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Photoluminescence of nanostructured PbTiO 5 processed
by high-energy mechanical milling
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This letter reports on a process to prepare nanostructured RHFID at room temperature with
photoluminescencéPL) emission in the visible range. This process is based on the high-energy
mechanical milling of ultrafine PbTiQpowder. The results suggest that high-energy mechanical
milling modifies the particle’s structure, resulting in localized states in an interfacial region between
the crystalline PT and the amorphous PT. These localized states are believed to be responsible for
the PL obtained with short milling times. When long milling times are employed, the amorphous
phase that is formed causes PL behavior. An alternative method to process nanostructured
wide-band-gap semiconductors with active optical properties such as PL is described in this letter.
© 2001 American Institute of Physic§DOI: 10.1063/1.1362200

The development of semiconducting materials with ac-  Ultrafine PbTiQ powder was mechanically milled in a
tive optical properties such as photoluminesceiie, elec-  high-energy attrition mill for varying lengths of time and the
troluminscence, or nonlinear optical properties is of greammorphization process was followed by x-ray diffraction
scientific and technological interest. Amorphous or nano{XRD) and UV-vis spectroscopy. Photoluminescence was
structured semiconductors can replace single crystals in @easured using a U1000 Jobin—Yvon double monochro-
variety of optoelectronic applications, particularly in large mator coupled to a cooled GaAs photomultiplier and a con-
devices or in cases where cost is an important factor. Muchentional photon-counting system. The 488.0 nm exciting
interest has been evinced in the study of PL in amorphous d¥avelength of an argon-ion laser was used, with the laser’s
nanostructured materials since visible PL at room temperdN@ximum output power kept within 200 mW. All the mea-
ture has been observed in porous sili¢on. surements were taken at room temperature. _

In crystalline form, the ATiQ compound(A=Ba, Sr, An XRF) analysis of the PT poyvder mllled' for. different
Ca, and Ppis a typical wide-band-gap semiconduct8ro— Ie_ngths of time showed a progressive amorphlzatlor_l process.
4.5 e\V) with interesting nonlinear optical propertiésal- Figure Xa) shows the XRD pattern of the powder milled for

though other active optical properties, such as PL, are no]t0 andhzog)( dr_(msgn). A;jsbcar:j be otbse(rjve?ggge;s; typical
normally observed. Amorphous ATiQ materials such as amorphousidisordered band centered at&==29.7. Figure

; . 1(b) presents a high-resolution transmission electron micros-
Pt)(Zr,T|)Q3 and BaTiQ have recently .attracted a good dgal copy (HRTEM) image of the powder milled for 200 h. The
of attention due to their ferroelectric and electro-optical

. . . . . HRTEM image demonstrates that the specimen consists of
propertiest Despite extensive studies of this class of amor-

h terials. PL at ; ‘ ) ; I an amorphous regiofamorphous PT phas@nd nanocrys-
phous matenais, at room gmpera ure 1s not Usually € jine particles, which characterize a nanostructured mate-
ported. Nonetheless, Pizaet al”> recently reported intense

e ) ) rial. The HRTEM observations were performed using a JEM
visible PL at room temperature in amorphous AJim- 3410 ARP.
pounds prepared by the sol—gel method. Considering peak101) and the broad amorphous peak,

In this letter, we report on an alternative method to pro-the amorphous fractiotAF) was calculated following Eq.
cess nanostructured wide-band-gap semiconductors, speci&):

cally PbTiQ; (PT), showing PL at room temperature. This
method is based on high-energy mechanical milling of ul-  AF=[1a/(Ia+1(101)]X 100, (1)
trafine PbTiQ.° High-energy mechanical milling is a well-
known process employed in the preparation of nanostru
tured metals and alloys,which has now become quite
popular in ceramic materials processfity.

wherel 5 is the integrated amorphous peak area gigl) is
Cthe integrated101) peak area.

Figure Za) shows the evolution of the AF as a function
of time (t). A rapid increase can be observed in the amount
of AF up to 50 h. A small increase in this amount was ob-

dElectronic mail: derl@power.ufscar.br served when milling times of more than 50 h were employed,
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FIG. 1. (@) XRD pattern of the ultrafine PbTigpowder milled during 10 h.
Inset shows the XRD pattern of the PbTi@owder milled during 200 hb)
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FIG. 3. PL spectrum for the amorphized PbJi€@mpound after different
milling times and for the ultrafine PbTiGstarting powder.

HRTEM image of the powder milled during 200 h. For the HRTEM study, while a total AF of 87% was found after 200 h of milling.
a drop of the powder suspension was deposited on a carbon-covered gridThe pest fit for the experimental data was a double-
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FIG. 2. (a Evolution of the AF as a function of milling timetY; (h)
evolution of the crystallite size as a function of the milling time.
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exponential growth equation

AF=—0.249+61.3481—exg """
+35.96 1—exg ~115559), @

The decrease in crystallite size according to the milling
time employed showed an exponential decay, as illustrated in
Fig. 2(b). The crystallite size of the powder was determined
based on the diffraction peak of tfi£10) and(101) PbTiO;
planes and the Scherrer equation. In this study, the diffrac-
tion peak profile was fitted using a pseudo-Voigth function to
calculate the full width at half maximum. A rapid decrease in
crystallite size was observed in the first step of the amor-
phization procesgfirst 50 h of milling. A crystallite size of
11 nm was reported after 200 h of milling.

These results suggest that the amorphization process and
the decrease in the crystallite size are related. The decrease
of the amorphization rate, for long milling time, can be re-
lated to the decrease of the crystallite size.

Figure 3 shows the PL spectrum for the amorphized
PbTiO; compound after different milling times and for the
ultrafine PbTiQ starting powder. The PL spectrum of the
powder milled for 3, 6, and 10 h showed a broad emission
peak in the visible region, and a small shift to a lower wave-
length was observed. A broad emission peak was also ob-
served in the powder milled for 200 h, although there was a
shift to a higher wavelengtfpeak wavelength at 602 nm
The chemically prepared PbTi@howed a peak wavelength
at about 600 nm when excited with 488.0 Af?.The start-
ing powder showed no emission peak. The peaks observed in
the starting powder relate to the characteristic Raman scat-
tering of this material.
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located in an interfacial region between the crystalline PT
and the amorphous PT formed by high-energy mechanical
milling. This mechanism is believed to prevail when short
milling times are used. In contrast, with long milling times,
the fraction of amorphous material increases and, as a con-
sequence, the PL is governed by the disordered material. For
long milling times, the behavior of the PL is thought to be
similar to that reported by Pizaet al® and Leiteet al° for
amorphous PbTiQprepared by the sol-gel method.

To summarize, in this letter we have reported on a pro-
cess to prepare nanostructured Phbyli@th PL emission in
the visible range at room temperature. This method is based
0 380 400 450 500 on the high-energy mechanical milling of ultrafine PbJiO

wavelength (nm) powder. Preliminary results suggest that high-energy me-

FIG. 4. Spectral dependence of the reflectance for the amorphized ngTiOChanlcal milling may m.OdIfy th.e partl.de structure, resuilting
compound after different milling timeigb) after 3 h,(c) after 10 h, andd) 1" States located in an interfacial region between the crystal-
after 200 A and for the ultrafine PbTiQstarting powdexa). line PT and the amorphous PT. These localized states must
be responsible for the PL that appears with short milling
) , i , times. However, when long milling times are used, the amor-

The PL reported in earlier aruol%%‘? and obseryed In the phous layer that is formed causes the PL behavior. The find-
chemically prepared amorphous Pbilas associated with i, oo ranorted on in this letter may give rise to an alternative
a nonuniform band-gap structure with a tail of localized method to process nanostructured wide-band-gap semicon-

states_ and possible mobile edges. Thi? photqluminescence éﬂjctors with active optical properties, such as photolumines-
chemically prepared amorphous PbJi@3 believed to be

associated with a radiative recombination between trapped '

electrons and trapped holes in tail and gap states. The PL The authors wish to thank the Brazilian agencies
peak position is mainly determined by the separation energfFAPESP, CAPES, and CNPq for their financial support. HR-
between those states. Specifically for this material, the speG-EM microscopy facilities was provided by LNLS—
tral dependence of the reflectance measurement showed tt@ mpinas, SP, Brazil.
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