
at SciVerse ScienceDirect

Materials Chemistry and Physics 140 (2013) 255e259
Contents lists available
Materials Chemistry and Physics

journal homepage: www.elsevier .com/locate/matchemphys
Structural and thermal evolution studies of LaSbO4 ceramics prepared
by solid-state reaction method

Kisla P.F. Siqueira, Raquel M. Borges, Júlia C. Soares, Anderson Dias*

Departamento de Química, Universidade Federal de Ouro Preto, Campus Morro do Cruzeiro, ICEB II, Sala 67, Ouro Preto 35400-000, MG, Brazil

h i g h l i g h t s
� LaSbO4 compounds were produced by solid-state method.
� Structural characterization was conducted by XRD and Raman scattering.
� Polarized Raman spectroscopy in sintered ceramics allowed us a complete modes assignment.
� Luminescence properties revealed a promising phosphor.
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This work investigates the thermal evolution of LaSbO4 ceramics produced by solid-state method in the
temperature range 700e1500 �C, for 6 h. Besides the expected phase transitions, a thermal decompo-
sition at high temperatures to La3SbO7 was observed and discussed. The results showed that the phase
LaSbO4 can be obtained only below 1450 �C, while temperatures lower than 1100 �C are not able to
produce crystalline structures. The samples were submitted to X-ray diffraction and Raman scattering
measurements aiming to determine their crystal structures. LaSbO4 materials exhibited monoclinic
structures, space group P21/m ¼ C2

2h(#11), with Z ¼ 4. It was verified that all the 36 Raman-active modes
predicted by group-theory calculations were observed. Also, the symmetries could be discerned by using
polarized Raman scattering, which allow us to assign the gerade modes. Luminescence properties of
LaSbO4 were investigated and the results showed that this compound exhibits sensitivity of the host
lattice to UV excitation. PL spectra excited at 360 nm have a blue emission band maximum at 428 nm,
corresponding to the self-activated luminescence center of LaSbO4.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction

Compounds of the type ABO4 (A ¼ rare-earth and B ¼ As, P, V,
Nb, Ta, Sb) are very attractive materials because of their chemical
and physical properties. The recent papers have been motivated by
the fact that these compounds can be used as convenient host
materials for fundamental spectroscopic investigations of rare-
earth ions, as solid-state laser hosts, and for radioactive waste
isolation [1,2], particularly for B ¼ As, P or V. Furthermore, for the
compounds with B ¼ Nb and Ta, promising applications involving
photoeelectronic activity [3e5], ion conductivity [6,7] and lumi-
nescence [8e11] have been reported. Recently, Siqueira et al. [12]
carried out a detailed investigation on the crystal structure of
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lanthanide orthoniobates and showed that all samples exhibited
monoclinic structure, space group C2/c (#15) and Z ¼ 4. For the
lanthanide orthotantalates, Siqueira et al. [13] reported that
different structures can be obtained as a function of the processing
temperature and lanthanide ionic radii. For example, ceramic pro-
cessing at 1300 �C resulted in three different crystal structures, as
follows: monoclinic structure, space group P21/c (#14), for RE ¼ La,
Ce and Pr; fergusonite M-type, I2/a (#15), for RE ¼ NdeTb; and
fergusonite M0-type structure, P2/a (#13), for the compounds with
smallest ionic radii (RE ¼ DyeLu) [13].

For lanthanide orthoantimonates, little information is available
from the literature. Gerlach et al. [14] reported the processing of
ASbO4 single crystals (A¼ La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Lu) through
endothermic chemical transport with TeCl4 as transport agent but
there are still many divergences about the structure exhibited by
these compounds. In view of that, this paper investigates the syn-
thesis, crystal structure and characterization of the LaSbO4 com-
pound, for which only an X-ray powder diffraction was reported
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Fig. 1. (a) Thermal evolution for the LaSbO4 compound in the temperature range 700e
1500 �C studied by XRD; (b) XRD pattern for the LaSbO4 processed at 1300 �C with the
respective crystallographic planes indexed. Note that the LaSbO4 phase was obtained at
1100 and 1300 �C, while the phase La3SbO7 was obtained at 1500 �C.
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[15]. Based on this information and on the similaritywith the LaTaO4
compound, previously investigated by our research group [13], we
carried out a detailed investigation on the thermal evolution and
optimum synthesis conditions to lanthanum orthoantimonates.
Also, polarized-Raman scattering and photoluminescence mea-
surements were done aiming to understand the crystal structure,
phonon modes and emission properties of the LaSbO4 ceramics. To
the best of our knowledge, LaSbO4 compounds obtained by con-
ventional solid-state reactionmethod were not previously reported
by the literature. The goal of this work is to contribute to the un-
derstanding of both structural and luminescence properties of this
class of materials with promising technological applications.

2. Experimental

LaSbO4 ceramics were synthesized by using La2O3 and Sb2O5
(>99.9% SigmaeAldrich) as starting materials through the solid-
state reactions. Stoichiometric amounts of the reactants were
weighed and mixed with a mortar and pestle. The mixed powders
were calcined in the temperature range 700e1500 �C for fixed
times of 6 h, with intermediate regrinding. For sintering, cylindrical
pucks of about 5 mm height and 12.5 mm diameter were produced
by applying a pressure of 150 MPa. The samples were then sintered
in a conventional oven at 1500 �C, for 8 h. The crystal structure of
the as-synthesized samples were studied by X-ray diffraction (XRD)
using a Shimadzu D-6000 diffractometer with graphite mono-
chromator and a nickel filter in the range of 10e60 2q (15 s step�1 of
0.02 2q), operating with FeKa radiation (l ¼ 0.1936 nm), 40 kV and
20 mA (the results were automatically converted to CuKa radiation
for data treatment and manipulation). The software MDI Jade 9.0
was employed to calculate the lattice parameters.

Raman spectra of the as-synthesized samples were collected in
backscattering configuration using an Horiba/Jobin-Yvon LABRAM-
HR spectrometer with the 632.8 nm line of a heliumeneon laser
(effective power of 6 mW at the sample’s surface) as excitation
source, diffraction gratings of 600 and 1800 grooves mm�1, Peltier-
cooled CCD detector, confocal Olympus microscope (100� objec-
tive), and experimental resolution typically 1 cm�1 for 10 accu-
mulations of 30 s. Polarized Raman spectra was carried out in the
sample sintered at 1500 �C for 8 h. Appropriate interference filter
for rejecting laser plasma lines, and edge filter for stray light
rejection were used. All resulting spectra were corrected by Bosee
Einstein thermal factor [16]. The emission and excitation spectra
were acquired under continuous Xe arc lamp (450 W) excitation in
a SPEX Triax 550 Fluorolog 3 spectrofluorometer at room temper-
ature. The detection was performed with a Peltier-cooled SPEX
Synapse CCD. The emissionwas collected at 90� from the excitation
beam. Filters were placed in the excitation and emission beams, in
order to improve the quality of the acquired spectra. For the
emission spectra, the entrance and exit slits were adjusted, so as to
obtain resolutions of 10e12 and 2 nm, respectively, for the excita-
tion spectra, the resolutions were 2 and 10 nm. All the spectra were
corrected, with the software apparatus, for the lamp intensity and
photomultiplier sensitivity at the monitored wavelengths.

3. Results and discussion

Fig. 1 presents the XRD results related to the thermal evolution
study of the LaSbO4 samples prepared by the solid-state reaction
method. This study involved a temperature range of 700e1500 �C
with intervals of 200 �C in order to adjust the optimum synthesis
conditions and follow the behavior of the thermal treatment on the
crystallization phase LaSbO4. As it can be seen, the chemical reac-
tion did not occurred at 700 �C and only the presence of the starting
precursors (La2O3 and Sb2O5) can be observed. Although it is a low
temperature for solid-state reactions in many ceramic systems, we
decided to start at 700 �C because of the low melting-point of
antimony oxide (Sb2O5), which value is 380 �C [17]. Moreover, no
information about solid-state reactions for this compound was
found in the literature. At 900 �C (Fig. 1a), we can observe the
beginning of the chemical reaction, but no formation of LaSbO4.
Only above 1100 �C it was possible to obtain the LaSbO4 in a single



Table 1
Factor-group analysis for the LaSbO4 compound at room temperature.

Ion Wyckoff
sites

Symmetry Irreducible representations

La 4f C1 3Ag þ 3Au þ 3Bg þ 3Bu

Sb 4f C1 3Ag þ 3Au þ 3Bg þ 3Bu

O(1) 4f C1 3Ag þ 3Au þ 3Bg þ 3Bu

O(2) 4f C1 3Ag þ 3Au þ 3Bg þ 3Bu

O(3) 4f C1 3Ag þ 3Au þ 3Bg þ 3Bu

O(4) 4f C1 3Ag þ 3Au þ 3Bg þ 3Bu

GACOUSTIC Au þ 2Bu
GRAMAN 18Ag þ 18Bg
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Fig. 2. Micro-Raman spectra for the LaSbO4 sample in the spectral region 50e
800 cm�1. Experimental data are in closed squares, whereas the fitting curves are
represented by red lines. Green lines represent the phonon modes adjusted by Lor-
entzian curves. The Raman-active modes were numbered for better visualization. (For
interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.)
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phase form, without contaminants or secondary phases. Ceramics
processed at 1300 �C exhibit a higher degree of crystallinity than
the samples synthesized at 1100 �C, and could be indexed with
ICDD (International Committee for Diffraction Data) card number
#36-0950. Fig. 1b shows the respective crystallographic planes
indexed for this sample. The LaSbO4 compound exhibited a
monoclinic structure with space group P21/m ¼ C2

2h (#11), and four
units per unit cell. The calculated lattice parameters are:
a ¼ 5.115 �A; b ¼ 5.055 �A; c ¼ 12.990 �A and b ¼ 96.28�. The crystal
structure of LaSbO4 contains chains of [SbO6] octahedra connected
via common edges [18].

In spite that we have already achieved a crystalline phase, our
study was beyond and additional experiments were conducted at
higher temperatures in order to observe a possible phase transition,
as detected by Gerlach et al. [14] in PrSbO4 ceramics. In this case,
the authors observed that the samples crystallized in two different
structures (a-PrSbO4 and b-PrSbO4) as a function of the processing
temperature. Based on these results, we carried out experimental
synthesis also at 1500 �C. Unlike the expected phase transition at
1500 �C, the resulting sample exhibited a thermal decomposition
toward La3SbO7 (Fig. 1a), indexed by the ICDD card #23-1138,
which refers to an orthorhombic structure. Therefore, experimental
tests at lower temperatures were carried out between 1300 �C and
1500 �C aiming to investigate and determine the temperature
which the LaSbO4 ceramic decomposes to La3SbO7. The results
showed that the LaSbO4 phase can be produced at temperatures
below 1450 �C using a fixed time of 6 h. It was observed that
temperatures equal or higher than 1450 �C can lead to a prefer-
ential crystallization of La3SbO7, despite all stoichiometric calcula-
tions made for the production of LaSbO4.

According to the literature, there are many reports on the syn-
thesis and crystal properties of La3SbO7 materials [19,20], while for
the LaSbO4 ceramic there are practically no papers. Our results
suggest that at high temperatures (1450 �C and above) the loss of
Sb2O5 by volatilization could occur because to its low melting-
point, as already discussed, which causes the lack of this unit
(Sb2O5) in the original structure and avoid the formation of the
stoichiometric phase LaSbO4. Similar behavior was noted by Ok
et al. [21] in their work about the new compounds LaSb5O12 and
LaSb3O9. The authors noted that the phase LaSb3O9 is stable only
below 1100 �C. When this sample is heated at higher temperatures,
it was observed the decomposition to LaSbO4 according to the Eq.
(1) [21]. Following this reasoning, if we “subtract” one Sb2O5 unit
from the stoichiometric LaSbO4, we can get La3SbO7, according to
the Eq. (2):

LaSb3O9 � Sb2O5 / LaSbO4 (1)

3LaSbO4 � Sb2O5 / La3SbO7 (2)

In this case, we believe that the processing at high temperatures
can result in the shortage of antimony (V) oxide because of its low
thermal stability. Thermal studies in compounds of the type NdBO4
(B ¼ P, As and Sb) showed that among all these compositions the
NdSbO4 presented the lowest thermal stability (Sb < As < P) [14].

Now, the results obtained fromRaman scatteringmeasurements
in LaSbO4 samples synthesized in optimized conditions will be
presented. Group-theory calculations were made based on those
previously reported for the LaTaO4 compounds [13], since there is
no vibrational spectroscopic information concerning LaSbO4 ma-
terials in the literature. For this system, lanthanum, antimony and
four oxygen atoms should occupy the 4f sites of symmetry C1. Due
to these occupation sites, the Raman-active modes of this system
can be decomposed according to the irreducible representation
(i.r.) of the C1 point-group, as shown in Table 1. Then, using the site-
group method of Rousseau et al. [22] we can obtain the following
distribution of the degrees of freedom at Brillouin-zone center in
terms of the i.r. of the C2

2h point group:

GTOTAL ¼ 18Ag þ 18Bg þ 18Au þ 18Bu (3)

Thus, we would expect 36 gerade Raman modes (18Ag þ 18Bg)
for the LaSbO4 system. Raman spectra were obtained at room
temperature for LaSbO4 samples synthesized at 1300 �C. Because of
the high number of active modes, a careful analysis was carried out
by fitting the Raman experimental data with Lorentzian curves as it
can be seen in Fig. 2 (green lines), which was divided up into three
different wavenumber regions with numbered bands for better
visualization. The experimental data are in closed squares, whereas
the fitting curves are presented by red lines. The results showed
that 36 Raman modes can be fitted, in perfect agreement with the
theoretical predictions.

Following, the results obtained from polarized Raman spec-
troscopy will be presented. For this study, a ceramic was sintered at
1500 �C for 8 h. These processing conditions were employed
because the goal was to obtain ceramics with large grains in order



Table 2
Phononwavenumbers (cm�1) and assignment of the gerade
modes, determined from the adjustment of the Raman
experimental data by Lorentzian lines for the LaSbO4.

Band Assignment Wavenumber

1 Bg 60
2 Ag 68
3 Bg 76
4 Ag 91
5 Bg 109
6 Ag 122
7 Bg 144
8 Ag 150
9 Ag 180
10 Bg 198
11 Bg 201
12 Bg 220
13 Bg 235
14 Bg 241
15 Bg 259
16 Bg 262
17 Ag 296
18 Bg 309
19 Bg 325
20 Ag 433
21 Ag 479
22 Bg 451
23 Ag 405
24 Ag 378
25 Ag 364
26 Ag 357
27 Bg 350
28 Ag 512
29 Bg 532
30 Ag 542
31 Bg 564
32 Ag 617
33 Ag 641
34 Ag 663
35 Bg 687
36 Ag 714
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to get suitable polarized Raman measurement. For the sintering
process, it was necessary to involve the compacted ceramics into
the loose powders (LaSbO4) to avoid the antimony loss by volatil-
ization and consequently the decomposition to La3SbO7, already
discussed. However, the phase decomposition along the surface of
the sintered ceramics was inevitable. Crystalline, single phase
LaSbO4 materials were obtained only in the internal part of the
sintered pucks. It was not detected the existence of polymorphs,
since the phase LaSbO4 formed at 1500 �C was identical to the
previously produced by calcining at 1300 �C. Furthermore, the grain
growth allowed the analysis of the sample by polarized Raman
spectroscopy.

It is well-known that the inelastic scattered light intensities due
to the Raman effect are proportional to the square of the elements
of the polarizability tensor (second-order tensor). Then, the base
functions of the i.r. that contain the Raman-active modes have a
quadratic form, i.e., they transform like the product of the Cartesian
coordinates. For single crystals, we take benefit of the crystal
symmetry to assign the lattice vibrations to the different i.r. [16,22].
However, in the case of the ceramics, although the group-theory
predictions remain valid, the symmetry of the modes is generally
mixed due to the random orientation of the crystalline grains. In
this work, we have used a confocal microscope with an objective of
magnification of 100�, which allows the selection of an observation
region as small as 2 mm on the sample surface or even inside the
sample. Nevertheless, we do not know anything about the crys-
tallographic axes of these grains, which have also random orien-
tation throughout the sample. By measuring the micro-Raman
spectra of LaSbO4 sintered sample with cross-polarized light
(Fig. 3), we observed that for some grains the spectra of parallel (red
line) and crossed light (blue line) become different. We can
observed the relative strengthening of the Ag modes in the parallel
configuration accompanied by the relative weakening of the Bg
modes, which are favored by crossed light configuration. Therefore,
we could assign all the 36 Raman-active gerademodes as belonging
to the Ag and Bg symmetries, as presented in Table 2.

We will now discuss the luminescence behavior of our LaSbO4
samples. Fig. 4 shows the excitation spectrum (Fig. 4a) and emis-
sion spectrum (Fig. 4b) obtained for the LaSbO4 ceramics. The op-
tical transition of niobate and tantalate groups have been ascribed
to a charge-transfer process [23,24]. For the antimonate groups, the
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Fig. 3. Polarized Raman scattering for the sintered LaSbO4 ceramics. Parallel (//) and
cross-polarized (T) configurations are indicated in red and blue lines, respectively.
Inset: the relative strengthening of the Ag modes in the parallel configuration
accompanied by the relative weakening of the Bg modes, which are favored by crossed
light configuration. (For interpretation of the references to color in this figure legend,
the reader is referred to the web version of this article.)
same situation can be considered. LaSbO4 is an undoped phosphor
that under different exciting radiations shows UV-blue emission
due to the charge transfer transition into SbO4 group. We can
consider that the conduction band is composed by Sb5þ 4d orbitals
and the valence band by O2� 2p orbitals, similarly as found for
LaNbO4 through electronic structure calculations [25]. Photo-
luminescence (PL) profiles for LaSbO4 powders (Fig. 4) suggest a
mechanism by multilevel process, in which the relaxation of the
system occurs by means of several paths, involving the participa-
tion of several energy states within the band gap of the material
[26]. We believe that the multilevel processes are occurring in our
samples because the spectra presented in this work are very similar
with those obtained for other tungstate samples [26]. Furthermore,
the spectra were deconvoluted using Lorentzian curves and the PL
profiles were better adjusted by four peaks, as it can be seen in
Fig. 4. The maximum excitation peak is localized at 376 nm, but the
other three peaks can be visualized at around 330, 357 and 398 nm.
All these peaks are associated with the direct excitation of LaSbO4
host itself via charge transfer transition between Sb and O. On the
other hand, the emission spectrum shows the peaks at around 403,
428, 456 and 489 nm, being the more intense peak the located at
428 nm. Hsiao et al. [25] also found more than one peak for both
excitation and emission spectra in LaNbO4 samples. In this case, the
authors attributed these results to presence of absorbing groups
NbO4 and NbO6. The excitation and emission spectra of the
lanthanum antimonates are red shifted if compared to lanthanum
niobates (LaNbO4: excitation at 260 nm and emission at 408 nm
[25]). This behavior is due to the higher 5th ionization potential
(I5 ¼ 50.5 eV, for Nb, and 56.0 eV, for Sb). Blasse and Bril [23]
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Fig. 4. (a) Excitation (lem ¼ 428 nm) and (b) emission (lex ¼ 360 nm) spectra at room
temperature for the phosphor LaSbO4. Note that the spectra were deconvoluted using
Lorentzian curves and they were necessary to use four peaks (represented by different
colors) to better adjusted the PL spectra. The experimental data are in closed squares
(black), whereas the fitting curves are represented by red lines. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version of
this article.)
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showed that the lower 5th ionization potential of the metal resul-
ted in a greater energy required for the charge transfer transitions
of the BO4 groups. As a consequence, the excitation and emission
spectra of the niobates are shifted to higher energies relative to the
antimonates. Thus, our PL results are in totally agreement with
theory prediction.

4. Conclusions

LaSbO4 ceramics were synthesized by solid-state reactions in
optimized temperatures, for fixed times of 6 h. The thermal evo-
lution for this material showed that only in the temperature range
of 1100e1450 �C the LaSbO4 ceramics can be formed. For temper-
atures above 1450 �C, the main phase decomposes to La3SbO7,
probably due to volatilization of Sb2O5. XRD results showed that the
orthoceramic was obtained without impurities, crystallizing in the
monoclinic structure with space group P21/m¼ C2

2h(#11) and Z¼ 4.
Raman spectroscopy was employed to determine all the 36
phonon-modes predicted by group-theory calculations, which can
be discerned by using polarized scattering. The optical properties of
LaSbO4 ceramics were investigated by photoluminescence mea-
surements. The PL spectrum excited at 360 nm showed a blue
emission band maximum of 428 nm, corresponding to the self-
activated luminescence center of LaSbO4.
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