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Abstract In this work, the synthesis of Nd-doped SrSnO3

by the polymeric precursor method, with calcination

between 250 and 700 �C is reported. The powder precursors

were characterized by TG/DTA and high temperature X-ray

diffraction (HTXRD). After heat treatment, the material was

characterized by XRD and infrared spectroscopy. Ester and

carbonate amounts were strictly related to Nd-doping.

According to XRD patterns, the orthorhombic perovskite

was obtained at 700 �C for SrSnO3 and SrSn0.99Nd0.01O3.

For Sr0.99Nd0.01SnO3, the kinetics displayed an important

hole in the crystallization process, as no peak was observed

in HTXRD up to 700 �C, while a XRD patterns showed a

crystalline material after calcination at 250 �C.

Keywords Perovskite � Stannate � Neodymium-doping �
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Introduction

Perovskite structures have a simple crystalline structure,

which includes different symmetries, with cubic, tetragonal

or orthorhombic unit cells, besides these distorted cells

[1, 2]. Stannates (MSnO3, M = Ba, Sr, Ca) are important

perovskite materials in ceramic technology, due to their

wide applications as components of dielectric materials,

thermally stable capacitors and humidity sensors [3, 4].

SrSnO3 has an orthorhombic perovskite structure (Pbnm

space group) with a high degree of pseudocubic symmetry

at room temperature [3]. Distortion of this structure is due

to the SnO6 octahedra inclination and distortion [5],

favoring a higher amount of electronic transitions in this

material. Technological interest in SrSnO3 is due to its

optical, electric and magnetic properties, which lead to its

application as condensers and, more recently, as humidity

sensor.

Perovskites containing rare earth elements have been

applied as electrodes [6, 7], luminescent materials and

phosphors, especially in devices for artificial light pro-

duction as cathode ray tube, lamps and radiography

detectors [8]. These perovskites have become attractive in

the last decade, due to the investigation of the energy

migration process in electronic materials, leading to

important electronic applications [9, 10]. Among them,

ABO3 (A = Ca, Ba and Sr; B = Ti, Zr, Si, Nb, Hf, etc.)

activated with rare earth ions as Sm3?, Tm3?, Eu3?, Pr3?,

Ce3?, Tb3?, Er3? are promising candidates [11].

In this work, strontium stannate, SrSnO3, was doped with

neodymium, synthesized by the polymeric precursor

method. The elimination of organic material and the perov-

skite crystallization were evaluated by thermal analysis

techniques (TG/DTA and HTXRD). Infrared spectroscopy

and X-ray diffraction were used to confirm these data.

A great advantage of the polymeric precursor method, in

relation to other chemical synthesis methods, is its low

cost, once the reagents used in larger amounts are relatively

cheap, besides working at relatively low temperatures [12].
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Experimental

In this work, Sr1-xSn1-yNdx?yO3, x = 0.01, was synthe-

sized by the polymeric precursor method, whose details are

already described in literature [12, 13]. The reagents used

in the synthesis are presented in Table 1.

Carbon elimination was carried out by calcination in O2

atmosphere at 250 �C for 24 h, after milling of the pre-

cursors in an attritor mill for 4 h in an alcoholic medium.

The precursors were characterized by thermogravimetry

(TG) and differential thermal analysis (DTA) in a SDT-

2960, TA Instruments analyzer in air atmosphere with a

flow rate of 110 mL/min and a heating rate of 10 �C/min

up to 850 �C, with about 10 mg of sample weighted into

alumina crucibles. Characterization was also done by high

temperature X-ray diffraction (HTXRD). Measurements

were carried out with Cu-Ka radiation and nickel filter on a

SIEMENS D5000 diffractometer equipped with an

Edmund Buehler controllable high temperature thermo-

static chamber. The heating unit consists of a vacuum

heating chamber with a Pt heater, temperature controller to

an accuracy of ±1 K and Pt–PtRh10% thermocouple to

monitor the temperature of the sample during the mea-

surements. The heating cycles were performed under

ambient atmosphere at a constant heating rate of 40 K/min

up to the soak temperature of 500, 600 and 700 �C. Once

the temperature reached a constant value, the XRD patterns

were collected using continuous scanning mode in the 2h

range 40–48� with a scanning speed of 0.02�/s at a

counting time of 2.0 s per step. The total duration of XRD

recording was 26.5 min.

After thermal treatment at 250, 300, 400, 500, 600 and

700 �C for 2 h, the material was characterized in relation to

structural properties, using X-ray diffraction and infrared

spectroscopy (IR). The XRD patterns were obtained using

a D-5000 Siemens diffractometer, employing Ka Cu radi-

ation, using continuous scanning mode in the 2h range of

20–70�, with a 0.02� step and a step time of 1.0 s. The IR

analyses were performed using an MB-102 Bomem spec-

trophotometer, in the range from 4,000 to 400 cm-1, using

KBr pellets.

Results and discussion

Figure 1a, b show the TG and DTA curves of the SrSnO3,

SrSn0.99Nd0.01O3 and Sr0.99Nd0.01O3 precursors. The sam-

ples had three thermal decomposition steps, except for

SrSn0.99Nd0.01O3, which presented two steps. The first step

was assigned to the elimination of water and gases adsor-

bed on the material surface with an endothermic peak in

DTA curve at about 70 �C. The other steps were assigned

to the combustion of the organic material leading to exo-

thermic peaks. Mass loss associated to endothermic peaks

above 720 �C was assigned to the carbonate decomposi-

tion. The thermal analysis data are presented in Table 2.

Table 1 Reagents utilized in

the synthesis of SrSnO3:Nd

compounds

Reagent Chemical Formula Purity (%) Supplier (location)

Tin chloride SnCl2�2H2O 99.9 J.T.Backer (México)

Strontium nitrate Sr(NO3)2 99.0 Vetec (Brazil)

Neodymium oxide Nd2O3 – Merck (Germany)

Ammonium hydroxide NH4OH P.A Vetec (Brazil)

Nitric acid HNO3 65.0 Dinâmica (Brazil)

Citric acid C6H8O7�H2O 99.5 Cargill (Brazil)

Ethylene glycol HO�CH2�CH2�OH 99.0 Avocado (Brazil)
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(a) (b)  Fig. 1 TG (a) and DTA (b)

curves of the SrSnO3,

SrSn0.99Nd0.01O3 and

Sr0.99Nd0.01SnO3 powder

precursors after heat treatment

at 250 �C for 24 h in oxygen

atmosphere
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The evaluation of the thermal decomposition steps was

also done by infrared spectroscopy, after calcination at

different temperatures (Fig. 2).

The IR spectra showed bands at 1,580–1,390 cm-1,

assigned to COO- stretching in ester unidentate complexes

[14, 15] and at 1,470, 1,080 and 862 cm-1 due to the

presence of carbonates [14, 16, 17].

Ester bands were observed at low temperatures,

decreasing in intensity with the temperature increase, dis-

appearing after calcination at 600 �C. Comparing these

results with TG/DTA data, the exothermic decomposition

step may be assigned to ester combustion. For

Sr0.99Nd0.01SnO3, ester bands were not observed as well as

the combustion peak in DTA curve.

In relation to carbonate bands, in SrSnO3, its formation

is only observed after calcination at 400 �C. With Nd-

doping, its formation is already observed after calcination

at 250 �C, independently of the substituted cation. A high

amount of carbonate was observed at 500 and 600 �C,

being eliminated at a higher temperature, according to TG/

Table 2 Data from thermal

analysis curves of the SrSnO3,

SrSn0.99Nd0.01O3 and

Sr0.99Nd0.01SnO3 precursors

Sample Steps Temperature

range (�C)

Mass loss (%) DTA peak temperature (�C)

SrSnO3 1 48–262 2.8 Not observed

2 298–661 23.5 435, 489, 535 (exo)

3 661–746 3.8 658 (endo), 680 (exo),

698 (endo)

SrSn0.99Nd0.01O3 1 40–220 8.9 70 (endo)

2 290–578 11.5 425 (exo)

3 682–752 3.8 723 (endo)

Sr0.99Nd0.01SnO3 1 40–100 5.5 70 (endo)

2 100–687 6.8 –

3 687–792 3.4 731 (endo)
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Fig. 2 IR spectra of SrSnO3

(a), SrSn0.99Nd0.01O3 (b) and

Sr0.99Nd0.01SnO3 (c), after

calcination between 250 and

700 �C
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DTA data. These bands are still observed after calcination

at 700 �C, as the thermal stability is only achieved above

730 �C.

Bands assigned to the perovskite phase were detected

after calcination at 700 �C, for pure SrSnO3. A high short-

range order was observed, as suggested by the high defi-

nition of the Me–O bands at 660 and below 500 cm-1 [17–

19]. At 600 �C, the intensity of the band at 660 cm-1

already started to increase, but a low resolution is still

observed.

When Nd replaced Sr (the lattice modifier), a higher

definition of the Me–O band (around 600 cm-1) was

observed, even after calcination at 300 �C. This result indi-

cated that this replacement led to a higher short-range order

in the perovskite. The same behavior was not observed when

Nd substituted Sn, which presented the same profile of the

pure SrSnO3, in relation to Me–O bands.

HTXRD patterns are presented in Fig. 3.

All samples were amorphous at 500 and 600 �C, with

the perovskite crystallization noticed at 700 �C. In relation

to secondary phases, different behaviors were observed,

according to the Nd doping. Strontium carbonate was

observed in the SrSn0.99Nd0.01O3 in all temperatures, with

decomposition above 700 �C. These results indicated that

the endothermic peak at 731 �C in DTA curve was

assigned to carbonate decomposition.

For Sr0.99Nd0.01SnO3, SnO2 precipitation occurs at

600 �C, indicating that Sr2? may be also be replacing Sn4?

in the lattice.

Figure 4 shows the XRD patterns of the SrSnO3

perovskites.

All diffraction peaks can be indexed as orthorhombic

perovskite, with space group Pbnn, JCPDS file 77-1798.

For pure SrSnO3, crystallization occurred above 600 �C,

with small peaks at this temperature and well-defined ones

after calcination at 700 �C. These results were in agree-

ment with the previous results, that showed an exothermic

peak in DTA curve at 680 �C, besides an increase in short-

and long-range order, according to IR spectra and HTXRD

patterns.

For SrSn0.99Nd0.01O3 (Fig. 4b), crystallization occurred

at 700 �C, also in agreement with the IR spectra. For these

samples, strontium carbonate was present in high amounts,

and SnO precipitation occurred. This result may be

assigned to Sn4? reduction. This phase disappeared after

calcination at 700 �C.

Sr0.99Nd0.01SnO3 showed a different behavior. Well-

defined peaks, assigned to perovskite, were already

observed after calcination at 250 �C. This result was in

agreement with the IR spectra, which already showed a

high short-range order after calcination at this temperature.

Comparison with HTXRD patterns showed that kinetic
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Fig. 3 HTXRD patterns of

SrSnO3, SrSn0.99Nd0.01O3 and

Sr0.99Nd0.01SnO3 submitted to

the temperatures of a 500 �C, b
600 �C and c 700 �C
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factor displayed an important hole in the perovskite crys-

tallization, as HTXRD analysis was done under dynamic

conditions, while IR spectra and XRD patterns were

obtained after calcination at the indicated temperatures, for

2 h. For this sample, it may also be observed that the

intensity of peaks assigned to strontium carbonate

decreased after calcination at 700 �C.

Conclusions

Pure and Nd-doped Strontium stannates were synthesized

by the polymeric precursor method. The precursor decom-

position was evaluated. Exothermic peaks below 600 �C

were assigned to the ester combustion. The amounts of

esters and carbonates were strictly related to Nd-doping.

Undoped samples only had carbonates above 400 �C. When

Sn4? was replaced by Nd3?, carbonate was observed at

300 �C, besides esters. When Sr2? was replaced, only car-

bonate was observed at 300 �C and no exothermic peak was

observed in DTA. At 700 �C, the amount of carbonate

decreased, in accordance to TG/DTA curves, which showed

an endothermic peak related to carbonate decomposition.

Analyses of XRD patterns revealed that SrSnO3 with

orthorhombic structure was obtained at 700 �C after calci-

nation for 2 h for SrSnO3 and SrSn0.99Nd0.01O3. For

Sr0.99Nd0.01TiO3, higher short- and long-range orders were

already observed after calcination at low temperature.

Kinetics displays an important hole in crystallization pro-

cess, as no peak was observed in HTXRD up to 700 �C,

which was performed under dynamic conditions.
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