
Introduction

Strontium titanate-based ceramics have been widely
used to produce some electronic components, such as
grain boundary layer capacitors (GBLC), varistors, sen-
sors, etc. [1]. SrTiO3, a cubic perovskite-type crystal,
has distinguished attention in its application in dielec-
trics for dynamic random access memories (DRAM),
because of its high dielectric constant, lack of fatigue or
aging problems in the working range, good thermal sta-
bility and high compatibility with device processes [2].

Strontium titanate is a promising compound,
proving its usefulness in a wide range of applications.
It can be used as a grain boundary barrier layer capac-
itor, oxygen-gas sensor, substrate for the epitaxial
growth of a high temperature superconductor thin
film and as a catalyst. SrTiO3 also has superconduc-
tivity when a small amount of electron carriers are
added by oxygen vacancies [3].

The general formula of the ideal perovskite
structure is ABO3 and has a face-centered cubic struc-
ture. The larger A cation is placed in a twelvefold-ox-
ygen-coordinated site and the smaller B cation pres-
ents a sixfold-oxygen-coordination, occupying the
center of an octahedron, in whose vertices are located
six oxygen atoms [4]. In the present study, the Co2+

introduction leads to the replacement of sixfold-oxy-
gen coordinated Ti4+ ions by Co2+ ions. An important
point is the use of a network modifier (Co2+) replacing
Ti4+, which is a network former.

Experimental

The polymeric precursor method was firstly described
in 1967 by Pechini [5], and it has been successfully
used to synthesize polycation oxides, either as pow-
ders [6] or as thin films [7]. This process is based on
the polymerization of a metallic citrate with the use of
a polyhydroxy alcohol, such as ethylene glycol. A
hydrocarboxylic acid is used to chelate the cations in
an aqueous solution. The addition of ethylene glycol
leads to the organic ester formation. The polymeriza-
tion, promoted upon the heating of the mixture, results
a homogeneous resin, in which the metal ions are uni-
formly distributed throughout the organic matrix [8].

In the syntheses, the following reagents were
used: citric acid (Vetec), ethylene glycol (Synth), co-
balt nitrate (Aldrich), strontium acetate (Riedel) and
titanium isopropoxide (Hulls-Ag).

Titanium citrate was prepared as previously de-
scribed. The scheme of powder synthesis is described
in Fig. 1. SrCoxTi1–xO3 (x=0 to 0.2) was obtained us-
ing a 3:1 citric acid:metal molar ratio, in order to
guarantee the metal chelation. A 60:40 mass ratio of
citric acid:ethylene glycol was used [9].

Powder precursors were analyzed by differential
thermal analysis (DTA) and thermogravimetry (TG).
After the final heat treatment between 500 to 1000ºC
for different series of samples, the powders were evalu-
ated using X-ray diffraction (XRD) and infrared spec-
troscopy (IR). DTA analysis (DTA-50 – Shimadzu)
was performed with 5 mg samples and at a heating rate
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of 10 K min–1 up to 1000ºC, in air atmosphere. TG
analysis was carried out at a heating rate of 10 K min–1

up to 950ºC. X-ray diffraction (D-500 – Siemens) was
performed with the monochromatic K�Fe radiation

(wavelength of 1.7393 Å). The data were obtained
with 1.0 s step times and the step size was 0.020° (2�)
from 30–100°. The unit cell parameters were calcu-
lated using the Rede 93 program [10], developed at the
Instituto de Química of Unesp, at Araraquara, SP,
Brazil. Infrared analysis (MB series – Bomem) was
done in the range of 400–2000 cm–1, using KBr pellets.

Results and discussion

TG and DTG curves of the SrCoxTi1–xO3 (x=0 to 0.2)
powder precursors are shown in Figs 2a and b. The
DTG peak temperatures are marked with Tp. The mass
loss below 200ºC, is due to the loss of water and ad-
sorbed gases (Tp1). Above this temperature, the mass
loss corresponds to the decomposition of the organic
substance (Tp2, Tp5). For the Co–Ti system, a decrease
in mass loss and in the final decomposition tempera-
ture with increasing amount of Co can be seen.

DTA curves (Fig. 2c) indicate exothermic transi-
tions, showing the liberation of a great amount of en-
ergy during the polymeric precursor method. The large
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Fig. 1 Scheme of the synthesis of SrCoxTi1–xO3 powders by
the polymeric precursor method

Fig. 2 a – TG, b – DTG and c – DTA curves of SrCoxTi1–xO3 (x=0 to 0.2) samples



portion of organic matter used, undergoes an exother-
mic combustion reaction, associated to the oxidation of
the carbonic chains. The consecutive decomposition
steps are probably related to the combustion of differ-
ent functional groups which are present in the polyes-
ter resin and decompose at different temperatures.

In the IR spectra (Figs 3a and b), three vibrations
bands can be observed for strontium titanate (Fig. 3a).
The first is a wide one, corresponding to the titanium
oxide, located between 557 and 780 cm–1. The bands
at around 860, 1444 and 1652 cm–1 are related to car-
bonates [11]. As the temperature of heat treatment in-
creases it is noticed that the carbonate vibrations de-
crease. On the contrary, the band representative to the
metal–oxygen bond is much more pronounced as it is
indicated by the vibration peak at 564 cm–1 (Fig. 3b).
On the other hand, the SrTiO3 sample does not present
carbonate bands at 1000ºC, while these bands are
present for samples with cobalt addition, indicating
that cobalt carbonate is probably present in the mate-
rial. This is probably due to the difficulty in replacing
Ti4+, which is a network former, by Co2+, which is a
network modifier. As the intensity of the carbonate
band does not increase with cobalt addition, it seems

that a part of Co2+ probably incorporates into the
SrTiO3 lattice, substituting Sr2+.

Figures 4a and b show the X-ray diffraction pat-
terns of the pure SrTiO3 and of the SrCoxTi1–xO3

(xCo=0, 0.10, 0.15 and 0.20) systems, respectively. In
Fig. 4a, the effect of the heat treatment on the struc-
ture of pure SrTiO3 can be seen, whereas Fig. 4b illus-
trates the effect of increasing Co-substitution on the
structure of SrCoxTi1–xO3. Disregard of the tempera-
ture of heat treatment as well as the amount of Co2+

(xCo) added, the samples exhibited a single phase.
Analyzing the data of the XRD diffraction pat-

terns, the lattice parameters of SrCoxTi1–xO3 could be
calculated, by using of the Rede 93 program. Figure 5
presents those lattice parameters vs. Co-substitution
(xCo) and the temperature of the treatment. The vol-
ume of the unit cell, for the SrTiO3 phase is
of 59.55 Å3, according to JCPDS 35-734 file. This is
not substantially different from the unit cell volume
of 59.547 Å3, calculated from experimental data.
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Fig. 3 a – Infrared spectra of SrTiO3 powder precursor heat
treated at different temperatures, b – infrared spectra of
SrCoxTi1–xO3 (x=0 to 0.2) systems after heat treatment
at 1000ºC

Fig. 4 a – XRD patterns of SrTiO3 treated at different
temperatures, b – XRD patterns of SrCoxTi1–xO3

(x=0 to 0.2) heat treated at 1000°C



Lattice parameter results indicate that no mean-
ingful change occurs when xCo was 0.05 and 0.10.
This indicates that cobalt is not introduced within the
SrTiO3 lattice, probably due to cobalt carbonate for-
mation, as indicated by the infrared spectra. When xCo

was 0.15 and 0.20, the lattice parameter decreased.
Since the intensity of the carbonate band does not in-
crease with the cobalt concentration (Fig. 3b), it
means that at the above mentioned concentrations co-
balt replaces titanium in the lattice. As it was stated
before, this is probably due to the difficulty of replac-
ing Ti4+, which is a network former, by Co2+, which is
a network modifier.

Since the ionic radius of Co2+ (0.74 Å) is larger
than that of Ti4+ ion (0.61 Å) [12], the decrease of the
lattice parameter is probably related to the ionic de-
fects. It should be taken into account that the substitu-
tion of Ti4+ with Co2+ may lead to the formation of ox-
ygen vacancies. Defect formation is described in
Eq. (1), using Kröger–Vink notation [13].

CoO Co V OSrTiO
Ti 0 0

x3� ��� �� � �
�� (1)

Conclusions

The aim of this work was the synthesis and character-
ization of SrCoxTi1–xO3 (x=0 to 0.2) powders, pre-
pared by the polymeric precursor method. The TG
curves of the powder precursors indicate that the mass
loss below 200ºC is due to the loss of water and over
this temperature, the mass loss corresponds to the de-
composition of the organic substance. When xCo was

higher than 0.1, a decrease in the decomposition tem-
perature of the powder precursors was observed. It is
related to the interaction of the metal with the poly-
meric chain and to the size of the polymeric chain in
each sample. The IR analyses showed vibration bands
corresponding to titanium oxide as well as bands as-
signed to carbonates. By means of XRD analyses, a
decrease in the lattice parameter was observed in case
of the highest substitution with Co2+. This is probably
due to the formation of defects in the crystalline struc-
ture. As the intensity of carbonate band does not in-
crease together with the cobalt concentration, this in-
dicates that cobalt replaces titanium in the lattice for
higher substitution values (xCo=0.10 and 0.20). For
low substitution levels, Co2+ is probably present in the
form of carbonates.
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Fig. 5 Lattice parameters of the SrCoxTi1–xO3 (x=0 to 0.2)
system, heat treated at different temperatures


