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Abstract

Nanocrystalline YVO4:Eu
3+ was synthesized by direct precipitation reaction, which was then annealed at different temperatures.

The results of XRD showed that nanocrystalline YVO4:Eu
3+ could be obtained in solution at 60 1C, and the mean particle sizes of

samples are increased as annealing temperature is increased. The results of TEM exhibit that the sizes of samples are around

5–30 nm. Studies on the excitation spectra show that there are a large number of the structural distortions in smaller particles. By

analyzing line splitting patterns and peaks broadening in the emission spectra, we consider that the deviations in intensity patterns of
5D0–

7F2 are affected by distortions of crystal lattice. Some abnormal behaviors can be attributed to higher ratio of surface to

volume, which lead to the different local symmetry environment of Eu3+ ions on the surface.

r 2005 Elsevier Inc. All rights reserved.
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1. Introduction

In recent years, rare-earth-doped nanocrystalline
phosphors have attracted great interest. The main work
concerns the synthesis and the spectrum changes of
nanoparticles. The results of much work indicate that
the surface and the lattice distortions play important
roles in luminescent properties of nanocrystals. It is well
known that the differences of local structure of Eu3+

ions should lead to spectral changes for decreased grain
size. The luminescence spectrum of Eu3+ ions itself can
be used to probe its crystal environment, about which a
large number of studies have been achieved [1–8].
Among the different host materials researched, much
attention has been given to YVO4:Eu

3+, which was used
as red phosphor in color television cathode ray tube
displays and high pressure mercury lamps, not only
because bulk materials exhibit a high luminescence
e front matter r 2005 Elsevier Inc. All rights reserved.
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efficiency, but also because it can be crystallized at low
temperatures to obtain much smaller nanocrystals easily
[9–16].
Different methods have been used to prepare

YVO4:Eu
3+ since it was introduced by Levine and

Pallia in 1964 [17], for example, high temperature solid
state method [18], hydrolyzed colloid reaction technique
[19], solution combination method [20], hydrothermal
methods [8,10] and urea precipitation technique [21], etc.
Among these techniques, wet chemistry methods have
been shown to be very powerful technique to prepare
well-dispersed nanoparticles with a controlled size,
shape, and surface state. However, either synthesis
routes are complicated, or spectrum investigations are
based on the colloidal aqueous solutions, in which OH�

ions quench the emission from Eu3+ ions.
In this paper, a simple direct precipitation method

was adopted to synthesize YVO4:Eu
3+ nanoparticles by

considering the reaction mechanism of vanadate, and
the structures and the luminescence spectra of YVO4

Eu3+ nanoparticles were investigated.
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Fig. 1. XRD patterns of YVO4:Eu
3+ nanoparticles.
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2. Experimental section

YVO4:Eu
3+ nanoparticles were prepared by direct

precipitation reaction, because the formation of vana-
date groups is sensitive to the pH of solution, and the
dependence of particle size on pH has been investigated
earlier [10–12]. Optimization of the experimental condi-
tions led us to choose the following experimental
conditions:
A solution of NH4VO3 (40ml; 0.05mol/L) was

adjusted to pH 12.5 with NaOH. The mixture of
solution of Y(NO3)3 (38ml ;0.05mol/L) and Eu
(NO3)3 (2mL; 0.05mol/L) were added dropwise, a
yellow opalescent colloid was observed, and the pH of
solution was stabilized at about 8 after 10min. The
colloids were subsequently heated to 60 1C for 1 h with
magnetic stirring, a milky colloid containing the
nanocrystalline YVO4:Eu

3+ has been obtained. Nano-
particles were separated from the reaction solution by
filtering, and washed with distilled water for several
times; finally, powders of the nanocrystalline
YVO4:Eu

3+ were obtained by drying at 60 1C in an air
atmosphere. In order to investigate the structure and
luminescence properties of nanoparticles, different por-
tions of powders were heated at 300, 400 and 600 1C for
2 h, respectively.
The structures of the products were recorded with an

RIGAKU D/MAX II B X-ray powder diffractometer
with CuKa(l ¼ 0:15406 nm) radiation generated at
40 kV/20mA. The morphology of obtained samples
was studied with a JEOL JEM-2010 transmission
electron microscope operated at 200 kV. Photolumines-
cence was observed with a Hitachi F-4500 fluorescence
spectrophotometer equipped with a 150W Xe lamp at
room temperature.
Fig. 2. The TEM images of samples prepared at different tempera-

tures: (a) at 60 1C, (b) annealed 600 1C.
3. Results and discussion

3.1. Structural characterization of the nanoparticles

The XRD pattern of nanocrystalline YVO4:Eu
3+, as

well as ones annealed at different temperatures, is shown
in Fig. 1, which can be indexed as tetragonal zircon
structure (JCPDS File No.17-0341). The results exhibit
that pure phase YVO4: Eu

3+ can be obtained at 60 1C,
and the diffraction intensities of samples are increased
due to much better crystallization as annealing tem-
perature is increased. By applying the Scherrer formula
to the full width at half maximum of the (200)
diffraction peak, the mean particle sizes could be
calculated as 5, 10, 12 and 18 nm for initial nanoparticles
and the samples annealed at 300, 400 and 600 1C,
respectively. Obviously, the grain sizes of YVO4:Eu

3+

samples depend on the annealing temperature.
Fig. 2 shows the TEM images of samples prepared at
different temperatures (60, 600 1C), the mean particle
sizes estimated were 5 and 25 nm, respectively, the
primary crystal sizes are consistent with the results from
XRD, however, there is a tendency to agglomerate
larger particles for the initial nanoparticles (Fig. 2a).
Ellipsoidal particles annealed at 600 1C consist of
numerous small particles, this is a consequence of the
aggregation of primary particles. The results also display
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that more defects may exist in the annealed nanoparti-
cles. The electron diffraction patterns are shown in the
inset of Fig. 2a and b, further confirming the structure of
the nanoparticles, indicating much better crystallization
occurred as annealing temperature increased.

3.2. Optical properties of the nanoparticles

The excitation spectra of the nanoparticles YVO4:Eu
3+

monitored at 614nm, are shown in Fig. 3a. Excitation
spectra of four examples exhibit a strong broad overlap
absorption in the range of 200–360nm, which are assigned
to charge transfer bands of Eu–O and V–O. Much weaker
narrow bands in the range of 360–500nm correspond to
direct excitation of the Eu3+ ions of 4f manifold
(7F0,1–

5D4,
7F0,1–

5Gj,
5L7,

7F0,1–
5L6), consistent with

spectral characterizations observed in previous work
[1,8]. Some small differences can be observed. First, for
the charge transfer band, except when the excitation
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Fig. 3. The excitation spectra of the nanoparticles YVO4:Eu
3+:

(a) Excitation spectra from 200 to 500 nm. (b) Excitation spectra from

360 to 500 nm.
intensity increase with the increasing treatment tempera-
ture, it is clear that the charge transfer band of V–O
systematically shifts to longer wavelength with increasing
annealing temperature. The reason for these alterations
may be due to lattice distortions, because the V–O average
distances for smaller nanoparticles are longer than for
larger nanoparticles, and the excitation energy required is
higher for V+5On

�2n-V+4On
�2n+1; Second, for the

direct excitation band of Eu3+ ions, it is very interesting
that the intensity and width order of excitation peaks for
different samples have different; the enlarging excitation
spectra from 360 to 500nm are shown in Fig. 3b. This
results from two competitive effects: the amount of Eu3+

ions with disorder on the surface and much better
crystallization. Considering higher surface/volume ratios
in nanocrystals, more Eu3+ ions locate on the surface or
near the surface with disorder compared to interior Eu3+

ions. These reasons lead to the higher intensity and the
broader excitation band for initial nanoparticles. When the
annealing temperature is increased, nanoparticles grow,
which reduces the Eu3+ ions on the surface. This makes
the excitation intensity weaker for samples annealed at 300
and 400 1C, however, the excitation intensity of samples
annealed at 600 1C become stronger. This is because more
Eu3+ ions on the surface have occupied the order lattice
site due to obtain energy enough.
In YVO4 structure, the Eu

3+ ions have D2d symmetry
with the absence of an inversion center. The splitting
patterns of energy levels have been calculated. As
reported in previous work, for the bulk YVO4:Eu

3+,
the emission spectra mainly consists of 5D0–

7F2 (a
typical electric dipole transition) and 5D0–

7F1 (a typical
magnetic dipole transition), and the emission of
vanadate groups have been quenched due to effective
transfer energy to Eu3+ ions instead of Y3+ ions
[8–9,15].
Fig. 4 displays the emission spectra of the nanopar-

ticles prepared at different temperatures. It is noticed
that the splitting patterns of 5D0–

7FJ transitions in
nanoparticles are corresponding to the bulk materials,
no obvious vanadate groups emission band can be seen,
this indicates that excited vanadate groups have
completely transferred energy to Eu3+ by phonons.
We can confirm that europium ions occupy the host
lattice instead of Y3+ ions, although nanoparticles were
synthesized at 60 1C. By comparison, the relatively
intensity patterns of the lines belonging to the 5D0–

7F2

transition, 5D0–
7F2 (doubly degenerated E state)

and 5D0–
7F2 (the singlet B2 state), respectively, are

different from that in the bulk. It is well known that the
oscillator strength of these transitions is affected by
distortions that obey selection rules for electromagnetic
transitions in dodecahedral symmetry [15]. Thereby, the
distortions in nanocrystalline YVO4:Eu

3+ synthesized
in the solution at 60 1C may exist, and influence the
luminescence spectra.



ARTICLE IN PRESS

500 525 550 575 600 625 650 675 700 725

293nm excitation

In
te

n
s
it
y
/a

.u
.

Wavelength/nm

468nm excitation

Fig. 5. Emissions spectra of YVO4:Eu
3+ initial nanoparticles (Under

293 and 468nm excitation).
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Fig. 4. Emissions spectra of YVO4:Eu
3+ nanoparticles (Under 293 nm

excitation).
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Similarly the 5D0–
7F1/

5D0–
7F2 intensity ratios show

that the environment of Eu3+ ion is almost the same in
all nanoparticles synthesized. The slightly broaden
emission peaks for initial nanoparticles are observed,
and the tendency of a broadened emission peak is
reduced with temperature increase, this is possibly
related to some structure distorts due to lower crystal-
line temperature.
Fig. 5 displays emission spectra of initial nanoparti-

cles, which were excitated by the 293 and 468 nm,
respectively. It is observed that broad emission bands
with stronger relative intensity of 5D0–

7F1 transition are
revealed under 468 nm excitation, whereas these features
are much weaker under 293 nm excitation. All these
results are associated with the different local symmetry
environment of Eu3+ ions excited. These behaviors can
be attributed to a higher ratio of surface to volume and
a larger number of defects on the surface.
4. Conclusions

YVO4:Eu
3+ nanoparticles were prepared by direct

precipitation reactions, and annealed at 300, 400 and
600 1C. The results of XRD show that nanocrystalline
YVO4:Eu

3+ can be obtained in solution at 60 1C, and
the grain sizes of YVO4:Eu

3+ depend on the annealing
temperature. The morphology was determined with
TEM, which found that the sizes of samples were
around 5–30 nm. The excitations and emission spectra
were studied. Some differences in spectra for the smaller
nanopaticles synthesized can be seen, such as alteration
of charge transfer band, abnormal intensity order of
direct excitation lines of the Eu3+ ions in excitation
spectra for different samples, broadening peaks in the
emission spectra, and different relative intensity belong
to 5D0–

7F2 in emission spectra. We can conclude that
structural distortions and defects existed in the small
particles of samples synthesized, and the characteristics
of Eu3+ ions relate to different local symmetry
environment.
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