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Abstract YVO4:Eu
3+ phosphors have been prepared by the

hydrolytic sol–gel methodology, with and without alkaline
catalyst. The solid powder was obtained by reaction between
yttrium III chloride and vanadium alkoxides; the europium III
chloride was used as structural probe. The powder was treated
at 100, 400, 600, or 800 °C for 4 h. The samples were
characterized by X-ray diffraction, thermal analysis, and
photoluminescence. The XRD patterns revealed YVO4 crys-
talline phase formation for the sample prepared without the
catalyst and heat-treated at 600 °C and for the sample prepared
in the presence of ammonium as catalyst and heat-treated at
100 °C. The average nanosized crystallites were estimated by
the Scherrer equation. The sample which was produced via
alkaline catalysis underwent weight loss in two stages, at 100
and 400 °C, whereas the sample obtained without catalyst
presented four stages of weight loss, at 150, 250, 400, and
650 °C. The excitation spectra of the samples treated at
different temperatures displayed the charge transfer band
(CTB) at 320 nm. PL data of all the samples revealed the
characteristic transition bands arising from the 5D0 → 5FJ
(J00, 1, 2, 3, and 4) manifolds under maximum excitation at
320, 394, and 466 nm in all cases. The 5D0 →

7F2 transition
often dominates the emission spectra, indicating that the Eu3+

ion occupies a site without inversion center. The long lifetime
suggests that the matrix can be applied as phosphors. In
conclusion, the sol–gel methodology is a very efficient
approach for the production of phosphors at low temperature.

Keywords Lifetime . Nanosize crystallites . Europium III .

Phosphors

Introduction

The sol–gel methodology has been employed for the synthesis
of a wide variety of materials at low temperature, the forma-
tion of a polymer network depending on the precursors and
reaction conditions [1–5]. Several materials can be obtained
by using either the hydrolytic or the non-hydrolytic sol–gel
route, such as hybrid materials, phosphors, films, mesoporous
materials, composites, nanoparticles, glasses, coating, wave-
guides, and biomaterials, among others [6–18].

The sol–gel methodology offers many advantages, like
low temperature and pressure [19]. Moreover, it can be used
to prepare the yttrium orthovanadate (YVO4) matrix doped
with lanthanide ions, which can be applied in lamps, lasers,
TV phosphors, and plasma display panel (PDP) phosphors
[20]. The YVO4 matrix is an important optical material due
to its thermal, mechanical, and optical properties, which
allows for its use in countless devices. Doping of this matrix
with Eu3+ has afforded materials that have been utilized as
red phosphors in color television and cathode ray tubes
(CRTs) owing to their high luminescence efficiency upon
electron beam excitation [21]. Indeed, there are many efficient
methods that furnish this matrix. For instance, the household
microwave oven has been employed in the preparation of an
oxide mixture that was irradiated at 840 °C for 150 s [20, 22].
Juan Wang et al. and Fei He et al. [21, 23] have used the
hydrothermal synthesis to obtain the YVO4 matrix with an
autoclave operating at 180 °C for 24 h. Spray pyrolysis is
another technique that has been utilized for the synthesis of
this matrix [24], and the precursors obtained by spray
pyrolysis were treated from 300 °C to 1,200 °C for 4 h.

M. Saltarelli : P. P. Luz :M. G. Matos : E. H. de Faria :
K. J. Ciuffi : P. S. Calefi : L. A. Rocha : E. J. Nassar (*)
Universidade de Franca,
Av. Dr. Armando Salles Oliveira, 201 Pq. Universitário,
CEP 14.404-600, Franca, SP, Brazil
e-mail: ejnassar@unifran.br

J Fluoresc (2012) 22:899–906
DOI 10.1007/s10895-011-1028-7



Xue-Qing Su and Bing Yan [25, 26] have synthesized the
matrix by the co-precipitation methodology using a tempera-
ture of 1,100 °C. The Pechini process has been employed by
Yee-Shin Chang et al. in the preparation of the YVO4matrix at
a temperature of 800 °C [27]. In the conventional synthetic
process, YVO4 has been prepared by the solid-state process at
a temperature above 1,000 °C [28].

Comparison between the sol–gel process and other meth-
odologies has shown that most of the synthetic methods
require high temperatures for the achievement of short reac-
tion times, whereas the use of low temperatures demands long
reactions. In contrast, the sol–gel route calls for low reaction
temperature and short time periods for the preparation of the
final material.

In this work the YVO4 matrix doped with Eu3+ ions has
been prepared by the conventional sol–gel methodology using
alkoxides as precursors. The influence of the catalyst on
matrix formation has also been investigated. The obtained
materials have been characterized and their properties have
been estimated by X-ray diffraction (XRD), thermal analysis
(TA), and photoluminescence (PL).

Experimental

Preparation of the YVO4:Eu
3+ Powder

EuCl3 and YCl3 were prepared after calcination of the
corresponding oxides (Eu2O3 and Y2O3 – Aldrich) for 2 h
at 900 °C. The oxides were dissolved in HCl 6 mol.L−1

(Merk). Excess HCl and H2O were evaporated. Ethanol was
then added and evaporated three times. The final concentra-
tion of the rare earth (RE) ion in the ethanolic solution was
0.1 mol L−1.

The YVO4:Eu
3+ matrix was obtained by means of the

modified hydrolytic sol–gel methodology. To this end, etha-
nolic solutions of YCl3 (41.00 mL) and EuCl3 (0.410 mL)

were added to the solution of isopropylic alcohol and water
under stirring, followed by addition of vanadium isopropoxide
(0.966 mL) at a V/Y molar ratio of 1:1 (V:Y). The beta-
diketone (acetylacetonate) was added as an alkoxide stabilizer.
The reaction was left under magnetic stirring for 48 h at room
temperature. After this period, the solvent was evaporated.
The solid was then washed, dried at 100 °C, and further
treated at 400, 600, or 800 °C for 4 h.

The samples were designated S1C (prepared in the pres-
ence of ammonium catalyst) and S1S (without catalyst).

Characterization

Thermal analysis (TG/DTA/DSC) was carried out on the
Thermal Analyst 2100 – TA Instruments SDT 2960 simul-
taneous DTA-TG in nitrogen atmosphere, at a heating rate
of 20 °C/min, from 25 °C to 900 °C.

The X-ray diffraction (XRD) measurements were per-
formed at room temperature using a Rigaku Geigerflex D/
max-c diffractometer with monochromated CuKα radiation
(λ01.5405 Å). Diffractograms were recorded in the 2θ
range from 4° to 80° at a resolution of 0.05°.

Photoluminescence (PL) data were obtained under con-
tinuous Xe lamp (450 W) excitation with a spectrofluometer
SPEX – Fluorolog II, at room temperature. The emission
was collected at 90° from the excitation beam. The slits
were placed at 1.0 and 0.2 mm for excitation and emission,
respectively, giving a bandwidth of 3.5 and 0.5 nm. Oriel
58916 (exc.) and Corning 97612 (em.) filters were used.

Results and Discussion

Thermal Analysis (TG/DTA/DSC)

Figures 1a and b show the TG/DTG curves recorded for the
powders obtained by means of the sol–gel hydrolytic
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Fig. 1 TG/DTG curves for the YVO4:Eu
3+ matrix prepared in the presence (a) and in the absence (b) of the catalyst, followed by drying at 100 °C
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methodology carried out in the presence (S1C) or in the
absence (S1S) of a catalyst, followed by drying at 100 °C.

The TG/DTG curves reveal peaks accompanied by mass
losses at 73 °C for the sample synthesized in the presence of
the catalyst. This can be attributed to the loss of water
molecules weakly bound to the oxide and solvent mole-
cules. Another mass loss appears at 329 °C, ascribed to
pyrolysis of organic matter remaining from the synthesis.
The end of the mass loss occurs after 500 °C, with a total
loss of 14%.

The sample prepared in the absence of the catalyst
presents four stages of mass loss, with peaks at 141, 252,
384, and 657 °C, which can be assigned to the loss of water
molecules, solvent molecules, pyrolysis of organic matter
remaining from the synthesis, and structural arrangement,
respectively. The mass loss can be accompanied by reaction
between precursors, which can be better visualized in the X
ray-diffraction pattern. The total mass loss was 48% (w/w).

X-Ray Diffraction (XRD)

Figure 2 depicts the XRD patterns of the S1C powder
obtained after treatment at 100, 400, 600, or 800 °C for 4 h.

The XRD patterns give evidence of the formation of
YVO4 phases at 100, 400, 600, and 800 °C, as indicated
by the peaks at 2θ 0 18, 25, 33, and 49°, which correspond
to card 17–341 wakefieldite (Y) and can be indexed to the
tetragonal phase. Table 1 lists the peaks and their relative
intensities for the card and samples.

From the data presented in Table 1 it can be seen that the
XRD pattern of the S1C samples prepared by the modified
hydrolytic sol–gel process and treated at different temper-
atures contains several peaks that are ascribed to the YVO4

matrix. The samples treated at 100 and 400 °C display broad
peaks, which indicate formation of the matrix. The crystal-
lization of the materials becomes evident with increasing
heat-treatment temperatures. An amorphous phase disap-
pears in the case of the powders treated at 800 °C, and the
relative intensity shown in Table 1 reveals formation of the
YVO4 phases. The peaks related to yttrium and vanadium
oxide are not observed, which is an indication that the
precursors reacted completely. In the literature there are
numerous works reporting on different methodologies for
the preparation of the YVO4 matrix [20, 28], but the tem-
perature employed in these procedures is always higher than
the one used in the present work. Indeed, with the technique
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Fig. 2 X-Ray diffraction patterns of the YVO4:Eu
3+ matrix prepared in the presence of the catalyst and treated at (a) 100, (b) 400, (c) 600, or (d)

800 °C
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utilized herein formation of the YVO4 phases was found to
begin at 100 °C for the S1C samples (Fig. 3).

Table 2 summarizes the peaks and their relative intensity
for the card and samples.

The XRD pattern of the S1S samples, prepared without
catalyst, reveals the presence of several peaks and amorphous
phases for the samples treated at 100 °C (S1S-100 °C) and
400 °C (S1S-400 °C). The S1S-100 °C sample probably
consists of a mixture of the oxide precursors. As for S1S-
400 °C, the peaks in 2θ 0 25 and 33º suggest that formation of
the YVO4 matrix is taking place. Concerning S1S-600 °C and
S1S-800 °C, the peaks in 2θ 0 18, 25, 33, and 49º are
attributed to the YVO4 matrix (card 17–341), clearly showing
that the latter are crystalline materials. In addition, the peaks

related to yttrium and vanadium oxide are not detected in the
case of the samples treated at higher temperatures. Compared
with the S1C samples, it is thus clear that the presence of the
basic catalyst favors formation of the crystalline phase at
lower temperatures (100 and 600 °C for the S1C and S1S
samples, respectively). However, the S1S materials are more
crystalline, as judged from the width of the XRD peaks.

The crystallite size can be estimated by the Scherrer
equation Eq. 1 using the peak broadening of the XRD
reflection [29]:

L ¼ K1=" cos q; ð1Þ
where L denotes the average crystallite size, λ represents the
wavelength of the X-ray radiation (λ00.154056 nm), and K

Table 1 Peaks and relative
intensity for the standard and the
S1C samples treated at different
temperatures

Sample 2θ

Card 17–341 18.86 (10%) 25.05 (100%) 33.64 (45%) 49.79 (40%)

S1C-100 °C 18.82 (40%) 25.09 (100%) 33.57 (80%) 50.08 (60%)

S1C-400 °C 18.92 (30%) 25.17 (100%) 33.69 (65%) 49.94 (47%)

S1C-600 °C 18.98 (25%) 25.04 (100%) 33.69 (58%) 49.86 (42%)

S1C-800 °C 18.63 (15%) 25.01 (100%) 33.59 (66%) 49.66 (46%)
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Fig. 3 X-Ray diffraction patterns of the YVO4:Eu
3+ matrix prepared in the absence of catalyst and treated at (a) 100, (b) 400, (c) 600, or (d) 800 °C
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is a constant related to the shape of the crystallite and is
approximately equal to unity. β, which is experimentally
measured, is the full width of the peak at half of the max-
imum intensity (rad) and is expressed in its squared form as
a squared sum function of the two main contributions,
according to Eq. 2 depicted below. In the latter equation,
β1 represents the contribution of the crystallite size to the
peak broadening, while β2 is the instrumental broadening
contribution.

" ¼ "1
2 þ "2

2 ð2Þ

On the basis of the XRD data, Table 3 displays the
average nanosized crystallites that were produced during
the synthesis of the YVO4 matrix by the modified sol–gel
methodology.

Photoluminescence (PL)

Figure 4 depicts the excitation spectra of Eu3+ ion-
doped YVO4 host samples monitored at the 5D0 → 7F2
transition.

The excitation spectra of the samples were recorded by
fixing the emission wavelength at the Eu3+: 5D0→

7F2 tran-
sition. The bands can be assigned to different excitation
processes. The sharp lines observed in the 350–475 nm
range (f-f transitions) are attributed to transitions from the
7F0 level. The PL spectra of the powders display a broad
band located around 320 nm, which corresponds to the
absorption by the YVO4 host crystal [30].

The Eu3+-O2- charge transfer to the broad band can take
place below 350 nm, but the several publications concerning
YVO4:Eu materials have assigned this band to VO4

3- rather
than to the Eu3+-O2- charge transfer band [31, 32]. This is
because in YVO4:Eu the V5+-O2- charge transfer relative to
VO4

3- occurs much more easily than the one related to Eu3+-

O2- in view of the large differences of charges and ionic
radii between V5+ (r00.0355 nm) and Eu3+ (r00.107 nm)
[24]. Table 4 presents the maximum absorption band in the
excitation spectra registered for the samples prepared in this
work.

The samples prepared in the presence of the catalyst
presented bands at 316 nm, for the sample treated at 400 °
C, and 320 nm, in the case of the samples treated at 600 and
800 °C.

The excitation spectra for the samples prepared in the
presence of the catalyst revealed that the sample treated at
400 °C exhibited a band at 316 nm, while the ones treated at
600 and 800 °C shifted to 320 nm. With respect to the
samples synthesized in the absence of the catalyst, there
was an increase in the excitation wavelength of this broad
band with rising heat-treatment temperature, namely 302,
312, and 324 nm for the samples heated at 400, 600, and
800 °C, respectively. These wavelengths agree with the
change in the symmetry of the ion. In crystalline YVO4,
the Td symmetry of VO4

3- (free ion) is reduced to D2d by the
crystal field, which causes a splitting of the degenerate
energy levels of VO4

3-; the bands at 302 and 320 nm corre-
spond to electric or magnetic dipole-allowed transitions
from the 1A2(

1T1) ground state to the 1A1(
1E) and 1B1(

1E)
excited states of the VO4

3- ion, respectively [31].
The shift in the wavelength can be due to lattice

distortions, because in smaller particles the V-O average
distances are longer as compared to larger particles. The
order factor can be due to disorder, since the Eu3+ ions
can be located on the surface of the annealed samples
and therefore occupy the order lattice site therein [26, 33].
This can be confirmed by X-ray diffraction, crystallite size,
and crystallinity of the samples at different heat-treatment
temperatures.

Figure 5 illustrates the emission spectra of the Eu3+ ion in
the YVO4 host, monitored at the CTB.

Table 2 Peaks and relative
intensity for the standard and the
S1S samples treated at different
temperatures

Sample 2θ

Card 17–341 18.86 (10%) 25.05 (100%) 33.64 (45%) 49.79 (40%)

S1S-100 °C – – – –

S1S-400 °C – 25.17 (100%) 32.65 (94%) –

S1S-600 °C 18.74 (14%) 24.90 (100%) 33.60 (60%) 49.77 (46%)

S1S-800 °C 18.69 (12%) 25.10 (100%) 33.52 (59%) 49.81 (43%)

Table 3 Average crystallite size
for the S1C and S1S samples
treated at different temperatures

Samples

S1C-100 S1C-400 S1C-600 S1C-800 S1S-100 S1S-400 S1S-600 S1S-800

Crystal size
(nm)

6 8 15 28 – 6 42 55

J Fluoresc (2012) 22:899–906 903



The emission spectra of the Eu3+ ion in the YVO4 host,
obtained by excitation at the CTB and 5L6 level, present the
5D0 →

7FJ (J00–4) emission lines of the ion dominated by
the 5D0 →

7F2 (~ 614 nm) electric dipole transition, which is
strongly dependent on the Eu3+ surroundings. When the Eu3
+ ion is situated in a low symmetry site (without inversion
center), the hypersensitive transition 5D0 → 7F2 is often
dominating in the emission spectra. This indicates that the
Eu3+ ion occupies a site without inversion center. The 5D0

→ 7F1 transition (591 nm) is purely magnetic-dipole
allowed, and not restricted by any symmetry [34, 35]. This
is in agreement with the D2d symmetry, which has no
inversion center.

The samples treated at 100 °C do not display a band
in the emission spectra. This can be attributed to energy

loss by vibration mechanisms involving water and solvent
molecules.

The samples excited at the CTB give rise to more defined
peaks as compared to the samples excited at the 5L6 level.
This is because the energy transfer is more efficient than the
direct excitation of the ion.

The emission spectrum reveals the presence of not
only the characteristic transition lines from the 5D0

level, but also of the transitions from the 5D1 and 5D2

levels of the Eu3+ ion, which have very weak intensity.
The presence of emission lines from higher excited states is
ascribed to the low vibration energy of the VO3

- groups
(823 cm−1) [24].

Table 5 lists the lifetime of the 5D0→
7F2 transition when

the sample is excited at the CTB.
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Fig. 4 Excitation spectra of the Eu3+ ion doped into the YVO4 host treated at (a) 400, (b) 600, and (c) 800 °C for 4 h, 5D0→
7F2, λem0614 nm

Table 4 Maximum excitation
wavelength of the samples
prepared herein

Samples

S1C-100 S1C-400 S1C-600 S1C-800 S1S-100 S1S-400 S1S-600 S1S-800

λ (nm) – 316 320 320 – 302 312 324
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Only one lifetime was observed for the samples excited at
the CTB. Excitation at this band thus demonstrated that
energy transfer takes place in only one Eu3+ site. The in-
crease in lifetime with rising heat-treatment temperature can
be explained by reduction in the vibrational modes, which in
turn promotes energy losses. All the samples prepared with
catalyst displayed higher lifetime than the samples prepared
without catalyst. The thermal analysis carried out for the
samples prepared with and without catalyst showed that
weight loss occurred up to 500 °C and around 800 °C,
respectively. This can be due to precursor residues in the
matrix, which can promote vibrational energy loss.

Conclusion

The preparation of YVO4 doped with europium ion by the
sol–gel route has been demonstrated. The YVO4 phases
were obtained at lower temperature than the ones tradition-
ally employed for the synthesis of this matrix by other
methodologies. In addition, different precursors were used
in the present case. The crystal sizes and sample crystallinity
depend on the heat-treatment temperature. The XRD study
showed that the onset of phase formation took place at 100 °C
for the S1C samples, and that only one phase was formed. The
excitation spectra revealed that the energy of the charge

5D0 - 
7F4

5D0 - 
7F3

5D0 - 
7F2

5D0 - 
7F1

5D0 - 
7F0

 S1C 400oC
 S1S 400oC

 S1C 600oC 320 nm
 S1S 600oC 312 nm

 S1C 800oC 320 nm
 S1S 800oC 312 nm

In
te

ns
ity

 (
a.

u.
)

Wavelength (nm)

a 

b c

In
te

ns
ity

 (
a.

u.
)

550 600 650 700

Wavelength (nm)

550 600 650 700
Wavelength (nm)

550 600 650 700

In
te

ns
ity

 (
a.

u.
)

Fig. 5 Emission spectra of the Eu3+ ion in the S1C and S1S YVO4 samples treated at (a) 400, (b) 600, and (c) 800 °C for 4 h and excited at the
CTB

Table 5 Lifetime (τ) of the
samples containing Eu3+ and
excited at CTB → 7F2. The S1C
and S1S samples were annealed at
100, 400, 600, or 800 °C for 4 h

Samples

S1C-100 S1C-400 S1C-600 S1C-800 S1S-100 S1S-400 S1S-600 S1S-800

τ (ms) – 0.98 1.41 1.92 – 0.71 0.84 1.20

J Fluoresc (2012) 22:899–906 905



transfer bands depends on the symmetry of the Eu3+ ion site.
The characteristic red emission of Eu3+ was observed in the
photoluminescence measurements.
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