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ABSTRACT

YVO4:Bi** phosphors have been prepared by a convenient high-temperature solid-state method. X-ray
diffraction (XRD), scanning electron microscopy (SEM) and photoluminescence (PL) technologies are used
to study the luminescence properties of YVO,4:Bi** phosphors. The emission and excitation spectra of Bi3*
in the YVOy4 lattice have been investigated at room temperature. The excitation band peaks at 330 nm
in a region among 250-400 nm, and the emission spectrum exhibits an intense yellowish-white broad
emission centered at about 543 nm covering from 400 nm to 800 nm. The full width at half maximum
(FWHM) is about 144 nm. The color coordinates of the as-synthesized YVO,4:Bi3* phosphors are in a range
of x=0.358-0.374, y =0.482-0.496. The dependence of the luminescence intensity on Bi** concentrations
and heat treatment condition has also been discussed. In addition, we found that a little amount of flux
NH,4CI could enhance the Bi3* luminescence intensity.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Many papers on the luminescence properties of the bismuth
have been published [1-4]. Bismuth can exist in materials in dif-
ferent valence states, such as 0, +1, +2, +3, +5, or even mixed
valence states of +1 and +5. In the past few decades, some
researchers have investigated the luminescence properties of Bi3*-
or Bi2*-doped crystals and glasses [5-8]. Recently, bismuth-doped
multicomponent glasses can be used for optical amplification with
super-broadband emission in the near-infrared range [9,10]. In all
of these valence states only Bi3* is normally most stable in most
host materials. The luminescent properties of Bi3* ions and energy
transfer among Bi3* ions or from Bi3* to another activator have
been discussed profoundly [11-13]. Usually, the emission peaks
of Bi3* occur in the ultraviolet, green, or even red wavelength
regions with variation of host materials. For example, red lumi-
nescence is observed in Bi;Ge301; at low temperature [14], while
in other materials such as GaBO3:Bi3* or LaySOg:Bi3*, UV emission
is observed [15]. In LnNbO4:Bi3* the Bi3* shows a blue emission
band [16].

It is well-known that yttrium orthovanadate (YVO,) is a good
lattice which exhibits a high luminescence efficiency [17,18]. Bi3*
can be used as not only an activator but also a sensitizer of lumi-
nescence. Many works have been done on the energy transfer
from Bi3* ion to another activator such as Eu3*, Dy3*, Sm3* in
YVO,4 host lattice when Bi3* acts as a sensitizer [19,20]. How-
ever, few reports solely discussed the luminescence properties of
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Bi3* as an activator in YVO,4 host lattice. In this paper YVO4:Bi3*
phosphors were synthesized by a convenient high-temperature
solid-state method. Bi3* exhibits an intense yellowish-white broad
emission in YVO4 host lattice. We systematically study the syn-
thesis, luminescence properties and the application of YVO4:Bi3*
phosphors as well as flux NH4Cl effect on the Bi3* luminescence
intensity.

2. Experimental
2.1. Synthesis of YVO,4:Bi®* phosphors

All materials were purchased from commercial sources (analytical grade) and
used without further treatment. The mixture of Y,03, NH4VO3; and Bi;03 were
weighted essentially in a stoichiometric proportion. After the mixture was ground
sufficiently, the powder was placed in the alumina crucible and transferred into the
furnace. The samples were heated at a rate of 5 °C/min up to different temperatures
from 800 to 1200 °C and then kept there for 4 h before being taken out of the furnace.
When cooled to room temperature, the samples were milled into powders for the
measurements and applications.

2.2. Characterization

All experiments were taken at room temperature. X-ray powder diffraction
(XRD) pattern was recorded by using a Japan Regaku D/max ¢A X-ray diffractometer
equipped with graphite monochromatized Cu Ko radiation (A = 1.5418 A) irradiated
with a scanning rate of 4° min~'. The morphology of the phosphors was studied by
scanning electron microscopy (HITACHI S4800 operated at 3 kV). The optical prop-
erties of as-prepared samples were investigated by photoluminescence (PL) and
photoluminescence excitation (PLE) spectra, which were taken on a VARIAN Cary-
Eclipse 500 fluorescence spectrophotometer equipped with a 60 W xenon lamp as
the excitation source.


dx.doi.org/10.1016/j.jallcom.2011.07.079
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:xibinyu@shnu.edu.cn
dx.doi.org/10.1016/j.jallcom.2011.07.079

9898 J. Li et al. / Journal of Alloys and Compounds 509 (2011) 9897-9900

12000
10000
3 8000 — T TR TN s
< 71 A 1 L A s
A A A A A A A
2 6000 — 2.0%]
.a | | A l A A N S—
c 1 A 15%
g 4w e R R v 1
E | - e v An A_A A 650/
2000 — LU (VT DO
1 JCPDS 17-0341
0 II PR | ' IIIA " ia | Y L i
L l L l T
20 a0 60 80
2 Theta

Fig. 1. The XRD patterns of Y;_xBixVO4 (x=0.005, 0.01, 0.015, 0.02, 0.03, 0.05) Phos-
phors prepared at 1000 °C for 4 h.

3. Results and discussion
3.1. Preparation of phosphors YVO,:Bi3*

Fig. 1 shows the XRD patterns of Y;_yxBixVO4 (x=0.005, 0.01,
0.015, 0.02, 0.03, 0.05) powers synthesized at 1000°C for 4h.
According to Committee on Power Diffraction Standards (JCPDS)
card 17-0341, YVO4 has a tetragonal structure and its unit cell
parameters are a=7.119A, b=7.119A, c=6.289A. As shown in
Fig. 1, most all of the diffraction peaks of YVO4:Bi3* powers can be
indexed to tetragonal crystalline phase YVO4 with lattice contents
a=b=7.12A and c=6.29 A (JCPDS 17-0341). Only a small shift was
observed because of the introduction of Bi3* ions. The strong peaks
indicate the high crystalline of the as-prepared products, which is
very beneficial for obtaining bright luminescence. Because of the
introduction of Bi3* ions, the (200) diffraction peaks at 26 =25°
shift slightly toward lower 26 values with respect to the standard
card. This observation results from the fact that the ionic radius of
Y3* (0.088 nm) is smaller than that of Bi3* (0.196 nm) [21]. Obvi-
ously, the introduction of Bi3* ions did not influence the crystal
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Fig.3. Room temperature PL(under 330 nm excitation)and PLE spectra of YVO4:Bi3*
at different concentrations.

structure of the host matrix, indicating that we have synthesized
successfully the YVO4 host lattice.

Fig. 2 shows the SEM micrographs of YVO4:1.5% Bi3* powders
obtained at 1000°C for 4 h. From the pictures we can observe that
the particles have a very narrow size distribution with a slight
agglomerate phenomenon, and the edge angles of the grains are
smooth. Their sizes are in the range of 1-2 pm. Such morphology
can be useful for the application of the phosphors.

3.2. The factors influencing the luminescence properties of the
Bi3*-doped YVO,4 phosphors

The luminescence properties of the Bi3*-doped YVO4 phos-
phors were examined. Fig. 3 presents the PLE and PL spectra
of YVO,4:Bi3* phosphors at different concentrations sintered at
1000°C for 4 h. Strong yellowish-white broad emission band cen-
tered at about 543 nm is observed that results from the 3P;-1S,
transition. The excitation spectrum is very broad extending from
254 nm to 400 nm due to the Bi3* 1S,-3P, transition and VO43~ host.
The trivalent Bi3* ion has a configuration 6s% and belongs to ions

Fig. 2. Scanning electron microscope micrographs of YV0O4:1.5% Bi3* powders obtained at 1000 °C for 4 h.
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Fig. 4. (a) The relationship between Bi3* concentration and emission peaks. (b) The
dependence of emission intensity on Bi** concentration.

with ns? configuration. Rare earth doped-YVO,4 phosphors show
line emission where transitions among the 4f%-electron energy
levels come up because the shielding effects of outer electrons
minimize the perturbing influence of the crystal field. However,
YVO,4 phosphors activating with ions show broad emission bands
which involve s-, p-, or d-electrons where considerable perturba-
tion occurs. Hence, under ultraviolet excitation we observe a single
intense broad emission band extending from 400 nm to 800 nm
corresponding to the allowed 3P;-1S, transition of Bi3* ions. The
ground state of the free Bi3* ion is 1Sy and the excited states are 3Py,
3Py, 3P,, and Py in order of increasing energy [1]. As an activator,
excitation usually occurs from the Sy ground state to the 3P; or
1p; excited state because the 1Sy—3Py and 'Sy-3P, transitions are
strongly forbidden. The emission of Bi3* ions originates from the
3P, state at low temperatures, while at higher temperatures the
emission occurs mainly from the 3P; level, in which transition is
allowed by spin-orbit mixing of the 3P; and 1P, states.

Fig. 4(a) shows the relationship between Bi3* concentration and
emission peaks. With the increasing of Bi3*concentration, the emis-
sion peaks move slightly toward longer wavelength, namely, about
from 543 nm to 555 nm. As mentioned earlier, with the change of
the distance among Eu2* ions, the probability of energy transfer
from Eu?* ions at higher levels of 5d to those at the lower 5d lev-
els increases which makes it possible to shift the emission peak to
the longer wavelength with Eu?*concentration increasing [22]. In
YVOy, lattice the Bi3* may show the same characteristics which may
be aroused because of the Bi3* 6s6p — 6s, orbit transition.

The concentration quenching of the Bi3* ions was studied on
powder samples. The intensity of 3P;-!S transition of Bi3* ions
in YVO,4 host is shown in Fig. 4(b) as a function of the Bi3* con-
centration. Bi3* was substituted for Y3* in YVO, lattice in various
concentrations. The incorporated amount of Bi3* was always lower
than the weighted amount of Bi3*, resulting from the loss by vapor-
ization. In view of problems of this kind it was not possible to
obtain a complete range of compounds with continuously varying
Bi3* concentration. In this paper, all the Bi3* concentrations were
calculated on the basis of theory values. We observed that the con-
centration quenching started between 0.5% and 2.5% Bi3* ions. The
energy transfer between Bi3* ions can be expected to be very effi-
cient in YVO, lattice. Former works have investigated about the
concentration quenching of Bi3* ions in some hosts. The critical
concentration of Bi3* ions for concentration quenching is always
lower though there is a little difference for differing hosts. Kel-
lendonk proposed that the concentration quenching in YA13B401>
started between 0.5% and 1% Bi3* ions [1]. In YVO, lattice, with
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Fig. 5. (a) The dependence of emission intensity of YVO4:1.5% Bi** on the sinter-
ing temperatures. (b) The XRD patterns of YVO,4:1.5% Bi** phosphors prepared at
different temperatures.

the increasing of Bi3* concentration, the Bi3* emission intensity
increase because of the efficient VO43-Bi3* energy transfer. The
emission intensity reaches its maximum at x=0.015. When Bi3*
ion concentration is more than 1.5 mol¥%, efficient Bi**-Bi3*energy
transfer would take place due to the near distance between Bi3*
ions, resulting in the concentration quenching effect.

There are several factors which may influence the Bi3* lumines-
cence intensity in YVO4 host. We found that the intensity of the
Bi3* emission in YVO4 host was obviously temperature dependent.
From Fig. 5(a) we can observe that 1000 °C is the optimum sinter-
ing temperature for their preparation. The as-synthesized powders
obtained after heat treatment at different temperatures were char-
acterized by XRD (Fig. 5(b)). From Fig. 5(b), the diffraction peaks
of all powers obtained at different temperatures can be indexed to
tetragonal crystalline phase YVO4 (JCPDS17-0341). The peak posi-
tion did not change with the change of heating temperatures, but
the peak intensity increased slightly at 1000 °C, indicating the best
crystalline at 1000 °C. However, the diffraction peak intensity did
not change obviously, so we deduce that vaporization at higher
temperatures could make the Bi3* luminescence intensity come
down because the Bi3* concentration decrease.

The flux NH4Cl on the effect of fluorescence intensity of
YV0,4:1.5% Bi3* phosphors also was investigated. From Fig. 6 we
found that when the flux NH4Cl is 1-5% of the whole samples qual-
ity the Bi3* emission intensity can increase clearly. The optimum
content of NH4Cl is about 1% of the whole sample mass which
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Fig. 6. The flux NH4CI on the effect of luminescence intensity of YVO,4:1.5% Bi3*
phosphors obtained at 1000°C for 4 h.
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Fig. 7. CIE color coordinates of YVO4:Bi** phosphors obtained at different concen-
trations: (a) 0.5% Bi** (0.359, 0.482), (b) 1% Bi* (0.364, 0.487), (c) 1.5% Bi3>* (0.366,
0.491) and (d) 3% Bi** (0.374, 0.496).

increases the relative emission intensity of the YVO,4:1.5% Bi3* by
about 6%. The results show that the use of NH4Cl as flux can help to
crystallize the phosphor, and enhances the intensities of the excita-
tion and emission spectra of the YVO4:1.5% Bi3* phosphors. The flux
mechanism for the improvement of the photoluminescence char-
acteristics of the YV0,4:1.5% Bi3* phosphors may result from the
fact that NH4Cl melts at a low temperature to form liquid phase,
which accelerates the velocity of the chemical reaction, prompting
the Bi3* ions to enter the YVO, lattice through grain boundary dif-
fusion and improving the morphology of particles, endowing them
with smooth surfaces and well-proportioned distribution, resulting
in the improvement of the photoluminescence [23].

Emission color was analyzed with the help of CIE (Commission
Internationale de I' Eclairage) chromaticity coordinates diagram.
The color coordinates of the as-synthesized YVO,4:Bi3* phosphors
are in a range of x=0.358-0.374, y = 0.482-0.496. The color coordi-
nates of Y{_,BixVO4 (x=0.005,0.01,0.015, 0.03) are shown in detail
in Fig. 7. We found that with the increasing of Bi3*concentration
the color coordinates move toward top right corner, namely the
color becomes yellowish-green. It is clear from the figure that color
coordinates of the as-synthesized samples are located near to white
region on the chromaticity diagram.

4. Conclusions

The yellowish-white YVO,4:Bi3* phosphors were synthesized by
a convenient high-temperature solid-state method, 1.5% Bi3* the
optimum concentration and 1000 °C being the optimum sintering
temperature for their preparation. When the flux NH4Cl is 1% of
the whole samples quality the Bi3* emission intensity can increase
by about 6%. The Bi3* shows an intense wide emission band with
FWHM of 144 nm and broad excitation band ranging form 200 to
370 nm, so they may be hopeful in the use of high pressure mercury
lamp and tricolor conversion phosphors. In addition, Bi3*-doped
YVO4 phosphors, which have a wide emission band including the
blue region and the green region ranging from 400 nm to 800 nm,
can make the useful visible white spectrum.
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