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Abstract Sr(Ti,Nd)O3 was synthesized in order to eval-

uate the influence of the amount of neodymium on the

thermal and structural properties of SrTiO3. The synthesis

was carried out using the polymeric precursor method.

A small mass gain was observed for the SrTiO3 and

SrTi0.98Nd0.02O3 samples accompanied by an exothermic

peak in the DTA curves. Other steps at higher temperatures

are assigned to the combustion of the organic material and

carbonate. Elimination of defects by previous calcination

of the precursors is responsible by the short and long range

ordering of the perovskite. Cubic phase was obtained for

undoped and doped SrTiO3.
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Introduction

Strontium titanate single crystal (SrTiO3) shows important

technological interest in the microelectronics industry, due

to its high dielectric constant, good magnetic, ferroelectric

and insulating properties, outstanding wear resistance, high

resistance against oxidation, and high chemical and ther-

mal stabilities [1]. Its structural properties are known to be

temperature dependent, while its electrical, optical and

magnetic properties can be modified by the incorporation

of dopants [2]. SrTiO3 perovskites doped with transition

metal and rare earth ions have attracted much attention due

to the useful properties of luminescence, photochromism

and electronic conduction [3]. Furthermore, perovskite-

structure materials are attractive as host matrices for rare

earth doping because of their applications in integrate light-

emission devices, field emissions display (FEDs), all-solid

compact laser devices operating in the blue–green region

and positive temperature coefficient (PTC) resistors [4].

In relation to its structure at room temperature SrTiO3 is

an ideal cubic perovskite, with lattice parameter a =

3.905 Å, space group Pm3m. The structure consists of

corner-connected TiO6 octahedra. The Ti cations are

placed in the centers of the octahedral, whereas the O2-

anions are situated at their corners. The Sr2? cations lie in

the centers of the cavities formed by the TiO6 octahedra

network and are characterized by 12-fold O-coordination

[5]. Below 105 K it adopts a tetragonal structure with space

group I4/mcm [6].

In this work, samples of the SrTi1-xNdxO3(x =

0;0.01;0.02 and 0.04) system were synthesized in order to

evaluate the influence of the amount of neodymium on the

thermal and structural properties of the system. The synthesis

was carried out by the polymeric precursor method [7],

which presents several advantages such as: chemical

homogeneity of multicomponent compounds at the molec-

ular scale, direct and precise control of stoichiometry in

complex systems at relatively low temperatures and simply

way of manufacturing. Moreover, it has been widely used by

our research group to synthesize various compounds with

different structures [8–11] including SrTiO3 [12].
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Experimental

A titanium citrate solution was initially prepared as pre-

viously described [13]. During the synthesis citric acid was

added to the titanium citrate solution at 90 �C. A 3:1 citric

acid:metal molar ratio was used. After solubilization,

neodymium oxide, Nd2O3 (Merck) and strontium nitrate

(Vetec) were added to the solution, followed by ethylene

glycol (Vetec) addition. A 60:40 citric acid:ethylene glycol

mass ratio was used.

The polymeric resin was calcined at 300 �C for 30 min.

After this first calcination, the powder precursors were

submitted to milling in an alcoholic medium for 4 h in an

attritor type mill. Another calcination was performed in an

oxygen atmosphere at a flow rate of 2 mL min-1, at

250 �C for 12 h. The precursors were de-agglomerated and

calcined in oxygen at 300 �C for 12 h. In each step the

powders were evaluated by using a SDT 2960 model

Simultaneous DTA-TG from TA Instruments. The experi-

ments were carried out from room temperature to 1000 �C

in an air atmosphere with a flow rate of 110 mL min-1,

and at a heating rate of 10 �C min-1. About 10 mg of

samples were weighed in alumina crucibles.

The powder precursors were heat treated in air between

400 and 700 �C for 2 h. The infrared spectroscopy analyses

were performed in a 3100 VARION spectrophotometer. The

spectra using KBr pellets were recorded in the 2000–

400 cm-1 range. The UV–VIS spectra were obtained in a

UV-2550 Shimadzu spectrophotometer in the 190–900 nm

range using reflectance mode. The structural transformations

were evaluated by X-ray diffraction (D-5000 Siemens). The

analyses were obtained with a 0.03� step and a step time of

1.0 s using the CuKa radiation. The sample heat treated at

700 �C was characterized by means of the Rietveld refine-

ment of the XRD patterns. For this sample, the X-ray dif-

fraction data were collected using a Rigaku DMax 2500PC

diffractometer applying 40 kV and 150 mA with Cu Ka
radiation, graphite monochromator and rotary anode. In the

analysis a 2h range from 10 up to 110� in a step-scanning

mode was used, with step width of 0.02� s-1 and fixed time

of 3 s. The divergence slit used was fixed at 1� and receiving

slit at 0.3 mm. The Rietveld refinement for the sample heat

treated at 700 �C was conducted by means of the (GSAS)

package—General Structure Analysis System program of

Larson and Von Dreele [14]. The peak profile function was

modeled using a convolution of the pseudo-Voigt with the

asymmetry function described by Finger [15].

Results and discussion

The thermogravimetric curves are presented in Fig. 1.

Pure and doped SrTiO3 powder precursors had three

decomposition steps, except for the SrTi0.99Nd0.01O3 and

SrTi0.96Nd0.04O3 precursors, which had one more step.

Peaks assigned to the different steps were observed in the

DTA curves (Fig. 2).

The thermogravimetric curves showed the first mass loss

step at low temperatures, being assigned to the elimination

of water and gases adsorbed on the surface of the powders.

Other steps at higher temperatures are assigned to the

combustion of the organic material. Their amounts

increased with the neodymium addition, but when

x = 0.04 they decrease as observed in Table 1.

A small mass gain was observed for SrTiO3 (0.18%) and

SrTi0.98Nd0.02O3 (0.06%) samples at about 583 �C, asso-

ciated with an exothermic peak in the DTA curve. This

kind of transition is usually assigned to oxidation reactions.

In the present work it seems that the Ti4? reduction

occurred at an earlier stage of the thermal treatment leading

to the formation of oxygen vacancies as showed in Eq. 1

written using the Kroger Vink notation [16]. At higher

temperatures, the oxidation of Ti2? took place with oxygen
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Fig. 2 DTA curves of the powder precursors of SrTi1-xNdxO3
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absorption leading to the mass gain associated to the exo-

thermic transition.

TiO! Ti00Ti þ V��O þ Ox
O ð1Þ

The last mass loss step was observed above 600 �C being

associated with an endothermic peak in the DTA curves.

This transition was assigned to the carbonate decomposi-

tion as strontium carbonate is easily formed when organic

material is present. The carbonate decomposition finished

at different temperatures depending on the amount of

dopant; at 782 �C for SrTiO3, 803 �C for SrTi0.99Nd0.01O3,

Table 1 Elimination of organic matter

Sample Second step Third step

DTG peak

temperature

(�C)

Dm

(%)

DTG peak

Temperature

(�C)

Dm

(%)

SrTiO3 464 19.5 – –

SrTi0.99Nd0.01TiO3 487 21.5 599 5.23

SrTi0.98Nd0.02TiO3 448 28.2 – –

SrTi0.96Nd0.04TiO3 475 17.7 577 1.92
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Fig. 3 Infrared spectra of the powder precursor calcined at different temperatures: a 300 �C, b 400 �C, c 500 �C, d 600 �C and e 700 �C
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749 �C for SrTi0.98Nd0.02O3 and 900 �C for SrTi0.96

Nd0.04O3.

The infrared spectra are showed in Fig. 3. The presence

of organic material and carbonates was confirmed by the

bands at 1770, 1580, 1460, 1384, 1070, 860 and 700 cm-1.

The bands at 1580 and 1384 cm-1 were assigned to the

presence of esters [17]. The intensities of these bands

decreased continuously up to 500 �C (Fig. 3c), indicating

that the second and third mass loss steps in TG curves are

due to the combustion of these esters. The bands at 1770,

1460, 1384 (superposed to the ester bands), 1070, 860 and

700 cm-1 were assigned to the presence of carbonates [18,

19]. The decrease in the intensity of these bands only

occurred after calcination at 700 �C (Fig. 3e), confirming

the TG/DTA data. The higher amount of neodymium

doping made the carbonate elimination more difficult. One
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Legend: (*) SrCO3. Peaks that are not indexed are assigned to the perovskite phase
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band assigned to water was observed at 1630 cm-1 for the

neodymium doped samples, after calcination at 500 �C.

The metal-oxygen band was observed below 800 �C.

This band was very broad and with low definition after

calcination at 300 and 400 �C (Fig. 3a, b), indicating that

the samples were short-range disordered. Neodymium

addition favored the short range ordering, after calcination

at 500 �C being possible to observe two broad bands. The

first one between 800 and 550 cm-1 and the second one

below 500 cm-1. A higher definition of these bands was

observed for all samples after calcination at 600 �C

(Fig. 3d).

According to the UV–VIS spectra (Fig. 4), the powders

calcined below 500 �C displayed a small absorption below

3 eV, which disappeared after calcination at 600 �C. This

fact was related to the defect formation. At low tempera-

ture the defects were deeper into the band gap leading to

electronic transitions of smaller energies. When tempera-

ture increased, the defects were eliminated and these

transitions were no longer observed. It seems that these

defects could be oxygen vacancies as suggested in the

thermal analysis results, which showed a mass gain at

583 �C.

An important point in the UV–VIS spectra was the

presence of Nd3? peaks between 1.5 and 2.5 eV. These

peaks were only observed after calcination above 500 �C

probably due to the short range ordering of the NdO6

polyhedra as already observed in the IR spectra.

The XRD patterns (Fig. 5) showed that perovskite only

crystallized above 500 �C. The orthorhombic strontium

carbonate was observed in all temperatures with a decrease

in its intensity after calcination at 700 �C. The Rietveld

results indicated that only 2.9% in mass of SrCO3 was

present at this temperature.

In relation to the perovskite crystallization the cubic

phase was obtained but there are indications of the pres-

ence of the tetragonal SrTiO3. This observation still needs

to be confirmed with the aid of other techniques. Neo-

dymium addition into the SrTiO3 lattice favored the

ordering at 500 �C but also favored the formation of car-

bonate phase at 300 �C, as clearly observed for the

SrTi0.96Nd0.04O3 sample.

Conclusions

The thermogravimetric curves showed four mass variation

steps, which were identified with the aid of other tech-

niques as infrared spectroscopy and UV-VIS spectroscopy.

The mass loss steps between 200 and 580 �C were assigned

to ester combustion, while the step above *600 �C was

assigned to carbonate decomposition. The mass gain was

assigned to oxygen absorption, with Ti2? oxidation and

defects elimination. The previous heat treatment of the

precursors in oxygen atmosphere made carbonate elimi-

nation easier so that only 2.9 mass% of SrCO3 remained in

the undoped sample calcined at 700 �C. A higher amount

of neodymium made perovskite crystallization easier in

spite of the higher difficulty in the elimination of the

carbonate.
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