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Abstract

The structural phase transition from ferroelectric to paraelectric was studied by Raman scattering in the ceramic
lead titanate (PbTiO,) doped with lanthanum (La). Al vibrational mode contains some sub-peaks that have been
associated in literature with PbTiO, concentration (Ca, Ba), and effects of high temperatures as it approaches the
Curie temperature (Tc). Raman new study shows that the anomalous behavior of the A1 mode is not only caused by
the effects of concentration or temperature near Tc, but by anharmonicity and defects in the network in the PbTiO,
thermodynamically are inevitable. This effect was studied by a wide temperature range from 10 K to Tc in each sample
(La=0,5, 10, 15, 20%), showing that the effect depends not only on the high temperatures in the pure PT.
Keywords: PbTiO,, ferroelectric, paraelectric, anharmonicity.

Resumo

A transicdo de fase estrutural de ferroelétrico para paraelétrico foi estudada por espalhamento Raman em ceramicas
de titanato de chumbo (PbTiO,) dopadas com lantdnio (La). O modo vibracional Al contém alguns picos que tem sido
associados na literatura com a concentragdo de PbTiO, (Ca, Ba), e os efeitos das altas temperaturas ao se aproximar
da temperatura de Curie (1c). Um novo estudo Raman mostra que o comportamento anémalo do modo Al ndo é
apenas causado pelos efeitos da concentragdo ou da temperatura proxima de Tc, mas por anarmonicidade e defeitos
na rede do PbTiO, sdo termodinamicamente inevitaveis. Este efeito foi estudado em uma ampla faixa de temperatura
de 10 K a Tc em cada amostra (La = 0, 5, 10, 15, 20%), mostrando que o efeito depende ndo somente das altas

temperaturas no PT puro.
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INTRODUCTION

The PbTiO, (PT) is one of most studied ferroelectric
materials in basic research and industrial applications [3-11].
In the literature there are many arguments about the nature
of the phase transition of PbTiO; such as a displacement or
order disorder transition. Raman Spectroscopy studies have
shown that this system undergoes a typical displacement
ferroelectric phase transition observed by the soft sub
damping of the low frequency fanon [1, 5, 13]. In a study
by Burns et al [6] and others [1, 2, 9, 12], show that the
optical transverse mode E1 of lower frequency can observe
the transition of ferroelectric-paraelectric phase in the PLT.
On the other hand, the optical cross Al as first studied by
Foster et al [12] and found in £148 cm' show that it is also
indicative of the structural phase transition; however, the
author discusses the anomalous behavior of Al but gives

no definitive explanation of the vibrational mode shape. An
explanation of A1 mode given by Foster [12], says that the
Al has a nature so inharmonious in the interatomic effective
potential. He also says that the Al and E1 mode must be
crossed at high temperatures, however the study was
limited in 225 K - 400 K and therefore the behavior for high
temperatures could not observed.

Other authors [1] make a systematic study of the
abnormal form of A1 mode to temperatures in 300 K < 700
K, and returns to the anharmonicity model and compares the
vibrational mode of PT doped with Bario (Ba). This study
concludes that the A1 mode of pure PT is not related to the
anharmonicity but thermodynamic defect in the network to
high temperatures leading the multiphonons process to high
temperatures. Some theoretical studies have emerged about
the subject without the final conclusion about the failure
mode in the form A1 [12, 13]. It is true that there are some
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studies for the abnormally A1 but all the explanations for
high temperatures, and only exists in the literature study for
the PT- doped with Ba to high temperatures, attributing the
effect to defects on the network by vacancies [1].

In this study, we have investigated the anomalous of
the Al phonon in the PT-doped with La. We note that the
phenomenon occurs to low temperatures and not only to
high temperatures for the pure PT. Therefore, we conclude
that it requires a more systematic theoretical further study
to clarify the origin of the anomalous behavior of Al
mode in the whole range of temperatures and for different
doping in PT, since it is considered one of the main modes
in the transition from tetragonal to cubic system. Studies of
behavior of this peak were not found in the literature for
low temperatures and different doping. This is the reason
that leads us to show that the effect is also observed to low
temperatures and for different La concentrations.

EXPERIMENTAL

The radiation source for the study was a laser Raman
Innova 70C with the line of A= 514.5 nm and as a dispersive
system was used spectrometer Jobin-Yvon T64000 and as
detection system a CCD camera. The system was operated
in the micro-Raman mode. For low temperatures we used a
special cryostat for micro-Raman can be operated between 8
to 320 K. High temperatures a micro-furnace with a quartz
window that allows the micro-Raman measurements up to
1500 °C.

RESULTS AND DISCUSSION

Fig. 1 shows the behavior of the peak Al in the pure
PT, from low to high temperatures or near of the Tc
temperature. As shown, the Al and E1 mode are going
to lower frequencies with increasing temperatures. This
behavior allows to observe the structural phase transition
from tetragonal to cubic in the PL.

Fig. 2 shows the enlargement for the Al mode in the
simple of 5% of La, at a temperature of 10 K. As shown, this
mode has a complex way consisting of several sub-peaks.
It is says that this mode is related to a double potential
well in the PT ferroelectric system. Thus, the anharmonic
double potential well is the source of the sub-peaks at high
temperatures. According to the anharmonic model the sub-
peaks correspond to vibrational transitional from a quantum
state. This being true to high temperatures, indicating that
it is also occurs at low temperatures, as shown in the Fig.
2 in which there is a clear anomaly in the shape of the Al
peak. The way is diverting some Lorenziana function which
should match a single peak at low temperatures.

Fig. 3 shows the mode behavior at a temperature of
100 K, in the left figure the general mode behavior with
the concentration of lanthanum (Pb, La TiO,). In the right
figure we observe the A1 mode for the 5% of La. As the
concentration of La increases is difficult to separate the
peaks due to these lengthen. However, we observe that there
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Figure 1: Al vibrational mode behavior at different temperatures
for pure PT.

[Figura 1: Comportamento do modo vibracional Al em diferentes
temperaturas para o PT puro.]
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Figure 2: A1 vibrational mode behavior at 10 K a concentration of
5% lanthanum.

[Figura 2: Comportamento do modo vibracional Al a 10 K para
5% de lantanio.]

are more peaks that those provided by the usual selection
rules for this material. In this figure also shows the ferro-
electricity decreases with the La concentration, this can be
observed by the displacement of low frequency modes and at
the same time widening them. Fig. 3 also shows the behavior
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Figure 3: On the left the Pb, La TiO, at 100 K and right extension
of the A1 mode behavior and concentration of 5% La.

[Figura 3: Esquerda: Pb, La TiO,a 100 K; direita: comportamento
do modo Al com a concentragdo de 5% de La.]

at a higher temperature (100 K), as observed this behavior is
very similar to low temperature (10 K). This indicates that
behavior is not exclusive at high temperatures. The evolution
of the behavior as A1 mode in the Fig. 3 is an indication that
indeed there may be inharmonious effects in the material,
caused by the concentration of lanthanum in the network.
This effect at low temperatures can also be strongly related
to the inter-atomic differences in the network, either pure
or doped material. At high temperatures is more difficult
to separate peaks due to the lengthening of the vibrational
modes. This would confirm that once the inharmonic model
but extended to a wide range of temperatures (10 -Tc K).
Fig. 4 shows the PLT behavior at room temperature
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Figure 4: Anomalous behavior of the A1 mode at room temperature
(300 K).

[Figura 4: Comportamento anémalo do modo Al na temperatura
ambiente (300 K).]

(300 K). At room temperature the vibrational modes are
more intense in the pure PT in comparison to the PLT.
For high concentrations the Al (TO) and E1 (LO) modes
show an elongation of the peaks in the different samples
specially for high concentration and approaching to Tc. The
dependence of the La contents at room temperature suggest
an qualitative explanation for the perturbation theory
containing terms of third and fourth order of anharmonicity.
The broadening of the peak at high or room temperatures,
it really could be related to multiple phonon processes, as
it is greater than the dispersion of first order at more than a
phonon is involved in the process, but this does not explain
anomaly at low temperatures. Thus, we can say that each
of the sub-peaks corresponds to a transition between two
neighboring quantum vibrational states. In other words, the
frequency of each sub-peak is equal to the energy transition
between two vibrational states involved.

CONCLUSIONS

We show that the low frequency Al mode in the pure
PTO3 or doped with La, this still cannot be adequately
explained by existing models in the literature of
anharmonicity or polarization. Existing theories explain the
anomalous behavior only for high temperatures. We conclude
that this effect is caused by the anharmonicity and defects
in the network, either by the decrease in the inter-atomic
distances at low temperatures and at high temperatures by
the displacements of the octahedral BO6 regarding to the
Pb ion sides. Therefore, we suggest a more detailed study
theoretically in the entire range of temperatures to explain
the anomalous behavior of Al mode and not only for
high temperatures since the effect is also observed at low
temperatures and La concentrations.
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