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Resumen− Las intensidades de las líneas Raman del 
cerámico complejo (titanato de plomo) se han investiga-
do como una función de la relación de las áreas de los 
modos Raman de baja frecuencia E (1TO) y silenciosos. 
Un cambio de fase tetragonal dentro del material cúbi-
co fue observado por espectroscopía Raman. Las mues-
tras fueron sometidas a las mismas condiciones en el 
momento de realizar las mediciones de Raman. Los es-
pectros UV-vis de absorción sugirieron un cambio en los 
niveles de energía al aumentar la concentración del ele-
mento de lantano (La). La intención de este estudio es 
observar cambios estructurales en el material mediante 
intensidades Raman sin utilizar la posición central tradi-
cional del ancho máximo en las bandas.

Palabras Clave− Espectroscopía Raman, material  
ferroeléctrico, métodos ópticos

Abstract− The intensities of the Raman lines of the ce-
ramic complex (lead titanate) have been investigated as 
a function of the relation of the areas of the low Raman 
frequency modes E(1TO) and silent. A change of tetrago-
nal phase into cubic material was observed by Raman 
spectrjky. The samples were subjected to the same con-
ditions at the time of making the Raman measurements. 
The UV-vis spectra of absorption suggested a change 
in energy levels with increasing concentration of lan-
thanum element (La). This study’s intention is to observe 

structural changes in the material by means of Raman 
intensities without using the traditional central position 
of the peak width in the bands.

Keywords- Raman spectroscopy, Ferroelectric material, 
Optical methods.

1. INTRODUCTION

Ceramic materials can be defined as all inorganic 
solids, except for pure metals, formed by metallic 
and nonmetallic elements. Linked together by io-
nic or covalent bonds [1]. Generally in a perovskite 
structure the larger ions occupy the position of the 
vertices in the cube and the smaller ions, occupy 
the octahedral position and the oxygen is located 
on the cube faces. This material has many fe-
rroelectric properties and a high phase transition 
temperature, an ideal material for many electronic 
elements [2, 3, 4, 5]. The big problem with this 
material is its lead composition which makes the 
material environmentally hazardous. Because of 
this, we should search for a material similar in fe-
rroelectric properties, but environmentally friendly. 
The conventional method of solid state reaction, 
also known as mixture of oxides, has been a me-
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thod employed for obtaining the material in many 
papers [1, 6]. The basic procedure in this method 
is the stoichiometric mixture of the starting rea-
gents and their subsequent homogenization. In 
this procedure the mixture must be subjected to 
heat treatment at high temperatures. The method 
of the polymeric precursors or Pechini method is 
based on chelation or complexation of cations by 
a hydroxycarboxylic acid such as citric acid. The 
process of chelation occurs when the salts and 
citric acid are mixed in an aqueous solution. A gly-
col, such as etiniglicol, is added and is immedia-
tely heated to a temperature lower than 100° C 
[1]. These are some of the methods found in the 
literature for the creation of the material.

In fact, replacing the ion (Pb) in the material can 
cause defects such as vacancies, both in the hi-
gher ion and in the minor. This replacement is pre-
sented in the literature usually using lands rare tri-
valent (Ln3+) at the site occupied by a lead bivalent 
ion (Pb2+). A charge compensation is necessary in 
the crystalline network of the material in the study 
of lead titanate [1, 14, 15].

The relative intensity for each line varies with tem-
perature. With higher temperatures more mole-
cules exist in the energy level 1y = , where  o is 
the vibrational quantum number. Quantitatively, 
the population of molecules is determined by the 
Boltzmann distribution [7, 8, 9, 10, 11, 12].
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Where N
i
 is the number of molecules in the energy 

state E
i
 and N

0
 is the number of molecules in the 

energy state E
0 
; K is the Boltzmann constant and 

T is temperature in Kelvin and ∆E is the energy di-
fference between E

i
 and E

0
 states. The intensity of 

the Stokes line decreases when the temperature 
rises [12].

The intensity of the scattered light also depends 
on the following factors: - The size of the particle 
or molecule illuminated. - The position of observa-
tion. - Angle of scattering in relation to the incident 
beam. - The frequency of the incident light. - The 
intensity of incident light [11, 12].

The Raman displacement ∆w = w
i
 - w

f
 is usually 

measured with wavenumber per centimetre cm-1. 
The displacement is characteristic of the material 
as it coincides with the vibration frequency thereof, 
and not dependent on the incident light. In perfect 
crystals phonons are only seen the Brillouin zone 
centre, so that the Raman spectra are narrow and 
intense. In amorphous materials all the phonons 
and the spectra show long bands and little inten-
sity that reproduces the density of the vibrational 
states. The intensity of a Raman mode, in contrast 
to their frequency, varies with the frequency of the 
incident light. In principle it is proportional to w4. 
But when w

i
 approximates a band of electronic 

absorption of the material, the Raman intensity 
can increase in an order of magnitude (resonant 
Raman). The number of Raman modes is related 
to the number of atoms and their symmetries. In 
this way, the Raman intensity also depends on the 
nature of the links, with increasing covalent cha-
racter and symmetry [13].

The Raman modes studied here are reported in 
the literature in other studies [14, 15, 16]. From 
these spectra, we made in a careful study of mo-
des E(1TO) and silent to see if it was possible to 
detect changes in the crystalline structure of the 
material only by changes in the intensity of the Ra-
man modes in study. Many studies of the material 
are found in the literature explaining the phase 
transition of the PLT material [14, 15]. But few stu-
dies on this other material are reported that look 
at structural changes at the beginning of the inten-
sities of Raman modes. So our goal in this paper 
is to report the importance of Raman intensities in 
the material lead titanate doped lanthanum, but 
can also be extended to other materials. In this 
study, we show changes in Raman intensities with 
increasing concentration of La and temperature 
applied to the material.

2. EXPERIMENTAL DETAILS

The PLT samples were prepared using the mixtu-
re of oxides in the conventional method. Samples 
were analysed at room temperature using XRD to 
confirm its structural characteristics. Measure-
ments scattering Raman were performed using 
a triple monochromator Jobin Yvon T64000 with 
a CCD detector. The excitation light was an argon 
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laser. The optic used in the samples was a micros-
cope with a 50X objective long working distance. 
For low-temperature measurements from 10K to 
300K, a closed-cycle helium cryostat was used. 
For the high temperatures from 300K to 850K the 
measurements were made in an oven with an op-
tical window. The UV-vis spectra were made using 
a Cary 5000 spectrometer (Varian) in diffuse re-
flection mode.

3. RESULTS AND DISCUSION

Figure 1 shows the optical reflectance of the sam-
ples 10%, 15% e 20% of La doping the PbTiO

3
 ma-

terial. Optical reflectance spectra of the samples 
were studied at room temperature. UV-vis analysis 
can be thought of as a quality check for the optical 
behaviour of the studied ceramic material. In this 
study, we did not make lower concentration sam-
ples for lack of sample quantity in the study. As can 
be seen in Fig. 1 the samples have an energy gap 
(Egap) very similar to those found in the literature. 
Other experimental and theoretical papers say that 
the Egap of energy of the PLT material varies be-
tween 3.0 and 4.53eV [17]. As can be seen in Fig. 
1 a) 10% La, 15% La and c) 20% La energy gap this 
close to 3eV. The results indicate that the material 
behaves according to the literature [17]. The energy 
levels are dependent on the degree of structural or-
der-disorder in the network. The gap increases with 
crystal size, but decreases with the extent that the 
perovskite phase is formed [17]. It is said that an 
increase in energy of the interval of band Eg increa-
ses the dielectric properties of the material. The UV-
vis absorption spectra of the samples were measu-
red in a wavelength of 350 to 600nm.

Fig. 1. UV-VIS SPECTRUM OF THE MATERIAL PLT

Source: the authors

When a new crystalline material is discovered, one 
of the first fundamental properties to be determi-
ned is the atomic structure defined by the mini-
mum in the free energy with respect to the posi-
tions of atoms. Another key feature of interest is 
the curvature of the free energy minimum in the 
neighbourhood, and this was manifested in the 
elastic constants for the material. As these are 
derived from free energy, they are closely linked 
to the thermodynamic properties of the material. 
They can be related to the specific heat, the Debye 
temperature and parameter Grüneisen [14, 18]. 
Thus, there are many methods to study the cha-
racterization of materials. But few of those study 
the characterization for the change in Raman in-
tensity in the spectra of materials. Isomorphous 
substitution of lead by lanthanum atoms induces 
some interesting changes in the physical proper-
ties of lead titanate (PT); for example, at a linear 
reduction of the Curie temperature (T

c
) [19], which 

follows a change in the transition phase. The Ra-
man intensity measurements are used primarily to 
quantitatively determine the amount, distribution 
and degree of crystallization of different phases of 
a material, i.e., the Raman mapping.

The intensities of vibrational spectra of the cera-
mic material were obtained for the PT pure 2.5, 5, 
10, 15 and 20% of La. The efficiency of the me-
thod presented herein, shows great promise for 
evaluating vibration intensities reliably for a wide 
range of materials. These results clearly show the 
efficiency of the Raman intensity with respect to 
analyse the behaviour of the phase transition. Fig. 
2 shows the evolution of the temperature of the 
intensities of the Raman modes E(1TO)/Silent. 
As can clearly be seen, the intensity of all modes 
begins to significantly decrease with increasing 
temperature and dopant concentration in the 
PT network. This suggests that with increasing 
temperature the structure continuously evolves 
towards cubic symmetry. Raman intensities de-
pend on the square of the polarization. It is true 
that doing the math to calculate the Raman in-
tensity is very expensive and tiring and we believe 
this is the reason there are so few studies on the 
subject in the literature. The complete assignment 
of ceramic PTL modes of vibration was performed 
by analysing the dependence of Raman intensi-
ties of the modes E(1TO) low frequency and the 
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silent mode. The temperature dependence of the 
Raman modes, wavenumber positions and inten-
sities provide clear evidence of the occurrence of 
the phase transition. Fig. 2 shows that as the con-
centration increases in the material the T

c
 tempe-

rature decreases. However, one can also observe 
the phenomenon of the behaviour of the intensi-

ty as it approaches the phase transition. In Figs. 
2. a) to f) shows that the intensity has a regular 
behaviour with increasing temperature, but as it 
becomes close to the phase transition the beha-
viour is abrupt indicating the phase transition of 
the material.

Fig. 2. NORMALIZATION OF THE INTENSITY E(1TO)=SILENT FOR SAMPLES A) 0%,    B) 2.5%, C) 5%, D)10%, E) 15% E F) 20% LANTHANUM. RAMAN SPEC-
TROSCOPY SPECTRA AT DIFFERENT TEMPERATURES [16]. THE LINE OF EXCITEMENT AND CONDITIONS OF MEASUREMENTS WERE THE SAME FOR ALL THE 

SAMPLES

Source: the authors

The significant differences of the absolute inten-
sity values are detected in the pure and doped 
material. That is, the increase in intensity is ob-
served after the partial replacement of Pb by La. 
Once measured, intensity allows the evaluation of 
the distortion of the crystal structure, which shows 
that doping and vacancies of oxygens associated 
help distortions of the host network. In our opi-
nion, the study of relative intensity Raman also 
is a very powerful tool in the characterization of 
materials.

4. CONCLUSIONS

The example of the material discussed above clear-
ly shows that the analysis of the Raman intensity 
is a very powerful tool to deepen the understan-
ding of different materials and their properties. All 
the samples are subjected to the same conditions 
at the time of making the Raman measurements. 
The UV-vis measurements in the samples are con-
sistent with the values found in the literature.
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