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Ferroparaelectric transitions in relaxor materials studied
by a photoacoustic technique
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Photoacoustic experiments were carried out in two ceramic compounds to present a promising way
to study relaxor materials. This technique has been shown to have some advantages in the
investigation of phase transitions in a variety of materials. We use the temperature-dependent data
of both dielectric and photoacoustic responses from the ceramic compoungRBIizO,,, with

R=Pr, x=0 and 1.6, to illustrate this work. We establish definitely thafTBO;, is a relaxor.
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As ferroelectric properties are related to dielectric,like Bi,O, layers,n=1-5, where M and B are ions with
acoustic, and optical parameters, in this work we use a phasuitable chemical valence and ionic ratlii.
toacoustic technique to follow ferroparaelectric transitions in ~ Sample preparation was by the conventional solid-state
relaxor ferroelectric materials. Generation of sound by usingProcess, full details will be given elsewhérén the experi-
modulated light or laser pulses, when it is absorbed by th&ents reported here, disk-shaped, 13-mm-diam, and 1-mm-
sample, is what is known as the photoacoustic effect. So, ifiCk samples of BilisO;, and Bb 4P1 6TisO1, sintered at
photoacoustic experiments relevant information is obtainedt900 “C for 19 h, were used. The composition was controlled

by analyzing the acoustic signal excited by the laser pulse, i{?y x-rayt_powder dlffractlotn teChr,‘\;?;_JfASGTOI p(;rrforrp the pho-
our case, on the surface of the material under study. oacoustic measurements, a ' as@ontinuum,

The laser beam induces a pressure wave, which is derpodel Surelite ) at 10 Hz, with a pulse width of 7 ns, was
P ' used and the transducer was PZT with 240 kHz resonance

tected outwardly as an acousti.c wave by using.a piezoelectriﬁequency. The laser beam was expanded and collimated
transducer.l The temporal profl!e of the agoustlc pressure d,%\'/ith a pair of glass lenses and focused onto the sample in a
pends particularly on the spatial properties and characterisy m spot. More information about the experimental setup
tics of the microscopic region where the ultrasonic wave in-can pe found in Ref. 1.

teracts with the material. This means that any Change in the Heating experiments were carried out in normal labora-
lattice should be shown by a change in the photoacoustiory conditions from 300 to 900 °C, using a well-controlled
signal emerging from the physical system. This is importanklectrical tubular furnace. The analyzed measurements are
particularly for those cases where crystalline changes causeble result of averaging at least 200 photoacoustic signals for
by temperature variations must be monitored. Therefore, thia given temperature.

technique has been successfully used to study phase Dielectric data as a function of temperature are used to

transitions' 3 determine the ferroelectric transition temperatiice Data
Different opinions exiét about ceramic BTizO;,, studied here come from compounds which are members of a
namely, is it a ferroelectric material or is it a relaxor? wide set of compounds$Bi, ,RTizO15 R,=Pr, Gd, Nd,

troversy, another is to show some advantages in using thi$ticS by impedance spectroscopy methods. Following the
technique to investigate relaxor materials in particular. temperature dependence of the dielectric constants we have

For this purpose we will compare the temperature depen]:—ounget"; v;/ell-defln(tedTa f:)r va_1r|ous£hpr?paredl rrlat_terk;alﬁ ' We
dence of dielectric data from Bi R,Ti;O, R.=Pr, x=0 ound that parameter determines the ferroelectric behavior

. . of the resultant compounds; low rare-earth concentrations
and 1.6, and data from photoacoustic experiments performe . .

. . X< 0.8) favor properly formed ferroelectrics, which produce
on the same sample. Incidentally, these materials are mem;

- . ) harp permittivity peaks at true transition temperatures, but
bers of the so-calledAurivillius family built up by b b y P P

o . ) large concentrationsx¢>0.8) favor the occurrence of relaxor
perovskite-like M 18,0z, slabs sandwiched by fluorite- aterials, whose permittivity curves do not exhibit sharp

peaks.
3Electronic mail: castanr@aleph.cinstrum.unam.mx Dielectric data presented in Figs. 1 and 2, open circles,
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0.98 3500 is considere¥'°that relaxors are those ferroelectric materials
0] where micropolar regions switch between a variety of orien-
097 4 3000 tations, rather than in a preferential one, far below and above
Correlation the transition temperature. This dynamical disorder, caused
, 0% T 2500 by thermal motion, is responsible for the lack of sharp peaks
z at a well-defined temperature in the dielectric constant
‘s 095 against temperature curves.
§ 2000 Generally speaking, in photoacoustieA) experiments
£ 0.94 1 @ the interaction between the laser beam and the lattice pro-
% 003 | 1500 duces a function PA(T;),® which contains phenomenologi-
5 cal information from the interior of the material. The index
o 0.92 | 1000 in PA(t,T;) indicates the size of the temporal signal, wHile
) is used to describe different temperatures. So, the correlation
091 L 500 between functions PA(T;) and PA¢, T; ;) will reveal those
changes occurring in the sample at the temperature interval
0.90 ; . 0 Ti1—T;. Furthe.rmore, Fhe correlatipn betwegn.PA'()
300 500 700 900 and PA([,TiTl) will be 1 if both functions are S|m|lgr, bgt
less than 1 if any change occurs between successive signals.
T['C] As is known, compressibility is a sensitive parameter for
FIG. 1. Photoacoustic signal and dielectric behaviopen circles of ferroelectric/paraelectric transitions and _its associated phe-
Bi,TisOy,, against temperature. nomenology. On the other hand, acoustic waves can be af-

fected by compressibility changes along the wave propaga-
tion trajectory, such changes may behave as a source of

sé?ovl\;rth_le_i tgmizrrztrigs Cc:)ergeggﬁgge.rﬁ; 2?;?2%%2’05:; eX_dispersion for the waves. So, compressibility is probably the
2.4 716 312 P ' P most important parameter affecting PAT)).

hibits a Curie temperature of 675 °C, whereas the second one To establish a comparison with the dielectric results,

shows a widely depressed and less smooth curve. Apparentl ! : . .
there is no maximum in the temperature dependence of th amples_of BiTi3012 and Bp 41y 6T130,, were used in pho-
toacoustic correlation experiments. The continuous curve in

dielectric constant in the second case. : . ; L
Dispersive behavior in dielectric properties is typical of Fig. 1 s_hqws the correlat_lon analysis of photoaco_ustlc signals
the well-known class of relaxor ferroelectrics materials;.from Bi,T150,, as a function of temperature. In this curve no
There are severalmodels which attempt to explain the SNarP Peak is observed as would be expected from alferro—
rPelectrlc transition, which was already verified in BaZi&t

physical properties of these materials. These materials al h \ati hibi ¢ ks distributed at th
technologically important for multilayer capacitors, sonar lis- The corre_auon exhibits a set of peaks ) Istri _ute attne tem-
gerature intervak~650—830°C. Thus, in BTi;0;, a real

tening devices, etc. Presumably, its behavior is attributable t X el . L2 ’
massive transition is not occurring, therefore, it is evident

the presence of microscopic composition fluctuatidmius, ) - )
physical interpretation of relaxor behavior is related to anthat its behavior does not correspond to a classical ferroelec-

unsuccessful phase transition at a strictly determifigdit  tric material, but a relaxor. _ _
Photoacoustic correlation experiments performed in

Bi, 4Pr; ¢TizO4, are shown by the curve in Fig. 2. There are
1.00 240 several pronounced peaks distributed between 300 and
700°C. An immediate observation is that the acoustic re-
sponse is far from that corresponding to a proper ferroelec-
tric transition.
Additional analysis of the same signals is shown in Figs.
1 190 1 and 2, where a correlation between successive signals was
performed. The purpose of this analysis is to show differ-
ences in temperature behavior, and the results are presented
in Fig. 3. These curves can also be used as stability criteria;
the system is much less stable as the correlation value moves
4 140 away from 1. So, BjTi;O;, is quite stable below 650 °C,
€ while Bi, 4Pr; ¢Ti301, exhibits instabilities in a large tem-
Q_ 0 Q; peratu_re interval~450-700 °Q. In the case of I%ﬂfl?,olz,
qug \ there is a large peak around 860 °C. One possibility for the
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interpretation of this peak is that it indicates the end of the

90 temperature interval where the relaxor behavior is occurring.
300 500 700 900 But it is also possible that the peak is due to the presence of
. a separate transition temperature. In dielectric experiments
TrC this peak is difficult to observe, because at such temperatures

FIG. 2. Photoacoustic signal and dielectric behaviopen circleg of dielectric information is strongly influenced by the presence

Bi, 4Pr; ¢TizO1, as a function of temperature. of a relatively large conductivity.
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1.001 The presence of numerous dispersion peaks in the acous-

tic response of a relaxor must be linked with the probability

for groups of nanopolar regions to reach their olyn Then,

1.000 b materials under the influence of dynamic behavior of polar
nanodomains have an associated temperature-dependent

acoustic signal on a curve with several peaks. Consequently,

the continuous curve for Bli;O;5, shown in Fig. 1, de-

scribes a relaxor. In conclusion, the results in this work allow

us to establish definitely that Hii;O,, and Bb 4Pry gTiz015

are relaxors.

Then, the temperature dependence of the correlation be-
tween successive events of the interaction of a modulated
laser beam with a crystalline lattice has proved to be a pow-
erful method to detect fundamental structural changes in the
‘ evolution of any relaxor material under study.

Bi, ,Pr, (Ti;0,; Thus, the photoacoustic technique may represent an ad-
vantageous alternative to follow complex phase transitions
0.996 ‘ such as those having a heterogeneous nature. Particularly, the
300 400 500 600 700 800 900 technique produces a well-defined signal at the transforma-
o tion interval, opening the possibility of more direct interpre-
TrCl tation of relaxor behavior. It is also important that one of the

FIG. 3. Temperature dependence of the successive correlation BB, advantages with this technique is that special sample prepa-
and Bi, /Pr; ¢TigO1. ration is not required.
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