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Far infrared properties of PLZT ceramics
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Far infrared and mid infrared reflectivity measurements have been made of lead titanate

zirconate (PLZT) ceramics at room temperature in the frequency range 40—1500 cm~1.
Kramers—Krönig analysis and a fitting procedure based on a four parameter model of the

spectrum, determined the infrared active transverse and longitudinal optical modes and

their damping factors. Group theory analysis has been done and the number of

experimentally observed infrared active modes was compared with the theoretical

prediction. Three ionic oscillators for a cubic perovskite Pm3m structure should exist, but four

ionic oscillators for the PLZT polycrystalline sample were observed. This excluded the

possibility that the sample could have a cubic lattice and confirmed that the tetragonal

structure was present at room temperature. X-ray analysis of the PLZT sample was

performed and the results were compared with infrared spectroscopy work. It was

concluded that infrared optical reflectivity measurements, as a non-destructive method, can

give more reliable results at the boundary cases when it is very difficult to distinguish if

a material has either a cubic or tetragonal lattice structure.
1. Introduction
Lead titanate zirconate (PLZT) ceramics modified by
lanthanum constitute a wide variety of compositions.
They are used as piezoelectric and pyroelectric mater-
ials and are well known as high optical transparent
materials with specific electro-optic properties which
are used for making optical shutters and modulators,
filters etc. [1]. The technology for producing PLZT
ceramics with maximum transparency, and desired
electro-optic properties, must be very carefully con-
ducted. They require a special powder preparation
technique and a specific sintering procedure, including
hot pressing [2]. Various technological conditions
must be fulfilled in order to obtain an optimal optical
quality of PLZT ceramics using hot pressing.

A large amount of research work has been done in
studying mechanical, structural, electrical and optical
properties of PLZT. There are several papers in which
their spectroscopic properties were investigated [3, 4].

In this work, far infrared and mid infrared proper-
ties of PLZT ceramics with the following composition:
Pb

0.905
La

0.095
(Zr

0.65
Ti

0.35
)
0.9725

O
3
, were examined

with the intention of showing that infrared spectro-
scopy experiments and their analyses can give very
useful information in the boundary cases when it is
very difficult to find out the crystallographic proper-
ties of these perovskite materials.

2. Experimental procedure
PLZT ceramics were prepared using the mixed oxide
procedure and hot pressing technique. The aim was to
0022—2461 ( 1997 Chapman & Hall
obtain a composition with 9.5 at % La, 65 at%
PbZrO

3
and 35 at% PbTiO

3
with the following for-

mula: Pb
0.905

La
0.095

(Zr
0.65

Ti
0.35

)
0.9725

O
3

and with
an excess of 3% w/o PbO, which was added in the
initial batch composition in order to obtain high op-
tical quality PLZT ceramics [1, 2]. The content of
lanthanum was chosen in agreement with the phase
diagram for PLZT ceramics [1, 2], which is given in
Fig. 1. It shows that there is extensive solid solution of
La

2
O

3
in PbZrO

3
and PbTiO

3
throughout the phase

diagram. It can also be seen that when the ratio of
PbZrO

3
and PbTiO

3
is 65/35 an addition of 9 at%

La is sufficient to reduce the stable region of the
ferroelectric rhombohedral phase to below room tem-
perature at a rate of about 37 °C at %~1 La. The
phase diagram shows that the boundary composition
of 9.5 at % La and 65/35 ratio, of PbZrO

3
and

PbTiO
3
, PLZT ceramics should have a tetragonal

lattice at room temperature. Hot pressed PLZT
ceramic samples were cut and polished to a thickness
of about 400 lm. The samples were polished to a high
optical transparency.

The crystal structure and lattice parameters of the
sample were investigated using the X-ray powder
method with a Phillips diffractometer. Twenty-one
Bragg reflections were measured between 2h"5 and
120°, which were used to calculate the lattice para-
meters using the least squares method. First, these
experimental data were analysed presuming that the
sample had a tetragonal structure. The results ob-
tained for the PLZT sample are given in Table I,
where »

0
is the volume of the unit cell.
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Figure 1 The phase diagram of PLZT ceramic.

TABLE I The tetragonal unit cell parameters of PLZT

PLZT
sample

Tetragonal unit cell Cubic unit cell

a
0
, nm 0.408469$0.000 21 0.408485$0.000 048

c
0
, nm 0.408795$0.000 052 —

»
0
, nm3 5.8206$0.007 08 6.81597$0.0024

Figure 2 The reflectivity diagram, R, as a function of wave number.
The experimental results are given with dots. The full curve was
calculated using Kramers—Krönig analysis.

In the same table the results when the cubic struc-
ture of the sample was calculated are given. It was
possible to do that because a similar crystal structure
exists which belongs to a perovskite group known as
tausonite, Sr—Ti oxide (JCPDS card 35—734). It is
interesting to notice that the error for the presumed
cubic unit cell was one order smaller for the ‘‘a

0
’’

parameter. The difference between the ‘‘a
0
’’ para-

meter for the tetragonal and cubic structure was
(*a

0
"0.000 016 nm), much smaller than the standard

deviation error of both tetragonal or cubic
parameters.

A highly polished PLZT sample was used for op-
tical measurements. Far infrared and mid infrared
reflectivity measurements for the PLZT sample
were made at room temperature with a near normal
incidence light using a Brucker 1130 Fourier trans-
form infrared (FT-i.r.) spectrometer in the range
40—1500 cm~1. The resolution of the measurements
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Figure 3 The real, e
1

(——), and imaginary, e
2

( — — — ), parts of the
complex dielectric function versus the wave number which were
calculated using Kramers—Krönig analysis.

Figure 4 The refractive index, n (——), and extinction coefficient,
k ( — — — ), versus the wave number which were calculated using
Kramers—Krönig analysis.

was better than 1 cm~1. The number of scans during
these measurements was 256, therefore the signal—
noise ratio for the sample and the reference mirror
allowed one to conclude that the precision of the
reflectivity measurements was better than 1%. The
reflectivity diagram as a function of the wave number
is given in Fig. 2. The experimental results are shown
by dots, while the full curve was calculated using
Kramers—Krönig analysis. The error bars are of the
size of experimental points. The diagrams of real, e

1
,

and imaginary, e
2
, parts of the complex dielectric

function are given in Fig. 3, with a full line and
a dashed curve, respectively. Fig. 4 shows the refrac-
tive index (with a full line) and the extinction coeffic-
ient (with a broken line), versus the wave number.
Finally the response function, Im (!1/e), versus the
wave number is given in Fig. 5.

Phonon frequencies deduced from Kramers—Krönig
analysis are shown in Table II, where x

jTO
and

x
jLO

are transverse (TO) and longitudinal (LO) fre-
quencies and e

0
and e

=
represent the low and high

frequency contribution to the dielectric parameters.
The parameter x

TO
was deduced from peaks of the

imaginary part of the dielectric function, e
2
, and

x
LO

from peaks of the response function.



Figure 5 The response function, Im(!1/e), versus the wave number
which was calculated using Kramers—Krönig analysis.

Obtained experimental results were also numer-
ically analysed using the four parameter model intro-
duced by Gervais and Piriou [5]. The factorized form
of the dielectric function is

e " e
1
$ ie

2
" e

=
<
i

x2
jLO

!x2# ic
jLO

x

x2
jTO

!x2# ic
jTO

x

(1)

In Fig. 6 the experimental reflectivity curve (with
dots) and the calculated curve obtained with this fit-
ting procedure are given.

Table II gives the oscillator parameter and dielec-
tric permittivity for the observed oscillators. They
were deduced from a least squares computer fit to the
experimental reflectivity data, where c

jLO
and c

jTO
represent the damping factor of longitudinal and
transversal optical frequencies for each oscillator.
These results are in reasonable agreement with the
Kramers—Krönig analysis given in Table II.

The real and imaginary parts of the complex dielec-
tric permittivity in the far infrared range for PLZT
calculated with the four parameter method are given
in Fig. 7, while the refractive indices (with a full line)
and extinction coefficient (with a broken line), versus
wave number are given in Fig. 8.

3. Discussion
It is well known that materials with a cubic perovskite
structure should have three ionic oscillators and they
are assigned in the literature [3] to be at about 10, 210
and 550 cm~1. The fourth mode was also discussed
[3] which was named a ‘‘silent F

2n
mode of the cubic

phase which is activated below critical temperature,
Figure 6 The experimental reflectivity diagram, R (2), and the
calculated curve (——) obtained with the fitting procedure (four
parameter model).

Figure 7 The real, e
1

(——), and imaginary, e
2

( — — — ), parts of the
complex dielectric function versus the wave number which were
calculated using the four parameter model.

¹
#
’’. It is also known that at the temperature, ¹

#
, the

unit cell of PLZT changes from a cubic (with space
group P

.
3
.
) to a tetragonal structure (with space

group P4
..

). The number of infrared active modes for
both crystal unit cells was calculated using group
theory analysis and Adams—Newton tables [6]. For
a cubic cell and the space group P

.
3
.

there are only
3F

1n
active vibrational modes, while for the P4

..
space group there are eight active modes: 4A

1
#4E

(parallel to the c-axis or normal to it, respectively).
That means that for a tetragonal structure there are
eight infrared active vibrational modes. All these
modes can be observed if they are strong enough.

When optical properties of a polycrystalline PLZT
sample were measured four infrared oscillators were
TABLE II Phonon frequencies (in cm~1) deduced from Kramers—Krönig analysis and the four parameter model

Kramers—Krönig Number of Four parameters fit
oscillators

e
0

e
=

x
TO

x
LO

x
TO

x
LO

c
TO

c
LO

e
0

e
=

43.4 122.4 1 42.0 126.4 54.7 48.5230 5.0
188.5 355.0 2 187.2 357.4 20.9 188.0

5.17

353.0 408.0 3 358.0 408.0 111.0 32.7
525.0 656.0 4 526.0 660.5 43.2 34.8
6373



Figure 8 The refractive index, n (——), and extinction coefficient,
k ( — — — ), versus the wave number which were calculated using the
four parameter model.

observed, which are given in Table II. One could say
that even a fifth mode is practically visible at about
100 cm~1 where some sort of a knee exists in the
reflectivity diagrams given in Fig. 2 and Fig. 6. This
shows that there is at least one more oscillator for
PLZT at room temperature compared with the cubic
perovskite unit cell. Only this statement is enough to
prove that the unit cell cannot be cubic. For a com-
plete infrared analysis one needs to have a single
crystal PLZT sample. In the present case, only a high
quality polycrystalline sample was available. In this
case one cannot distinguish if the oscillator belongs to
Eoc or E E c of a tetragonal unit cell. But still, one
surely can say that one has observed more than three
oscillators judging by Figs 3 and 7, and especially Figs
4 and 8. In Fig. 3 three peaks for e

2
between 30 and

400 cm~1 were identified. The fourth peak is better
exposed in Fig. 7 (at about 520 cm~1). Figs 4 and
8 represent the index of refraction and extinction coef-
ficient versus the wave number obtained with the
Kramers—Krönig of four parameter method, respec-
tively. In both figures the existence of four oscillators
is obvious.

The oscillator energy, E
04#

, was also calculated for
each oscillator using the following equation

E
04#

" e
2.!9

c
TO

x
TO

(2)

The ratio between the oscillator energy with the
highest and lowest energy is, E

04#3
/E

04#1
+4.6. It may
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be expected that if measurements were made at the
liquid helium temperature oscillators with a very high
energy could be observed as two or more individual
oscillators.

4. Conclusions
In this work it was investigated and confirmed that
infrared optical reflectivity measurements and numer-
ical analysis can be successfully used for obtaining
reliable information about whether a sample has a
cubic or tetragonal unit cell. That is very important
especially for materials with a perovskite lattice in
situations where it is very difficult to solve this prob-
lem using only X-ray work. An example of this case is
demonstrated in this work.
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