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Nanosized LaCoO3 cobaltite oxide powder with perovskite structure was successfully
synthesized at a relatively low calcination temperature using an amorphous heteronuclear
complex, LaCo(DTPA)·6H2O, as a precursor. The precursor decomposed completely into
cobaltite oxide above 400 ◦C according to the DTA and TGA results. XPS revealed that the
decomposed species was composed of LaCoO3 cobaltite oxide after the precursor was
calcined at 500 ◦C for 2 hours. XRD demonstrated that nanosized LaCoO3 crystalline powder
with perovskite structure was formed after the calcination temperature increased to 600 ◦C.
The grain size and the crystal size of LaCoO3 increased with the calcination temperature
from 500 ◦C to 800 ◦C, and the heat-treatment time has a less obvious effect on the grain
size and the crystal size. It is a useful way to synthesize nanosized perovskite oxides using
an amorphous complex as a precursor. This method can be easily quantitatively controlled.
C© 2000 Kluwer Academic Publishers

1. Introduction
Perovskite oxides have caused great interests and have
been widely studied for their various properties and
application in the recent decades. They can be used as
superconductors, and the critical temperature decreases
linearly with increasing A-site disorder, as quantified by
the variance in the distribution of A-site cation radii.
The critical temperature is also very sensitive to lattice
strains [1]. (RE)CoO3 perovskites have a variety of the
magnetic and electrical characteristics. They show a
semiconductor behavior below the room temperature
[2, 3]. The catalytic properties of perovskite oxides also
make them effective in various oxidation and reduction
reactions [4]. They have been considered as a promising
substitute of the classical Pt/Rh-based catalysts applied
in the automotive pollution control [5–7]. In addition,
perovskite oxides are also a good electrode material for
secondary batteries and fuel batteries [8, 9].

Different preparation methods of the perovskite
oxides result in different physical or even chemi-
cal properties of these materials. These methods in-
clude co-melting, freeze-drying, spray-drying, precip-
itation, Sol-Gel,et al. [10, 11]. It has been reported
that the catalytic activity of some materials prepared
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by different methods has the following sequence:
freeze-drying>spray-drying>precipition [12]. Nano-
sized particles and thin films are not easily obtained
by the traditional methods. It has been shown that the
co-melting method by solid state reaction need a tem-
perature as high as about 1050◦C. It is difficult to syn-
thesize nanosized materials by this method. Sol-Gel
method has been widely used to prepare nanosized ma-
terials, but its application is limited by the stability of
its precursor system and it is difficult to control the
chemical composition of complicated oxides [13].

In this paper, a new preparation method was estab-
lished using an amorphous heteronuclear complex as
a precursor to prepare the nanosized perovskite oxide
LaCoO3. The crystalline phase with perovskite struc-
ture was obtained after the precursor was calcined at
600◦C for 1 hour. The particle size and crystal size in-
creased with the calcination temperature and time. It is
proved that the heteronuclear complex can decompose
and form oxides at relatively low temperature compared
with the traditional methods. It is much easier to prepare
complicated oxides using complex precursors because
they can be synthesized more easily and the chemical
composition can be controlled more quantitatively.
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2. Experimental
2.1. The synthesis of LaCo(DTPA)·6H2O

precursor
Firstly, NaOH solution with 1.0 mol/l concentration
was added in drops into the mixture solution of
La(NO3)3 and CoCl2 to prepare the fresh La(OH)3
and Co(OH)2 depositions. Then, Diethylenetriamine-
pentaacetic acid (H5DTPA) with calculated molar ratio
was mixed with these fresh La(OH)3 and Co(OH)2 in
water to synthesize the complex precursor. The mixture
was stirred and heated to 80◦C to promote the reaction
of the mixture. After the mixture became a transpar-
ent solution, it was vaporized slowly at room tempera-
ture until a piece of transparent glasslike material was
formed. The precursor was obtained after the solution
was dried completely. The result of element analysis
showed that the possible formula of the precursor was
LaCo(DTPA)·6H2O. XRD pattern demonstrated that
the complex precursor was amorphous.

2.2. The preparation of LaCoO3 cobaltite
compound

The LaCoO3 cobaltite oxide was prepared by decom-
posing the precursor in air. At first, the temperature was
raised to 300◦C at a slow heating rate (6◦C/min). The
temperature was maintained for 90 minutes to promote
the decomposition of organic components. Then, the
temperature increased to various pre-set temperature
and maintained for a definite period of time to promote
the formation of cobaltite oxide.

2.3. Experimental techniques
XRD experiments were carried out in Rigaku DMAX-
2400 diffractometer with Cu Kα radiation. The grain
size was measured using Hitachi H-800 Transmission
Electron Microscopy (TEM). The accelerating voltage
of electron beam was 200 kV. TGA and DTA anal-
ysis were performed on a Dupond 1090 thermal an-
alyzer. The atmosphere was air, and the heating rate
was 10◦C/min. The XPS spectra were measured in a
PHI 5300 ESCA system. A Al Kα X-ray source with
a power of 250 W was used. The pass energy of the
analyzer was set at 37.25 eV and the base pressure of
the analysis chamber was better than 4× 10−8 torr. The
charge effect was calibrated using the binding energy
of C 1s [14].

3. Results and discussion
3.1. The thermal decomposition
The results of TGA and DTA for LaCo(DTPA)·6H2O
complex are shown in Fig. 1. The change of residual
weight with temperature was shown by the solid curve
and the thermal change with temperature was shown
by the dot curve. The dash curve showed the differ-
ential of the weight loss. With the temperature rising,
three weight loss regions were observed in the solid
curve. According to the quantitative calculation of the
weight loss in each region, the thermal decomposi-
tion processes were distinguished as followings. The
weight loss region from 20◦C to 90◦C resulted from

Figure 1 The TGA and DTA spectra of LaCo(DTPA)·6H2O precursor.

the loss of coordinated water. The region of weight loss
from 90◦C to 340◦C was attributed to the decomposi-
tion of hydrocarbon and amino-group organic compo-
nents. The strong weight loss region from 343.8◦C to
370◦C was attributed to the decomposition of carboxyl
cobalt group and carboxyl lanthanum group. No further
peak or weight loss appears thereafter, indicating that
all organic components have been eliminated. The de-
composition temperature of carboxyl cobalt group and
carboxyl lanthanum group was very close, which may
be helpful for the formation of cobaltite oxide. Two
exothermic peaks were observed on the DTA curve.
The peak at 366.5◦C was attributed to the decomposi-
tion of carboxyl cobalt and carboxyl lanthanum group.
The peak at 401.3◦C was very strong, and no weight
loss was corresponded to it, implying that this peak re-
sulted from the formation of LaCoO3 cobaltite oxide.
The results above suggest that LaCoO3 oxide can be
formed below 500◦C by decomposing an amorphous
complex of LaCo(DTPA)·6H2O.

3.2. The crystallization of LaCoO3
compound

The influence of the calcination temperature on the
formation of LaCoO3 crystalline phase has been in-
vestigated using XRD. The XRD patterns of LaCoO3
samples calcined at different temperature are shown in
Fig. 2. After the precursor was calcined at 500◦C for
2 hours, the XRD pattern showed that the sample was
still amorphous. Several sharp peaks were observed af-
ter the precursor was calcined at 600◦C for 2 hours. Ac-
cording to the XRD standard spectra of LaCoO3 crystal,
these peaks were attributed to the pure perovskite-type
LaCoO3 crystal. This result indicated that LaCoO3 with
pure perovskite structure can be synthesized by this way
at 600◦C. With the calcination temperature rising, the
peak intensified significantly and some peaks even split
in half. The peaks of perovskite also became sharper
with the annealing temperature. This can be explained
that the crystalline phase of LaCoO3 became more per-
fect with the calcination temperature.
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Figure 2 The XRD patterns of samples calcined at different temperature
for 2 hours.

The influence of calcination time on the formation
of LaCoO3 crystalline phase was also studied by XRD.
As it was shown in Fig. 3, the perovskite crystalline
phase has formed after the precursor was calcined at
600◦C for 1 hour, accompanied with some tiny peaks
due to some amorphous intermediate (2θ = 29◦). They
disappeared with the increasing of the calcination time.
The peaks of the crystalline phase only became a little
sharper and did not change much with the calcination
time.

The results above indicated that LaCoO3 crystalline
phase can be formed at a relative low temperature
(600◦C) using an amorphous complex as a precursor.
The influence of the calcination temperature is much
more significant than that of the calcination time.

3.3. The identification of LaCoO3 species
The chemical compositions of decomposed samples
have been determined using XPS. The spectra of Co
2p in the decomposed samples calcined at 500◦C and
600◦C for two hours are shown in Fig. 4. The binding
energies of Co 2p3/2 in Co2O3, Co3O4 and CoO oxides
were 779.6, 779.8 and 780.4 eV, respectively [14]. The
binding energies of Co 2p3/2 in the samples decom-
posed at 500◦C and 600◦C were 779.1 and 778.8 eV
respectively, which was lower than that in cobalt oxides.
This result indicated that Co atoms did not exist as sim-
ple cobalt oxides in decomposed samples. Furthermore,
the line shapes of Co 2p in the decomposed samples cal-
cined at 500◦C and 600◦C were different from that in

Figure 3 The XRD patterns of samples calcined at 600◦C for various
time.

Figure 4 The Co 2p spectra of the sample calcined at 500◦C and 600◦C
for 2 hours.

Co3O4. The Co 2p line of these species also exhibited
a satellite band as CoO oxide. It has been shown that
high spin cobalt(II) compounds have intense satellite
bands associated with Co 3s and Co 2p3/2 lines, while
the satellite lines for the low spin cobalt(III) compounds
are either weak or missing [15]. It also has been shown
that the Co 2p spin-orbit splitting is affected by the net
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spin of the cobalt complex. This probably results from
multiplet splitting of the Co 2p lines for the high spin
compounds which in turn, may be responsible for the
broader Co 2p line widths for this compound. Based
on the results of Co 2p, it can be considered that Co
existed as the cobaltite compound in decomposed sam-
ples. It can be concluded from the above results that the
precursor can be decomposed into LaCoO3 compound
even if calcined at 600◦C in air.

The O 1s spectrum consists of two distinct oxygen
peaks. The binding energies are 528.7 eV correspond-
ing to La-O band and 531.4 eV corresponding to Co-O
band respectively. This result shows that there are two
chemical environments of O element in this perovskite
oxide. The lower value is similar with that of La2O3
(528.6 eV) and the other is higher than those in the
simple oxides of CoO (530.1 eV), Co2O3 (529.6 eV),
Co3O4 (530.2 eV) [14]. This implys that O 2p orbit
obtains less electron charges from Co valence orbit in
LaCoO3 than in monoxides.

The binding energies of La 3d in pure La and La2O3
compounds were 835.8 eV and 833.7 eV respectively
[14]. The binding energy of La 3d in decomposed sam-
ple annealed at 600◦C for 2 hours was 833.1 eV. It
showed that La element in the perovskite oxide had
stronger polarization ability and a more remarkable re-
laxation phenomenon. This result suggested that the
decomposed sample was cobaltite oxide. It can be con-
cluded from the above results that the precursor can be
decomposed into LaCoO3 oxide after it is calcinated at
a temperature above 600◦C in air.

3.4. The grain size and crystal size
of LaCoO3 species

The grain size of LaCoO3 compound varied with cal-
cination temperature has been studied using TEM as
shown in Fig. 5. The grain edge of the sample calcined
at 500◦C for 2 hours was a little dim as Fig. 5a showed.
It indicated that the sample was still amorphous at this
temperature. This result agreed with that obtained by
XRD. The photos also showed that the grain size was
homogenous and fairly small when the sample was ob-
tained at a lower calcination temperature such as 600◦C
(Fig. 5b) and 700◦C. The grain sizes grew quickly af-
ter the precursors were calcined at a much higher tem-
perature. It showed in Fig. 5c that the grain size was
much bigger after the sample was calcined at 800◦C for
2 hours. The dependence of the average grain size on
the heat-treatment time was also investigated at 600◦C.
The TEM photos show that the heat-treatment time has
a less obvious effect on the grain size of the powder.
The samples calcined for 1 hour (Fig. 5d), 2 hours and
4 hours (Fig. 5e) separately have the similar grain size.
Even when the sample was calcined for 6 hours, the
grain size didn’t change too much. But it began to
gather. After it was calcined for 8 hours, it resulted
in the formation of coarse aggregation (Fig. 5f).

The activation energies of the grain size and crystal
size growth can be calculated according to the Burke
equation:D2−D2

0= K0tn exp(−Q/RT) [16]. D is the
grain or crystal size after calcined;D0 is the origi-

TABLE I The dependence of grain sizes and crystal sizes on the cal-
cination temperature which were determined from TEM photos and de-
rived from XRD patterns

Temperature/◦C,
for 2 hours 500◦C 600◦C 700◦C 800◦C 900◦C

Average grain 15–20 20 25 100–150 200
size, Dg/nm

Average crystal Amorphous 15.3 18.6 23.7 32.8
size, Dc/nm

TABLE I I The dependence of grain sizes on the heat-treatment time
determined from TEM photos and the crystal sizes derived from XRD
patterns

Heat-treatment time/h, 600◦C 1 4 6 8

Average grain size, Dg/nm 10–15 15–20 20–25 25–30
Average crystal size, Dc/nm 9.65 13.0 13.7 13.7

TABLE I I I The specific surface areas measured by BET

500◦C, 800◦C, 600◦C, 600◦C, 600◦C,
Sample 2 h 2 h 1 h 4 h 6 h

Specific 19.34 3.77 17.86 15.41 14.90
surface
area/m2·g−1

nal size;K0 is a constant.t is the calcination time; 2
hours;n is the time index, 1. It can be deduced that:
ln D= A − Q/(2RT), A= ln 4K0/2. There exists a
linear relationship between lnD and 1/T . The slope
is (−Q/2R). It was obtained that the activation en-
ergy of the grain size growth was 96.75k·mol−1 and
the activation energy of the crystal size growth was
42.44 kJ·mol−1.

The average crystal sizes can be determined from
the XRD pattern parameters according to the Scherrer
equation: Dc= Kλ/β cosθ . Dc is the average crystal
size,K is the Scherrer constant equal to 0.89,λ is the
X-ray wavelength equal to 0.1542 nm, andβ is the full
width at half-maximum (FWHM) andθ is the diffrac-
tion angle [11]. The results are both shown in Tables I
and II. It reveals that the calcination temperature has a
significant influence on the average crystal size, while
the crystal size does not change too much with the cal-
cination time at 600◦C.

The specific surface areas of some samples were
measured by BET method. The results are listed in
Table III. The sample calcined at 500◦C for 2 hours
had a larger specific surface area because the sample ex-
isted as amorphous and the grain size was smaller. With
the rising of the calcination temperature, the specific
surface area decreased significantly. These results also
indicated that the specific surface area became smaller
with the rising of the calcination time, as well as with
the rising of the calcination temperature. The change
of the specific surface area was relative with that of
grain size and the crystal size. It obviously showed that
the larger the grain size and crystal size the smaller the
specific surface area.
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(a) (b)

(c) (d)

(e) (f)

Figure 5 The TEM photos of the calcined samples. (a) The sample calcined at 500◦C for 2 hours (100,000 times); (b) The sample calcined at 600◦C
for 2 hours (100,000 times); (c) The sample calcined at 800◦C for 2 hours (100,000 times); (d) The sample calcined at 600◦C for 1 hour (100,000
times); (e) The sample calcined at 600◦C for 4 hours (100,000 times); (f) The sample calcined at 600◦C for 8 hours (100,000 times).
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4. Conclusions
(1) Nanosized LaCoO3 cobaltite oxide was syn-
thesized using amorphous heteronuclear complex
LaCo(DTPA)·6H2O as a precursor at a relative low
calcination temperature. To form perovskite crystalline
phase of LaCoO3, the calcination temperature should
be higher than 600◦C. This work proved it was an ef-
fective method to synthesized nanosized LaCoO3 oxide
using amorphous heteronuclear complex as a precursor.

(2) The grain size is in nano-scale if the precursor
is calcined at relatively low calcination temperature.
The grain size grows dramatically with the calcination
temperature above 800◦C and also increases with the
calcination time.
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