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The  synthesis,  structure  characterization,  as  well  as  luminescence  properties  of  LaTaO4 ceramics  were
investigated  in  this  study.  The  materials  were  prepared  through  the  Pechini  method.  The  characterization
techniques,  including  the X-ray  diffraction  (XRD)  as  well  as  the  scanning  electron  microscopy  (SEM)  were
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used to  analyze  the  structure  and  microstructure,  respectively.  Details  of emissions  as  a  result  of  the  type
VO

* (or  VO
**)  defects  were  determined  using  photoluminescence  (PL)  measurements.

© 2011 Elsevier B.V. All rights reserved.
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. Introduction

Doped and undoped rare-earth niobates and tantalates (RE-
b/Ta) have a unique array of characteristics that include chemical
nd electrochemical stability, photo-electronic activity [1–5], ion
onductivity [6–9] and luminescence [10–19].

The lutetium tantalate LuTaO4, as well as gadolinium GdTaO4
nd all the tantalates of the series of lanthanides crystallize in
he monoclinic form, besides their ability to possess two types of
tructure. The first belongs to the space group I2/a, known as the
-type structure or fergusonite. The second belongs to the space

roup P2/a, called the M’-type structure. In both cases the site of
n3+ cation is a distorted square anti-prism (coordination number
N = 8), of point symmetry C2. In the M’-type structure, the site is
ccupied by a tantalum distorted octahedron (with coordination
umber CN = 6), in which four bonds (Ta–O) are smaller and two

arger ones. In the M-type structure, the tantalum site is found to
e a distorted tetrahedron (CN = 4). It can be observed that there

s a crystallization tendency of LnTaO4 in the M’-type structure at
ow temperature [12–20].

Tantalates can be prepared by different techniques. The synthe-
is of these materials by the mixture of oxides (solid state method)
s relatively direct, though it is limited as a result of the fact that it

roduces low purity materials, large particles with wide size dis-
ribution and does not also allow the control of stoichiometry. In

∗ Corresponding author. Fax: +55 16 33227932.
E-mail address: gisegasp@yahoo.com.br (G. Gasparotto).
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contrast, the synthesis using wet  chemical routes allows the control
of the particles size, including nanometric ones.

Among the wet  chemical routes, the synthesis from alcohoxide
metals produces very small particles in the order of 5–100 nm with
a narrow range of particles size distribution and well-defined sto-
ichiometry. However, this method has some disadvantages, which
include expensive raw materials and long processing time. The
polymeric precursor method, known as the Pechini method, pro-
duces a polyester matrix through which ceramic powders or thin
films can be produced by thermal pyrolysis. This method is used to
synthesize particles in the nanometric or micrometric range with
good control of impurities, relatively fast processing times and low
cost.

The purpose of the present work is to investigate the thermal
treatment conditions in order to obtain crystalline LaTaO4 by the
Pechini method and to analyze the dependence of the structure as
well as the luminescence properties with the temperature of phase
formation.

2. Material and methods

The synthesis of LaTaO4 was carried out by the Polymeric Precursor Method [21],
similar to that described by Gasparotto et al. [22]. Lanthanum oxide and tantalum (V)
ethoxide were used as starting materials. Ethylene glycol and citric acid were used
as  polymerization/complexation agents in the synthesis of citrate solutions for each
cation. After homogenization, the solution containing La and Ta citrates were kept
under continuous heating at 80–90 ◦C. These solutions became more viscous without
any  visible phase separation. Afterwards, the polyester resin was thermally treated

at 200, 380 and 450 ◦C for 2 h to pave way for the polymer pyrolysis. The resulting
porous material was  easily deagglomerated in a mortar and annealing was carried
out at 700, 900 and 1100 ◦C/3 h. The X-ray diffraction data (XRD) were collected
using a RIGAKU® RINT2000 rotating anode diffractometer with Cu Ka radiation
monochromatized by a curved graphite crystal, with the 2� interval lying between

dx.doi.org/10.1016/j.jallcom.2011.06.032
http://www.sciencedirect.com/science/journal/09258388
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0  and 100◦ , with a scanning rate of 0.02◦/0.3 s. The photoluminescence (PL) mea-
urements were carried out using spectroscopic excitation and emission from the
olid powder samples. We used a Fluorolog Spex F212L spectrofluorimeter in the
ront  face mode, with a 450 W xenon lamp as the light source and a water cooling
hotomultiplier Hamamatsu R298.

. Results and discussion

The X-ray diffraction pattern of LaTaO4 powders at 700, 900,
nd 1100 ◦C is shown in Fig. 1. At 700 ◦C, pure LaTaO4 was still
ound to be non-crystalline. In addition, the compounds obtained
rom 900 ◦C onwards were observed to be in crystalline form, which
re close to the data from Joint Committee on Powder Diffraction
tandards (JCPDS) card no. 74-769. No peak of any other phases

as detected, indicating that the sample has a high purity and the

ong range order. At 1100 ◦C, LaTaO4 exhibits peaks associated to
ifferent polymorphic types: a major contribution of M’-LaTaO4
nd peaks associated to M-LaTaO4 [12–20].

2  /  
o

Fig. 1. XRD pattern of LaTaO4 heat-treated at 700 ◦C, 900 ◦C and 1100 ◦C for 3 h.
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Fig. 2. (a) Excitation and (b) emission spectra of pure LaTaO4 heat-treated at 700 ◦C, 900 ◦C and 1100 ◦C for 3 h.

Fig. 3. SEM images of LaTaO4 heat-treated at 700 ◦C, 900 ◦C and 1100 ◦C for 3 h.
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The photoluminescent emission of LaTaO4 is shown in Fig. 2(a)
nd (b). The spectral profile can be divided into two  categories: (i)
atrix emission, and (ii) defects emission. The matrix emission is

ssociated with charge transfer transition of the tantalate groups
[TaO4] sublattice), in which an asymmetric broad band is centered
t 480 nm.  The increase of firing temperature (700 → 1100 ◦C) of
aTaO4 precursor induces a small red shift in the matrix emission
and, and an intensification of the emission bands. The defect emis-
ion bands are centered in 690 nm.  However, when treated at the
emperature of 1100 ◦C, a shift to 715 nm can be observed prob-
bly due to LaTaO4 polymorphism, as indicated by the DRX data.
he defect emission can be related to singly charged oxygen vacan-
ies (VO

*), as observed in ZnAl2O4 [23] for example. During the
ring treatment, the organic matter presented in the LaTaO4 pre-
ursor are burned, resulting in a local reducing environment, that
ight produce singly (or doubly) charged oxygen vacancies. The

xcitation spectra give similar results: two excitation bands, i.e., at
80 nm (matrix) and 360 nm (defects). The matrix excitation was
ot observed in LaTaO4 treated at 700 ◦C, though.

Fig. 3 shows the scanning electron microscopy (SEM) images
f LaTaO4 powders obtained by the Pechini method at 700, 900
nd 1100 ◦C for 3 h. As can be observed, the product consisted of
ano crystallites with particle size ranging from 86 to 200 nm.  The
EM micrograph of the LaTaO4 obtained at 700 ◦C presented non-
rystalline morphology while at 900 ◦C the sample was found to
resent a grain size of around 86 nm.  The particle size tended to

ncrease to approximately 200 nm when the temperature reached
100 ◦C.

. Conclusion

The Pechini method enabled us to obtain LaTaO4 crystalline
hase, free from spurious phases from 900 ◦C and beyond. Through
he photoluminescence measurements, emission was observed
rom the LaTaO4 matrix, characterized by an asymmetric broad-
and centered at 480 nm,  suffering a slight shift towards the red

ne given the increase in temperature (700 ◦C → 900 ◦C). LaTaO4
btained at 700 ◦C presented amorphous morphology while the
article size was found to have increased for the sample calcined
t 1100 ◦C, being around 200 nm.
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