
5TH BRAZILIAN MRS MEETING

Lanthanum-based perovskites obtained by the polymeric
precursor method
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Elson Longo Æ Iêda Maria Garcia Santos Æ
Antonio G. Souza

Received: 22 December 2006 / Accepted: 21 March 2007 / Published online: 28 June 2007

� Springer Science+Business Media, LLC 2007

Abstract Cobalt oxides, specially the ones with perov-

skite structure, are of a high technological interest, due to

their interesting optical, electrical and magnetic properties.

La1 – xCaxCoO3 powder samples were synthesized by the

polymeric precursor method, with x varying from 0 to 0.4.

The powder precursors were characterized by TG/DTA,

XRD and IR. The TG curves showed several thermal

decomposition steps; the first one is ascribed to the loss of

water and the remaining steps are related to the combustion

of the organic matter. The XRD patterns indicated only the

presence of the perovskite phase. Moreover, the structure

changes from rhombohedral to cubic, as calcium is added

to the perovskite and the calcination temperature increases.

Introduction

The interest in studying ceramic oxides with perovskite

structure has been motivated by their interesting optical,

electric and magnetic properties [1]. These materials can be

applied as gas sensors, thermal electric batteries, chemical

sensors, fuel cells and also as catalysts in the reactions of

CO oxidation, CO and NOx decomposition and the com-

bustion of methane and propane [2–4]. The properties of

these oxides strongly depend on the synthesis method [4].

The ideal perovskite structure presents the ABO3 stoi-

chiometry, with a cubic close-packing. In the perovskites,

the larger and more ionic A cation is coordinated by 12

oxygen ions, whereas the smaller and more covalent B

cation is coordinated by 6, displaying an octahedral

geometry [5, 6]. However, this structure is frequently dis-

torted, leading to tetragonal, orthorhombic and rhombo-

hedral structures [1].

The interest in the LaCoO3 perovskite is due to the high

electronic and ionic conductivity, when divalent cations

substitutes for La [7]. Much attention has been paid to

lanthanum perovskites (LaMO3, in which M=Co or Mn),

due to their high catalytic activity and thermal stability in

the hydrocarbon oxidation reactions. These perovskites

even achieve activities as high as the ones from noble

metal catalysts. The Ca substitution for La, in the 12-fold

oxygen-coordinated A sites, does not alter the fundamental

perovskite structure [1]. Such substitution leads to oxygen

vacancies and/or stabilizes the uncommon 3+ valence of

the cation occupying the B octahedral sites [8, 9],

enhancing the system catalytic properties.

In the present work, LaCoO3:Ca perovskites were syn-

thesized by the polymeric precursor method. This method

consists in the formation of a chelate of the cations with an

a-hydroxycarboxylic acid, more often citric acid [10].
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Later, a polyhydroxy alcohol, generally ethylene glycol, is

added. Upon heating, the polyesterification reaction takes

place. A primary heating in an oxydizing atmosphere at

about 250–300 �C produces the so-called powder precur-

sor. The heat treatment of the powder precursor at an

adequate temperature yields a ceramic powder, with a

higher quality than the powders synthesized by solid state

reaction [11]. At the relatively low temperature used in

such method, other synthesis methods produce low crys-

tallinity powders, displaying secondary phases [12]. The

polymeric precursor method presents also other advantages

such as good homogeneity, good stoichiometric control and

good control of the particle morphology [11, 13, 14].

Experimental

La1 – xCaxCoO3 powder samples were synthesized by the

polymeric precursor method, with x = 0, 0.2 and 0.4. In the

synthesis, the following reagents, with purities ranging

from 98 to 99.9%, were used: citric acid (Cargill), lan-

thanum nitrate (Sigma), calcium nitrate (Vetec), cobalt

nitrate (Vetec) and ethylene glycol (Vetec). The synthesis

procedure is described in Fig. 1, in which a 3:1 citric acid

to metal molar ratio was employed. A mass proportion of

60% citric acid to 40% ethylene glycol was used.

The TG and DTA analyses of the powder precursors

were performed in a SDT 2960 TA Instruments analyzer,

with a heating rate of 10 �C min–1 up to 900 �C, in a

synthetic air atmosphere, using alumina crucibles.

The La1 – xCaxCoO3 samples were characterized by X-ray

diffraction in a D-5000 Siemens diffractometer, with a step

size of 0.03� and step time of 1 s, using the CuKa radiation

(k= 1.54060 Å) and 2h values ranging from 20 to 80�.

The FTIR spectra were obtained in the range from 2,000

to 400 cm–1. The samples were previously pressed in KBr

and analyzed in a MB 102 Bomem spectrophotometer.

Distilled water Citric acid

Lanthanum nitrate Cobalt nitrate

Thermal analysis ( TG/ DTA) Secondary calcination at 700,
800 and 900 °C for 4 h

Polymeric resin

Ethylene glycol

Characterization by XRD and IR

Calcium nitrate

Powder precusor

Heating at 70 ºC

Polymerization at   120 ºC

Primary calcination at 300 ºC/2 h

High energy milling for 4 h, in alcohol

De-agglomeration (100  mesh)

≅

≅

Fig. 1 Flowchart for the synthesis of the La1 – xCaxCoO3 samples,

using the polymeric precursor method
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Fig. 2 TG and DTA curves of the La1 – xCaxCoO3 powder precur-

sors. (a) LaCoO3, (b) La0.8Ca0.2CoO3 and (c) La0.6Ca0.4CoO3
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Results and discussion

The TG and DTA curves of the La1 – xCaxCoO3 precursors

are presented in Fig. 2a–c, and the thermoanalytical results

are summarized in Table 1. In most samples, the thermal

decomposition occurs in five steps. In all samples, the first

step takes place below 200 �C and presents a small mass

loss, ascribed to the loss of water and some adsorbed gases.

Generally, the other steps are associated to the combustion

of the organic matter.

The TG curve related to the La0.6Ca0.4CoO3 sample

presents a sixth thermal decomposition step, which is re-

lated to the presence of carbonates. At about 800 �C, a

small mass loss is observed, probably related to the car-

bonate decomposition [12].

All the DTA curves display a main exothermic peak, in

the region from 300 to 340 �C, ascribed to the combustion

of the organic matter, associated to the polymeric precursor

method. For the Ca-free sample, a small shoulder is noticed

at 352 �C, probably related to the residual carbon [12]. A

similar behavior was observed for the samples with the Ca

substitution for La, but in this case well defined peaks are

noticed: one peak at 382 �C for La0.8Ca0.2CoO3 and two

peaks at 367 and 489 �C for La0.6Ca0.4CoO3. This second

peak is assigned to the decomposition of refractory organic

material.

The XRD patterns are presented in Fig. 3. The majority

of the XRD patterns only indicated the presence of the

perovskite phase, with cubic or rhombohedral structure,

according to JCPDS files 01-075-0279 and 01-084-0848,

respectively. The exception was the La0.6Ca0.4CoO3 sam-

ple, heat treated at 700 �C, which also presented peaks

assigned to calcite. At higher temperatures, the calcite

Table 1 Temperature and mass losses determined by TG

Step Ti (�C) Tp (�C) Tf (�C) Mass loss (%)

LaCoO3 1st 28 88 175 8.6

2nd 175 277 286 9.4

3rd 286 305 340 28.4

4th 340 357 530 9.7

5th 530 584 656 2.4

La0.8Ca0.2CoO3 1st 57 90 198 6.7

2nd 217 298 308 11.3

3rd 308 326 353 27.8

4th 353 382 517 15.2

5th 566 595 652 1.7

La 0.6Ca0.4CoO3 1st 44 87 155 5.9

2nd 223 296 305 10.1

3rd 305 322 342 23.5

4th 342 368 472 12.9

5th 472 488 538 3.5

6th 584 615 689 2.8

7th 877 – 933 0.2

Ti = initial temperature, Tp = peak temperature, Tf = final tempera-

ture
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Fig. 3 XRD patterns of the La1 – xCaxCoO3 samples, heat treated at

700, 800 and 900 �C, (a) LaCoO3, (b) La0.8Ca0.2CoO3 and (c)

La0.6Ca0.4CoO3
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peaks disappear, due to the carbonate decomposition, as

pointed out by the thermogravimetric data.

Thus, the use of the polymeric precursor method was

successful in the synthesis of single phase La1 – xCaxCoO3

samples. According to Orlovskaya et al. this is a difficult

synthesis, and the presence of secondary phases is usual,

altering the material properties [7].

The LaCoO3 powder samples presented rhombohedral

structures at all heat treatment temperatures. Higher heat

treatment temperatures and associated to higher calcium

additions led to the stabilization of the cubic structure, as

shown in the XRD patterns, in agreement with Orlovskaya

et al. [15]. This result is confirmed by the deconvolution

curves of the XRD patterns, after calcination at 700 �C

(Fig. 4). The bifurcation of the peak placed at around 70� is

characteristic of the rhombohedral phase—this behavior is

observed in all samples with rhombohedral structure. On

the other hand, this bifurcation was not observed in the

sample La0.6Ca0.4CoO3 calcined at 900 �C, indicating that

a cubic phase is present.

The lattice parameters of the perovskites were calcu-

lated from the X-ray diffraction patterns using the Rede 93

program, developed by Paiva Santos et al. [16]. Based on

XRD patterns, the values of full width at half maximum

(FWHM) and lattice parameters were calculated, and are

depicted in Table 2. Most of the results of the present work

agree with the data of the JCPDS file, which are:

a = b = c = 5.37780 Å and a = b = c = 60.80�, for the

rhombohedral structure and a = b = c = 3.82000 Å and

a = b = c = 90�, for the cubic structure. It may be ob-

served that, in the present work, the rhombohedral samples

present angles close to 90�, tending to the cubic structure,

thus indicating that a higher long range order occurs, with a

more symmetric structure.

The LaCoO3 sample presented the highest FWHM va-

lue, indicating the lowest long range order. Upon the cal-

cium addition, a higher short range disorder occurs, as two

different cations occupy the same 12-fold oxygen-coordi-

nated sites. The defects formed are presented in Eq. 1. It

may be observed that 11-fold oxygen-coordinated Ca2+

polyhedra are formed, besides the usual 12-fold

oxygen-coordinated Ca2+ polyhedra. As a consequence,

ordered–disordered phases are formed, with two types of

coordination for the calcium ions, with the formation of

clusters. Moreover, oxygen vacancies can occur in three

different charge states: the CaO11 � Vx
O

� �
complex

state, which

has captured electrons and is neutral relative to the lattice

(donor state), the CaO11 � V��O

� �
complex

state, which did not

trap any electron and is doubly positively charged with

respect to the lattice (acceptor state) and the singly ionized

CaO11 � V�O
� �

complex
state (donor or acceptor state). There-

fore, most of the oxygen vacancies are vacancy complexes

in ordered–disordered structure. As a consequence of this

ordered–disordered structure, the system tends to a higher

(a)
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(b) Fig. 4 Examples of

deconvolution of the XRD

patterns of the sample

La0.6Ca0.4CoO3 heat treated at:

(a) 700 �C and (b) 900 �C

Table 2 Lattice parameters and

FWHM values of the system

La1 – xCaxCoO3

a = b = c (Å) a = b = c (�) FWHM (�) Diffraction plane for the

calculation of the FWHM values

LaCoO3 700 �C 5.381 89.511 0.69 (–1 10) and (1 1 2)

800 �C 5.383 89.512 0.62 (–1 10) and (1 1 2)

900 �C 5.383 89.512 0.66 (–1 10) and (1 1 2)

La0.8Ca0.2CoO3 700 �C 5.352 89.498 0.65 (–1 10) and (1 1 2)

800 �C 5.355 89.499 0.57 (–1 10) and (1 1 2)

900 �C 5.376 89.511 0.61 (–1 10) and (1 1 2)

La0.6Ca0.4CoO3 700 �C 5.357 89.499 0.48 (–1 10) and (1 1 2)

800 �C 3.815 90 0.41 (1 10)

900 �C 3.819 90 0.40 (1 10)
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long range order (lower FWHM values), and the phase

transition from rhombohedral to cubic occurs.

2CaO �!
LaCoO3

2Ca0La þ V��O þ 2Ox
O

CaO11 � Vx
O

� �
c
þ CaO12½ �xc ! CaO11 � V�O

� �
c
þ CaO12½ �0c

CaO11 � Vx
O

� �
c
þ LaO12½ �xc ! CaO11 � V�O

� �
c
þ LaO12½ �0c

CaO11 � V�O
� �

c
þ CaO12½ �xc ! CaO11 � V��O

� �
c
þ CaO12½ �0c

CaO11 � V�O
� �

c
þ LaO12½ �xc ! CaO11 � V��O

� �
c
þ LaO12½ �0c

ð1Þ

where c = complex.

In relation to temperature, the highest long range order

was noticed for the heat treatment at 800 �C, decreasing for

higher and lower temperatures. At 700 �C, the system is not

fully organized and amorphous phase may still be present. At

800 �C, a high crystallinity is observed, with low amount of

defects. At 900 �C, a reduction of Co3+ to Co2+ occurs,

leading to the formation of defects, as presented in Eq. 2.

2CoO �!
LaCoO3

2Co0Co þ V��O þ 2Ox
O

CoO5 � Vx
O

� �
c
þ CoO6½ �xc ! CoO5 � V�O

� �
c
þ CoO6½ �0c

CoO5 � V�O
� �

c
þ CoO6½ �xc ! CoO5 � V��O

� �
c
þ CoO6½ �0c

ð2Þ

where c = complex.

As in the previous case, two different Co polyhedra are

observed, a 5-fold oxygen-coordinated and a 6-fold

oxygen-coordinated polyhedra. As a consequence, most of

the oxygen vacancies are vacancy complexes in ordered–

disordered structure and three different charge states may

be observed: CoO5 � Vx
O

� �
complex

, CoO5 � V�O
� �

complex
and

CoO5 � V��O

� �
complex

: In this case, the decrease in the sym-

metry is smaller than in calcium substitution, indicated the

influence of this decrease in short range symmetry also

influences the long range symmetry. Thus, for the sample

La0.6Ca0.4CoO3, a transition from rhombohedral to cubic is

observed with the temperature increase—a rhombohedral

structure was observed at 700 �C, whereas at 900 �C, the a
values increase, approaching 90� and a cubic structure was

noticed. It is no surprise that this sample displays the

lowest FWHM values.

The sample La0.8Ca0.2CoO3 displayed a FWHM which is

not significantly different of the sample LaCoO3. Thus for

these samples, a small decrease in long range order occurs.

As a consequence of defect formation, LaCoO3 and

La0.8Ca0.2CoO3 maintain the rhombohedral structure for

the three calcination temperatures, whereas the sample

La0.6Ca0.4CoO3 is rhombohedral at 700 �C and cubic at

higher temperatures.

The infrared spectra of the La1 – xCaxCoO3 samples,

heat treated at 700, 800 and 900 �C, are presented in Fig. 5.

Bands related assigned to the metal-oxygen bond are ob-

served at 600 and 480 cm–1 [17]. One band was observed

at about 1,100 cm–1, indicating the presence of hydroxo

groups on the surface of the material. According to

Nakamoto [18], the hydroxo group can be distinguished

from the aquo group, since the former lacks the HOH

bending mode near 1,600 cm–1. Furthermore, the hydroxo

complex exhibits the MOH bending mode below

1,200 cm–1. Bands assigned to ester are also observed,
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Fig. 5 Infrared spectra of the La1 – xCaxCoO3 powder samples, heat

treated at 700, 800 and 900 �C. (a) LaCoO3, (b) La0.8Ca0.2CoO3 and

(c) La0.6Ca0.4CoO3
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being located at about 1,620 and 1,520 cm–1, the first peak

is assigned to m(C=O), while the second is ascribed to

m(COO–). The intensity of the ester (COO–) bands

decreases with the temperature increase. According to

Nakayama et al. [17], carbonate bands are also observed, at

1,090 and 860 cm–1, for samples calcined at 700 �C. The

intensity of this band is higher for the system with 40% of

calcium, which also presented carbonate peaks in XRD

patterns. These carbonate bands also disappear with the

temperature increase. These results are in agreement with

the TG/DTG curves.

It should be observed that the bands related to metal-

oxygen bonds broaden when calcium is added to the

perovskite. This is related to the decrease in the short range

order, as previously commented.

Conclusions

The polymeric precursor method was successfully used for

the synthesis of single phase La1 – xCaxCoO3 powders, at a

relatively low temperature.

At 700 �C, carbonates were also observed, being

decomposed at higher temperatures, leading to the presence

of only the perovskite phase. Two different types of

perovskite were obtained, rhombohedral and cubic,

according the order–disorder structure formed in the

material. Higher heat treatment temperatures and high

calcium addition led to the stabilization of the cubic

structure, due to the long range order–disorder structure. As

a consequence, the samples LaCoO3 and La0.8Ca0.2CoO3

maintain the rhombohedral structure for the three calcina-

tion temperatures. Conversely, the sample La0.6Ca0.4CoO3

changes from rhombohedral to cubic, with the increase of

temperature from 800 to 900 �C.
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