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Abstract In this paper, we describe the blue photolumi-
nescence (PL) observed in the multi-component oxosalt
phosphor GdVO,:Ce®*. Different doping concentrations
(0.25-1 mol%) and heat treatment (900-1100 °C) were
used to evaluate which conditions would lead to the most
suitable blue phosphor for optimal display performance.
The cerium doping concentration influences the profile of
the emission spectrum (broad peak at 412 nm under UV
excitation at 330 nm), as reflected on the values of chro-
maticity coordinates. On the basis of luminescent proper-
ties, we can conclude that, among the phosphors prepared
in this work the most adequate for a blue display is the one
obtained via the combustion method using glycine as fuel,
a 0.50 mol% cerium doping concentration, and heat treat-
ment at 1000 °C.

Introduction

Phosphor materials have found wide applications, which
range from fluorescent lighting to luminescence immuno-
assay [1]. These materials essentially convert certain types
of energy into electromagnetic radiation, usually in the
visible range, and they should not absorb such radiation.
Phosphors activated by rare earth (RE) ions exhibit some
peculariarities. In the energy level diagram of RE ions,
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luminescence processes often correspond to electronic
transitions within the incompletely filled 4f shell, which is
extensively shielded from the host lattice. Consequently,
these phosphors have narrow band spectra in the visible
region, which are to a great extent independent of the
nature of the host lattice because of the low interaction
between the RE and the crystal field. The luminescence
quantum Yyield of phosphors activated with an RE ion is
often high if compared with other phosphors [2]. Therefore,
RE-doped phosphors play an important role in optical
displays. In order to improve the performance of display
devices, it is necessary to find novel blue phosphors with
high luminescent efficiency and stability, which are lacking
in the commercial area. Studies of GAVO, doped with RE
ions such as Pr**, Nd**, Ho>* Eu**, Tm>*, and Yb** have
been reported [3-9] as laser medium. The strong absorption
of ultraviolet light by GdVO, coupled with the effective
energy transfer and strong emissions of VO3 and Ce®*
should render a material that emits blue light very effi-
ciently.

In this paper we describe the preparation of a highly
luminescent blue-emitting Ce**-activated gadolinium van-
adate phosphor obtained through a novel combustion syn-
thesis technique. This method was chosen because it is
known to yield fine particle sizes. The blue photolumi-
nescence (PL) observed in the multi-component oxosalt
phosphor GdVO,4:Ce’ is also reported here.

Experimental

Nanosized GdVO, consisting of Gd(NOs3); (99.99%—
Strem Chemicals) and (NH4);VO, doped with 0.25,
0.50, and 1.00 mol% Ce(NO3); (99.995%—Aldrich) were
prepared via the combustion synthesis procedure using



J Mater Sci (2008) 43:546-550

547

glycine as fuel. Post-annealing was performed for all the
samples prepared as described above in muffle furnace
for 4 h, at different heat treatment temperatures ranging
from 900 to 1100 °C [10].

The crystalline structures of the phosphors were inves-
tigated by X-ray diffraction (XRD) on a SIEMENS D5000
diffractometer (K, Cu radiation, A = 1.5418 A, graphite
monochromator). The PL properties of the phosphors at
room temperature were evaluated using a spectrofluopho-
tometer (FLUOROLOG3 ISA/Jobin-Yvon spectrofluorim-
eter, 450 W ozone-free Xenon lamp, Hamamatsu R928P
photomultiplier). Scanning electron microscopy (SEM)
was performed by using a Zeiss EVO 50 microscope.
Samples prepared for SEM were first dispersed in acetone
and dropped over a metallic holder, which was coated with
a gold film, and a controlled deposition was achieved by
using a Sputter Coater Baltec SCD 050.

Results and discussion
X-ray diffraction (XRD)

Representative GdVO,:Ce™* samples were characterized
by XRD. The patterns of the synthesized powders are
shown in Fig. 1, where the influence of the annealing
temperature on the phase formation can be noticed [12].
The majority of the detected reflection peaks can be
assigned to the GAVO, crystalline phase; however, some of
them correspond to Gd,03, present as an impurity phase.
Although an increase in the post-annealing temperature
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Fig. 1 XRD patterns recorded for GdVO,:Ce** prepared from

precursors by the combustion method, using glycine as fuel and

different heat treatments for 4 h, and a Ce** doping concentration of

0.50 mol%. PDF n. 86-0996, PDF n. 72-0277, PDF n. 17-0260 and
PDF n. 76-0155 [11]

does not avoid the persistence of the oxide impurity in the
material, it causes a sharpening of the reflection peaks. The
method employed here probably also contributes to the
formation of this impurity due to the temperature rate used
throughout the combustion process.

The doping concentration also affects phase formation,
as shown in Fig. 2. The presence of the Gd,O; phase is
predominant at Ce>* doping concentrations of 0.50 mol%
or above, which can be noted from the relative intensity of
the reflection peaks in the diferent phases of the same
sample. The presence of this Gd,O3 contaminating phase
affects the intensity of the luminescence, as will be
discussed in the section on emission spectra.

The crystallite sizes of all the samples were character-
ized by XRD. They were estimated from the half-width of
the reflection peaks detected for the GdVO, single-phase
only, by using the Scherrer’s equation [13]. The average
crystallite sizes of the GdVO4:Ce3+ samples, whose XRD
are shown in Fig. 1, lie between 25-30 nm, indicating that
the doping concentration influences this parameter (see
Table 1).

Photoluminescence spectroscopy (PL)

Photoluminescence results were used to evaluate the
optimium activator concentration and the best annealing
temperature. This was done by comparing the qualitative
emission intensity of all the spectra with those presented in
Ref. [14] when preparing the desired phosphor. The typical
PL emission intensity of the GAVO4:Ce* samples obtained
under a 330 nm excitation is summarized in Fig. 3. By

*GdVO,
o
Gd,0,

1.00 mol%

Intensity / a.u.

N 0.50 mol%

o
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Fig. 2 XRD patterns recorded for GdVO,:Ce™ prepared from
precursor by the combustion method, using glycine as fuel and heat
treatment at 1000 °C for 4 h. PDF n. 86-0996, PDF n. 72-0277, PDF
n. 17-0260 and PDF n. 76-0155 [11]
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Table 1 Determination of

(a3t .
particle size and chromaticity GdVO,:Ce™ Samples

Particle size Chromaticity coordinates

coordinates for all phosphor Activator concentration (mol%) Post-annealing XRD (nm) X Y Z
samples
0.25 900 °C 24 0.21 0.28 0.51
1000 °C 24 0.20 0.30 0.50
1100 °C 29 0.19 0.23 0.58
0.50 900 °C 29 0.18 0.15 0.68
1000 °C 32 0.18 0.17 0.65
1100 °C 31 0.17 0.17 0.66
1.00 900 °C 31 0.18 0.17 0.65
1000 °C 30 0.19 0.17 0.64
1100 °C 31 0.19 0.16 0.65

0.25 mol% Ce

0.50 mol% Ce

Intensity / a.u.

.
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Fig. 3 Emission spectra at room temperature (Aex = 330 nm) of
GdVO,:Ce*" prepared from precursor by the combustion method,
using glycine as fuel and a post-annealing temperature of 1000 °C
for 4 h

considering the concentration of each doping ion, the rel-
ative emission intensity was used to select the most intense
luminescence obtained among the samples prepared under
different post-annealing temperatures.

It can be seen from Fig. 3 that phosphors with emission
centred in the blue region are obtained at an activator
concentration of 0.50 mol%. Concentration quenching is
also observed for all the samples. As for the emission
intensity, it decreases with Gd,Os; phase formatiom, as
observed in the diffractogram (XRD) patterns. The pres-
ence of this oxide phase allow us to control the broad
emission of Ce’*, by reducing its emission to the blue
region of the spectrum. This fact just occur due to the
employed method (combustion method) that generates a
rate of temperature and consequently the formation of a
mixture among the desired oxosalt and the respective oxide.

@ Springer

Excitation in the UV region leads to two broad bands: at
~250 nm and ~315 nm, and a representative spectrum is
shown in Fig. 4. These broad bands exhibit different
behavior, depending on the concentration of the activator.
At concentrations higher than 0.50 mol%, the band at
315 nm decreases, whereas the band at 250 nm increases in
relative intensity, corroborating the quenching concentra-
tion observed in the emission spectra.

Chromaticity (CIE)

Basic requirements of phosphor displays are stability and
purity of the emission color [15], according to a standard
set by the EBU (European Broadcasting Union). Color
purity can be visualized in the chromaticity diagram as
blue, red and green regions, using the emission color
coordinates of the luminescent material. So, from the
luminescence emission spectra of some representative
GdVO,:Ce* samples we obtained their chromaticity dia-
grams and their respective chromaticity coordinates with
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0.50 mol%
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240 260 280 300 320 340 360 380
Wavelength / nm

Fig. 4 Excitation spectra at room temperature (Lo, = 412 nm) of
GdVO0,:Ce** prepared from precusor by the combustion method,
using glycine as fuel and a post-annealing temperature of 1000 °C
for4 h
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Fig. 5 Chromaticity diagram for the samples obtained at a heat
treatment temperature of 1000 °C

the aid of the Spectra Lux Software v.2.0 Beta [16].
Figure 5 shows the chromaticity diagram obtained from the
spectra with the most intense luminescence, recorded for
samples prepared from different fuels. It can be seen that
the sample obtained from glycine, doped with 0.50 mol%
Ce3+, and heat-treated at 1000 °C renders the most ade-
quate color coordinates, Table 1, according to the EBU
standard for a blue display phosphor (y < 0.072 and
x > 0.143). For 0.50 and 1.00 mol% doping concentration
the observed color is blue whereas for 0.25 mol%, the
color is blue green.

Fig. 6 SEM of GdVO, with
activator concentration

0.50 mol% Ce** and heat
treatment at 1000 °C

| H EHT = 20.00 kv Mag = 120,00 K X

Scanning electron microscopy (SEM)

The micrographs were obtained to evaluate the particle size
and morphology of the powder. As can be observed in
Fig. 6, the particle size is in agreement with Scherrer’s
equation, with a diameter in the range of 25-30 nm.

Conclusions

In summary, the synthesis of GdVO4:Ce®" blue phos-
phors with broad PL emission was achieved at 1000 °C
via the combustion method. Our results suggest that the
phosphor obtained at lower heat treatment temperature
(1000 °C) using glycine as fuel exhibits PL emission in
the blue region (broad band centered at 412 nm) under
UV excitation (330 nm). The diffraction peaks of this
phospor are well-defined, the particle size lies in the
range of 25-30 nm, and it is formed by a mixture of two
different phases, namely GdVO, and Gd,03;. Comparing
the luminescence intensities of the phosphors containing
different  activator  concentrations, the  material
GdVO,:Ce®* with a doping ion concentration of
0.50 mol% leads to the most intense luminescence. The
chromaticity coordinates (0.18, 0.17, 0.65), dominant
wavelength, and color purity of this phosphor are close
to the values required for displays. Therefore, we can
suggest that the combustion method is a promising
technique for the preparation of blue phosphors for
display technology.
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