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Cay.955My 051103 (CT:Sm) powder was prepared by the polymeric precursor method (PPM).-Order
disorder at short and long range has been investigated by means of Raman spectroscopy, X-ray diffraction
(XRD), and photoluminescence emission (PL) experimental techniques. The broad PL band and the Sm
emission spectrum measured at room temperature indicate the increase of structural order with annealing
temperature. The measured PL emission reveals that the PL intensity changes with the degree of disorder
in the CT:Sm. The electronic structures were performed by the ab initio periodic method in the DFT
level with the hybrid nonlocal B3LYP approximation. Theoretical results are analyzed in terms of DOS,
charge densities, and Mulliken charges. Localized levels into the band gap of the CT:Sm material favor
the creation of the electrerhole pair, supporting the observed room-temperature PL phenomenon.

changes in the optical behavidor improve the capacitance
) . ) response making it possible to use these ceramics as high-
It is well-known that production of new photoluminescent frequency ultrasonic transducéfsOur research group has

Qgtgria'ls lsp\é)eré attSractivg El;or moderrl:_ tecrr]mology. Thed demonstrated that amorphous titanates displayed intense
iO3 (A = Pb, Ca, Sr, and Ba) perovskites have attracted \ ;ci\o B at room temperatufé8

considerable attention and constitute one of the most
important classes of mixed oxides, suitable for various The PL phenomenon at room temperature occurs due to
applications due to their physical properties, and have beenstructural disorder of the system. Therefore, if the system is
extensively studied as candidates for electrooptical de¥ices. totally disordered, the PL does not exist; as well, a system
Much interest has been dedicated to the study of photolu-totally ordered does not exhibit PEIn such cases, a minimal
minescence (PL) in nanostructufetl or amorphous?® order in the system is necessary for the material to exhibit
materials since the first time visible PL at room temperature PL. X-ray absorption near edge structure (XANES) results
was observed in porous silicdhRare-earth ions are used on the SrTiQ amorphous phag¥pointed out the coexistence
to dope perovskite-type oxides not only as a probe to of two types of environments for the titanium, namely, a
investigate local centers and enéefgy* but also to provoke  five-fold (TiOs) square-base pyramid and a six-fold coordi-

Introduction

nation (TiQ) octahedron. Order is related to the presence

*To whom correspondence should be addressed. E-mail: alberth@liec.ufscar.brOf TiOg clusters, whereas the disorder is related to the
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interaction of the Ti@—-TiOg pair?! After homogenization of the Ti citrate solution, Cag@as slowly
Several papers can be found in the literature related to added. After complete dissolution of the Cag€alt, SmO; was

the structural disorder and quantum mechanics calcula-firstdissolved in nitric acid and gradually added to the-Cacitrate
tion.222% These authors used periodic calculations DFT/ solution. Ethylene glycol was then added to promote polymerization

B3LYP to relate the structural disorder of titanate with the of the mixed citrates by polyesterification reaction between 90 and
. - 120 °C followed by the elimination of water. The molar ratio
room-temperature PL properties. The applied methodology between citric acid and ethylene glycol was fixed at 60/40 (mass

is based on the atomic displacement to study the chargeratio)
transfer between Ti©-TiOg clusters and the electronic levels The polyester resin was annealed at 30dor 2 h. The obtained

inside the band gap. powder was deagglomerated, and then it was precalcined at 300
Amorphous metal oxides processed by modified Pechini °c for 20 h in an oxygen flow to promote oxidation of the organic
method?* called the polymeric precursor method (PPM), matter and prepyrolysis without crystallization. After being pre-
displayed intense PL at room temperature. A simple water- calcined, CT:Sm was submitted to a heat treatment at 350, 400,
based chemical process was used, allowing amorphous meta#50, 500, 550, and 600C for 2 h in anoxygen flow. CT:Sm
oxides to be processed at temperatures as low aSG00 powders were structurally characterized by X-ray diffraction (XRD)
the form of particles. This method has been used to (Cu Ka radiation) in the mode of—26 scan 0 is the diffraction
synthesize nanoparticles of several materials and is based"d'€). recorded on a Siemens D5000 diffractometer. Such results
indicate that the sample is a single phase and could be completely

on.the. chelation of Catlons.by a carboxylic acid, such as citric indexed on the basis of an orthorhombic ICDD card no. 42-423
acid, in an aqueous solution.

According to discussions in the literature there is an (Pbnm. No pe_aks were observed, ne_ithc_ar the ones related to the
: ; ; presence of Ti@or SmO;3, nor those indicating the presence of
order—disorder concept in materials such as glasdes, precursors.

amorphous materiaf§;>” and ceramic® to explain some Raman data were taken on an RFS/100/S Bruker FT-Raman with
properties of these solid solutions. Such concept is explaininga Nd:YAG laser providing an excitation light at 1064.0 nm. The
in terms of organization or structural of the material as phase spectral resolution was 4 crh and the 108700 cnt? spectral
transitiong® and techniques to determine the order in short, range was analyzed. The optical spectrum was obtained in the total
medium, and long rang&8?’ In the present work it is reflection mode, using Cary 5G equipment. The PL measurements
proposed to use Raman Spectroscopy, XRD, PL em|ss|on,Were realized USing a U1000 \]Obln'YVOn double mOnOChOr:natOr
and quantum mechanical ab initio calculation to observe and couPled to a cooled GaAs photomultiplier and a conventional
understand the ordedisorder at short and long range. In photon_-countlng system. Th? 488.0 nm exciting wavelength of an
particular, the PL emission result will be used as a tool for argon ton la.se.r was used with the maximum output power of the
observing the increase of the structural order of the com- laser kept within 20 mW. All the measurements were taken at room

. temperature.
pound CT:Sm. Computer Details. For the theoretical modeling of the CT:Sm

samples periodic DFT calculations were used with Becke’s three-
Experimental Section parameter hybrid nonlocal exchange functional combined with
the Lee-Yang—Parr gradient-corrected correlation functional
(B3LYP),1929by means of the CRYSTAL98 computational cGée.
Ca, Ti, and O centers have been described in the scheme
|86-51ld3G, 86411-d(41), and 6-31G*, respectively. In this paper
the lattice constants and internal coordinate data were obtained by
d Mmeans of the XRD patterns refinement using the Rietveld method.
Sambrano et & have used this methodology to simulate perovs-
kites of technological interest.

For the auxiliary investigation of the ordedisorder of the CT:

Materials and Instrumentation. Amorphous and crystalline
CaxSmTiO3, X = 0.05 (CT:Sm) were synthesized by PPM. To
study the orderdisorder in the perovskite CT the Shwas used
as an indicator of the structure order established in the material
after certain thermal annealing treatment.3Sion was chosen to
replace the C4 ion to provoke structural defects in the compoun
CT:Sm through of the introduction of holes. The 8rion amount
was fixed tox = 0.05 in the lattice. It was not the interest of this
work to observe the influence of the Smamount once the

emphasis was the influence of the heat treatment with reference to>™ Solid solution the analysis of density of states (DOS) and
the increase of the structural order of the solid solutiopsga, os Mulliken charges was used. However, to associate these results with
TiOs. ' ’ ordered and disordered material the site Ti atofiDg was

attributed to the ordered structure, whereas for the disordered
structure the site Ti atom displacemefiOs was used. This
methodology is reported in the literatutét

Titanium citrates were formed by the dissolution of titanium-
(IV) isopropoxide in an aqueous solution of citric acid {6 °C).

(21) Orhan, E.; Varela, J. A.; Zenatti, A.; Gurgel, M. F. C.; Pontes, F. M; . .
Leite, E. R.; Longo, E.; Pizani, P. S.; Beltran, A.; AndresPBys. Results and Discussion
Rev. B 2005 71
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M. S.; Paiva-Santos, C. O.; Varela, J. A.; Longodaem. Phys. Lett . " .
2005 402, 491. the PL property due to an ordedisorder transition. Ordering
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Figure 1. Powder annealed at 350, 400, and 480 (a) Raman spectra, (b) XRD, and (c) broad PL band; projected DOS (d) 0.50 A displacement, () 0.40
A displacement, and (f) 0.30 A displacement.

diffraction peaks in the XRD (Figure 1, parts a and b). This Ti—O bond is observed. The O 2[2p,, and 2p states are
confirms that the powders annealed at 350, 400, and@50 predominant in the valence band (VB), which is located
are disordered in the short and long range. In this temperaturebetween—5 and—3 eV. Such states are hybridized mainly
range such disorder is characterized by the presence of PLwith Ti 3dy, 3d.; and Ca 3¢, 3p,, 4s states. However, not
emission intrinsic of the material (Figure 1c). This behavior all states are hybridized forming nonbonding states near the
can be explained as follows. As material begins to become gap. These states are responsible for concentrating electrons.
ordered in crystalline form, the intensity of the PL emission The conduction band (CB) is localized between 0.5 and 3
drops to virtually zero at room temperature. The Fi@nd eV, approximately. In this range are mainly localized Ti 3d
TiOe-type structures were found in the disordered system, states with low hybridizations in relation to the O,2fp,
since the PL signal relates to presence of thesfiQe states. Note that Ti 3d states are displaced to minor energy
structures in a disordered matrix, which was confirmed by levels. These states are responsible for concentrating holes.
XANES 2° We thus conclude that oxygen deficiency in CT: Figure 2 shows Raman, XRD, PL, and DOS data for
Sm causes the broad PL band at room temperature. On thenaterial annealed at 500 and 5%0. This is the main point
other hand, Kan et &.report on blue-light emission at room  of the order-disorder transition because in this temperature
temperature from Arirradiated in metallic SrTi@showing range occurs the increase of the order in this system. Raman
that the irradiation introduces oxygen deficiencies to a depth spectra of the powder annealed at 500 and B5@resent
of proximally 20 nm from the crystal surfaéAll lumi- Raman phonon modes (Figure 2a), indicating a short-range
nescence characterization was realized in the same condiorder. Particularity, the spectrum to 5%0 (Figure 2a) does
tions. For samples annealed at 400 and 45@he presence  not show high resolution (still cannot complete order), but
of peaks corresponding to the Sion is noted. DOS results  there is evidence of some-Ti—0O bending modes between
show that displacement Ti atoms, as an approximated form150 and 350 cm (Table 1).
of diso.rder, cause perturbation in the region near_the band However, a long-range order is not yet observed since that
gap (Figure 1ef). There is a decrease of the Fermi energy he material annealed at 500 does not present diffractions
related to the decrease of the-TD bond deformation. The  peqks in the XRD spectrum (Figure 2b). At this condition
increase of band gap with the decrease of disorder in thei,e presence of visible PL emission related to samarium is
) : ) ) _ _ expected (Figure 2c). Hence, the decrease of broad PL band

B8 ST Ran. H.slshizum, & Kanemitsu. Y- Shimakawa, v, Takano,  INtensity between 450 and 5@ is associated with the

M. Nat. Mater 2005 4, 816. decrease or even the extinction of the Fi§pe structures.
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Figure 2. Powder annealed at 500 and 580! (a) Raman spectra, (b) XRD, (c) broad PL band; DOS (d) 0.20 A displacement and (e) 0.10 A displacement.

Table 1. Frequencies (cm?) of Unpolarized Raman Bands and Their Assignments for CT:Sm

label corresponding

to Figure 3a ref 27 ref 28 ref 29 this work

Ca—TiOg lattice mode a 128

b 155 153 160
O—Ti—0 bending modes c 180 178 183 181

d 226 222 225 220

e 247 244 247 245

f 286 281 288 295

g 337 333 339 339
Ti—0Og3 torsional modes h 471 467 470 471

i 495 490 494 495
Ti—0O symmetric stretching j 639 641 644

As a result there is a reduction in the number of structural crystalline field is to establish an order surrounding the
short- and long-range defects which can generate localizedsamarium ion producing a peak definition referred to as the
states in the band gap as well as inhomogeneous chargentrashell f of the Si#" ion.
Figure 2, parts d and e, shows DOS results due to

Powder annealed at 55C presents a short-range order displacement of 0.20 and 0.10 A in the-T® bond. It can
as observed by phonon modes in the Raman spectra (Figurée observed that in the VB the O ,212p, 2p, states are
located from the—4.6 to —0.6 eV range. It is also noted
modes can be observed (Table 1). In this condition there that there is a change in the hybridization between the O 2p
are diffractions peaks in the XRD spectrum establishing a and Ti 3d states. The Ti 3dstate changes to Ti 2d3d,;
long-range ordetperiodicity (Figure 2b). Despite that the
material presents short- and long-range order, it still displays the z-direction, alternating the charge-transfer direction in
a broad PL band, indicating that it is not completely ordered relation to these states. In the CB an inversion of position
(Figure 2c). Considering these results, it can be proposedoccurs between the Ti 3d 3dz-y2 and Ti 3d,, 3dz states;
that, in this condition, the material does not present a this indicates that the stabilization of the Ti8state is the
major one responsible by the-TO bond in thez-direction.

It can be observed in Figure 2c that the material is not According to this decrease in the deformation of the i
totally organized at long range, but the effect of the bond the Ca states can be stabilized demonstrating that

distribution in the cell.

2a). In this spectrum ©Ti—O bending and F+Oj3 torsional

complete order.

states; this is correlated to stabilization of the-T bond in
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Figure 3. Powder annealed at 60C: (a) Raman spectra, (b) XRD, (c) emission spectra of Sm, (d) projected DOS crystalline.

despite the small contribution in this energy range those stateghat only samarium emission is evident due to part of the
are influenced. charge-transfer band (CTB) of the $mO?~ bond, and the

Comp|ete order is reached for the Samp|e annealed at GOdatter is from the £f transitions within the SAt 4f° electron
°C. This behavior is observed by the presence of all phonon configuration (Table 2j7~%° Hence, this powder annealed
modes in the Raman spectra (Figure 3a) that is consistentdt 600 °C presents short- and long-range order. So this
and indicates the orthorhombic phase of ordered CT?S#h. ~ material presents phonon modes in the Raman spectra (Figure
Peaks at 128 and 160 cfnare observed and attributed to 32) indicating a short-range ordering. XRD peaks (Figure
Ca—TiO; lattice modes (Table 1), demonstrating an ordered 3b) confirm the long-range ordering (periodicity). The
system when compared with that of Figure 2a. Such absence of the broad PL band corroborates with the complete
attribution was based in Parlinski et atsvork. Figure 3b ~ order of this material (Figure 3c).
demonstrates the definition of the diffraction peaks that are It is interesting that, at room temperature, the XRD results
comparable to the result of the XRD for CaTie*"Thisis ~ Show a long-range order or periodicity for CT:Sm annealing
related to establishment of the long-range order or periodicity. @t 550°C, while the Raman modes are defined up to 600

In terms of PL (Figure 3c), the observed result demonstrates C. This difference was understood by the fact that X-ray
probes the overall long-range order, whereas Raman scat-

tering probes the short-range structural order.

(32) Balachandran, U.; Eror, N. Golid State Commuri982 44, 815.

(33) Qin, S.; Wu, X.; Seifert, F.; Becerro, A. J. Chem. Soc., Dalton However, it has long been known that structural organiza-
Trans 2002 3751. . _ tions intermediate between discrete chemical bonds (short-

(34) Zheng, H.; de Gyorgyfalva, G.; Quimby, R.; Bagshaw, H.; Ubic, R.;
Reaney, I. M.; Yarwood, 1. Eur. Ceram. Sac2003 23, 2653.

(35) Parlinski, K.; Kawazoe, Y.; Waseda, ¥. Chem. Phys2001 114 (38) Makishim, S.; Yamamoto, H.; Tomotsu, T.; Shionoya). Shys. Soc.
2395. Jpn 1965 20, 2147.

(36) Vashook, V.; Vasylechko, L.; Knapp, M.; Ullmann, H.; Guth, J. (39) Kodaira, C. A.; Brito, H. F.; Teotonio, E. E. S.; Claudia, M.; Felinto,
Alloys Compd2003 354, 13. M.; Malta, O. L.; Brito, G. E. SJ. Braz. Chem. SoQ004 15, 890.

(37) Qin, S.; Becerro, A. |.; Seifert, F.; Gottsmann, J.; Jiang, J. Klater. (40) Honma, T.; Benino, Y.; Fujiwara, T.; Sato, R.; Komatsu,JTPhys.

Chem 200Q 10, 1609. Chem. Solid2004 65, 1705.
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Table 2. Energy Levels and Wavelength (nm) for the 0,9
Intraconfigurational Transitions of the Sm3* in CT:Sm ] A
label corresponding 0,84 a7 \‘\\ R
transition to Figure 3c ref 34 ref 35  this work 1 S
G —Hsy @ 563 565 561 0.7
b 564 565 ] .
¢ 568 569 0,6+ %
1 --A--red N
4 —> 6 \
B AN S P B .
f 603 608 <
g 605 614 0,4
4Gsp—C®Hoz  h 649 645 647 03
i 652 656 ]
4G5/2 - 6H;|_1/2 ] 704 705 710 0,2 1
k 715 714 1 n
T

. . . . 350 ' 4(I)0 ' 4;30 ' 5('JO ' 550
range structural order) and periodic crystalline lattices (long-
range structural order) are present in CT:Sm. These features . . )
. . . Figure 4. Relative contribution of high-energy (green) and low-energy
correspond to large real-space distances in the materials, an@red) PL emission as function of annealing temperature.
understanding their origin is key to unraveling details of
intermediate-range order. Here, we employ principles of the °C, and for the powders annealed at 450, 500, 550, and 600
Sm emission spectrum to design specific patterns of inter- °C the PL intensity decreased gradually. PL is associated to
mediate-range order within amorphous CT:Sm networks the presence of TiQand TiQ; clusterd®2! responsible by
(Figures 2c and 3c). introduction of delocalized electronic levels nearest the VB.
PL comportment for the CT:Sm compound can be sum- Such delocalized levels yield energy levels inside the band

marize as follows: the intensity of the PL emission, gap, and these act as electrdole pairs.

previqusly discussed, passes alterations according. with .the PL observed for the CT:Sm shows that the transitions in
evolution of the structural order of the CT:Sm material. Itis - thjs material are of the intermediate energy levels between
observoed that this alteration passes a maximum of emissionhe /B and the CB, since that the excitation energy is smaller
at 40Q C_ and, later, there occurs a decrease qf the INteNSIY than the gap energy of this material. To investigate this
of emission followed by the phenomenon vanishing at 600 penavior the PL curves (Figures 1c and 2c) were decomposed
C. The PL remainder is due to the Snion. Itis proposed jnto two curves. It was observed that one curve is centered
that PL emission is anaIyS|§ as a possible tool of structural i the smaller wavelength region, the green region, and the
analysis, mainly between disordered and ordered phases. giher curve is located in the larger wavelength region, the

'DOS calculations for the crystalline CST are shown in a4 region. These behaviors represent transition levels inside
Figure 3d. A great degeneracy among Ti 3d states is observeqne pand gap.

mainly in the 0.6-1.3 eV range. Hybridization between Ti
3d states and O 2p states in the range frof6 to 4.0 eV
is also observed. The O 2p states also acquire degenerac

in the VB. Ca states are stabilized in the direction to the TiOg clusters, increasing the order in the solid. It is important

VB. . .
. . o to observe that there is a contraction of the VB due to the
It can be noted in the projected DOS that the contributions .

the Fermi bondi wates. Th at increase of order of the system (O resulting in the
near the Fermi energy are nonbonading states. These Staleg, . o 4qa of pand gap energy. Such results are evidence that
are con tracted (degengrapy) leading to the decrease of syster{he order-disorder (TiQ—TiOg) present in the material is
_dlstortlon. Such l:_)eha\_/lor IS related_ 0 Jaﬁfe”er symme.try, . the major factor responsible for the degeneracy among
i.e., molecular distortion is associated with perturbations in

: L electronic states yielding delocalized levels fundamental to
2
the electronic degenera@y?of the atoms. Considering that PL phenomena.

the degeneracy of these states contributes to widening of the . . .
g y g DOS calculations for the crystalline CST are shown in

band gap and of the Fermi energy stabilization, the disorder _. . .
gap 9y Figure 3d. A great degeneracy among Ti 3d states is observed

in solids cause both the degeneracy and destabilization inmainly in the 0.6-1.3 eV range. Hybridization between Ti
the localized states of the atoms, supporting the PL phe- N Lo
PP g P 3d states and O 2p states in the range frof6 to 4.0 eV

nomena in amorphous solids. < al b 4 The O 2p stat | ire d
By previous description increasing the annealing temper- IS also observed. The p states aiso acquire degeneracy

ature causes an increase in the structural order, which isn the VB. Ca states are stabilized in the direction to the

responsible for changing the PL intensity. The PL intensity VB'.
increased gradually for the powders annealed at 350 and 400 Figures 1c, 2¢, and 3¢ show the broad PL band spectra of
CT:Sm powders annealed at 35600 °C for 2 h. These
(41) Lucovsky, G.; Fulton, C. C.: Zhang, Y.; Zou, Y. Luning, J.; Edge, Proad band spectra can be deconvoluted into two Gaussian-
L. F.; Whitten, J. L.; Nemanich, R. J.; Ade, H.; Schlom, D. G.; type functions, one peaking red band and the other one a

QTE}FE'?ESS ¥’r¥1's\./'|5§itce§r,\r}la£;g;ﬁggg%&sg T(Srgoso' D Rogers, B- - 5reen band. Figure 4 was obtained by dividing the area of

(42) O'Brien, M. C. M.; Chancey, C. CAm. J. Phys1993 61, 688. each decomposed broad PL band curdg by total broad

Heating Temperature (°C)

By increasing the calcining temperature in this solid
solution, the transition of amorphousrystalline states is
}Srovoked in consequence of the increase in the amount of
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map-charge — 010 map-charge -0
Figure 5. Charge density contour and surface plots (100) for severaOTdisplacements.

PL band areaA). In these plots (Figure 4), it is observed titanates where the higher the heat-treatment temperature (550
that the green and red components reach a minimum and°C), the rarer pentacoordination of titanium and the weaker
maximum at 400°C, respectively. For the green curve, the broad PL band emission (Figure 2c). Following the
intermediate transition levels are lower than that observed example of Macké? it is possible to relate the green and
in the red curve. Consequently, those levels have a point inred components of the broad PL bands to one particular type
common, located in the interception of the curves. Afterward of titanium coordination coexisting in the structure as
the intermediate levels of larger energy (green) overcome observed by Ponader et“dlwho detected the presence of
the intermediate levels of smaller energy (red). The intercep- hexa- and pentacoordinated titanium in titarsdicate

tion of these curves occurs at approximately 329Hence, glasses. The red component must somehow be limped with
the region before the interception shows a larger disorder :

than order and atter that point a larger order than disorder.(45) M3 A%,/ sold sae chemsr o sar, L

This is in accordance with our previous investigations on 201, 81.
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Table 3. Mulliken Charges Distribution (Q) to TiOs—TiOg Clusters rhombic system different displacements of &nd Tt lead
in the (100) Plane to different amounts of Ti@clusters. Such charge transfer
X TigOs TinOs TicOs between Ti@—TiOg clusters is similar to PL results (Figures
050 —2.62 -1.32 —-1.47 1c, 2c, 3c) that shown a decrease of charge-transfer associ-
8:;8 :g:gg :iig :ﬂg ated to the annealing temperature of the CT:Sm powder.
020 —263 ~1.40 ~1.40 Hence, the displacement proposed yields a charge transfer
8.(1)8 —g.gz —-1.40 —-1.40 from the center to the surrounding. This is similar to the

concept of orderdisorder®i.e., an effect in a localized point
the pentacoordinated titanium and the green componentof the structure affects neighboring points of this structure.
somehow with the hexacoordinated titanium. The crystalline,
fully ordered phase (60%C) does not present any broad PL . . ) )
band at all when excited with the 480 nm line of the argon [N conclusion, system Orqerlng at short, |ntermed|a.1te, and
ion laser, only the samarium. long range was accompanied for thet)g‘gSnbpsT!Og using

In previous paper&®2lthe results of PL for amorphous Raman, b_roa_d PL band, Sm spectrum emission, and XRD
materials at room temperature were attributed to the charge-Characterization. Raman data related to short-range order
transfer effect among Ti©-TiO clusters. So itis important ~ Shows that the material is organized at 3aD XRD results
to analyze the charge transfer for this system. Analyses of démonstrated that the long-range order is established at 550
Mulliken charge transfer have been regularly used in the f’C. Thl_s determines that short-range order is organized first
literature to elucidate this phenomerf#s The choice of a [N relation to long-range order. However, the phenomenon
Mulliken partition is arbitrary, since there is no unique of PL at room temperature is not observeq |n.the crystalline
method of performing the partition of the charge density. In Structure at 600C. The introduction of ST ionin the bulk
this paper the charge density will be used to evaluate theCT Proportioned to observe that the PL emission of the
distribution of charge among the system models. The main disordered CT:Sm compound is independent of the PL
factor in these models is the choice of Ti atom displacement €Mission of the Sk ion. Analyses based in broad PL and
direction. This direction was chosen after analysis of the SM SPectrum emission phenomenon have shown that it is
charge map distribution (Figure 5). In this charge map possible tq accompany this behaV|c_>r|n short and long range
distribution is observed the behavior of the charge density ©© CT:Smin association to the ordetlisorder concept. These
for formation of the TiQ clusters with the decrease of the results are related to intermediate energy levels inside the
displacement of the Tiand T atoms. This formation is ~ Pand gap as demonstrated by the peak area analysis and
characterized by the covalent nature between-0g and guantum mechanical modeling. Disorder in solids provokes
Tic—Oa bonds. Nevertheless, note that there are different degeneracy and destabilization in the localized states of the
atom denominations due to the different Mulliken charges &{0ms acting as electremole pairs and supporting the broad
assumed according to the chosen displacement. PL band phenomena. El_ectronlc levels are funda_mental to

Results of Mulliken charge to Ti&-TiOg clusters are understanding the ordedisorder process in the solid state.
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