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a  b  s  t  r  a  c  t

GdVO4:Eu3+ microcrystals  and  nanocrystals  with  different  morphologies  were  successfully  synthesized
via  a simple  hydrothermal  method  in  a wide  range  of  pH  value,  and  characterized  by  X-ray  powder
diffraction  (XRD),  scanning  electron  microscopy  (SEM),  X-ray  energy  dispersion  spectrum  (EDS),  trans-
mission  electron  microscopy  (TEM)  and  photoluminescence  (PL)  spectrometer.  The  experimental  results

3+
eywords:
dVO4

ydrothermal synthesis
hotoluminescence
are-earth ions

indicate  that  the  morphologies  and  photoluminescence  properties  of  GdVO4:Eu crystals  have  a  strong
dependence  on  the  pH  values  of the  solution.  Additionally,  Dy3+/Sm3+ doped  GdVO4 were  synthesized  by
hydrothermal  method,  their  luminescent  properties  were  performed.  The  effects  of annealing  tempera-
ture,  rare  ions  (Eu3+, Sm3+ and Dy3+) doping  concentration  on  the  photoluminescence  emission  intensity
were  also  investigated.  The  GdVO4:Ln3+ (Ln  =  Eu,  Sm,  Dy)  phosphors  show  their  characteristic  emission
under  ultraviolet  excitation  due  to the  efficient  energy  transfer  from  VO4

3− group  to rare  earth  ions.
. Introduction

Rare-earth ions doped rare earth vanadate compounds as phos-
hors, which can emit various colors light owing to the high

uminescence quantum yields originating from the f–f transi-
ion have been widely studied [1–8]. Among these phosphors,
VO4:Eu3+ and GdVO4:Eu3+ as red phosphors have attracted a
onsiderable attention because of their integration of good ther-
al  properties, chemical stability and high photoluminescence

uantum yield, which makes them had a promising application
n color television, field emission displays (FEDs) [9,10],  cath-
de ray tubes (CRTs) [11], light emitting diodes (LED) [12] and
lasma display panels (PDPs) [13,14].  Compared to YVO4:Eu3+,
dVO4:Eu3+ has better temperature properties and the intensity
f the luminescence increases rapidly with the temperature rises,
hich makes it can be applied in high temperature environments

15]. The previous investigation results indicated that the lumi-
escence properties of the phosphors depended on their sizes and
orphologies [16,17], therefore, the controllable preparation of the

ize, microstructure and morphology of the phosphor have been
aid much attention. Recently, GdVO4 with different morphologies
uch as nanowires, nanorods, nanofibers and nanoparticles have

een reported [5,18–22].

In recent years, much attention has been paid to the synthe-
is and characterization of nanomaterials due to their interesting

∗ Corresponding author. Tel.: +86 0595 22690582.
E-mail address: huangml@hqu.edu.cn (M.  Huang).

925-8388/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2011.10.093
© 2011 Elsevier B.V. All rights reserved.

physical and chemical properties, which mainly come from the
quantum-size effect in nano-system and high surface/volume
ratio compared to bulk counterparts [7]. Besides, with the recent
development of displays towards the high quality, efficiency and
miniaturization, the preparation of nanoparticles to meet the
requirement of the host of the phosphors with decreasing size and
narrow size distribution is necessary [23,24]. Beyond that, large
phosphor particles are more likely to be prone to poor adhesion
to the substrate and loss of coating. As well known, different syn-
thesis methods have important effect on material microstructure,
morphology and physical properties. Up to now, several synthetic
routes have been developed to prepare rare-earth ions doped
GdVO4. For instance, solid-state reaction [14], hydro/solvothermal
method [2,18,19], in situ co-precipitation reaction [25,26],  sol–gel
process [27] and electrospinning technology [5].  Among the above
synthesis techniques, hydrothermal method is one of the most
promising solution chemical methods due to its advantages, such
as the powders prepared through hydrothermal route have high
purity, narrow particle size distribution and precise composi-
tion. Besides, hydrothermal conditions are easily controlled. In the
hydrothermal process, the pH value of the solution plays a great
part in modifying the morphology, phase and size of the products.
Chen et al. have synthesized YVO4:Eu3+ nanocrystalline with dif-
ferent morphologies by adjusting the pH value of the solution, and
pointed out the photoluminescence properties changed with dif-

ferent morphologies [17]. Wang et al. have also investigated the
influence of pH values (7–11) in the solution on the morphology and
PL properties of the YVO4:Eu3+ [23]. Calderón-Villajos et al. have
synthesized Tm3+-doped GdVO4 with various morphologies from

dx.doi.org/10.1016/j.jallcom.2011.10.093
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:huangml@hqu.edu.cn
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Fig. 1. XRD patterns of GdVO4:Eu3+ powders synthesized at 180 ◦C for 24 h with
different pH values: (a) 2.0, (b) 4.2, (c) 7.2, (d) 9.3, (e) 11.1.
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 specific combination of conditions (regents, pH, reaction time) in
he template-free hydrothermal synthetic procedure [28]. So one
an easily control the morphology and size of the powders through
he hydrothermal process via adjusting the source of species, pH
alue of the solution, reaction temperature and time.

In this work, we synthesized GdVO4:Ln3+ (Ln = Eu, Sm,  Dy) phos-
hors by a simple hydrothermal method using NaVO3 as vanadium
ource, and the photoluminescence properties of as-prepared sam-
les were performed. The effects of pH, annealing temperature, and

ons doping concentration on the photoluminescence properties
ere also investigated.

. Experimental

.1. Chemicals

Gd2O3 (4N), Eu2O3 (4N), Dy2O3 (3N), Sm2O3 (3N) and NaVO3 (AR) were pur-
hased from Shanghai Chemical Reagent Company, China. Ammonia (25 wt%, AR)
nd HNO3 (AR) were obtained from Guangdong Shantou Xilong Chemical Company,
hina. All reagents were used without any further purification. Ga(NO3)3 stock solu-
ion of 0.1 M was prepared by dissolving the Gd2O3 in dilute HNO3 solution (2 M)
nder continuous stirring and the residual HNO3 was removed by elevated temper-
ture. Other rare earth nitrate stock solutions of 0.02 M were prepared by the same
ethod.

.2.  Preparation of GdVO4:Ln3+ (Ln = Eu, Sm, Dy) powders

GdVO4:Eu3+ powders were prepared by a simple hydrothermal method. The
ypical procedures were as follows: 19 ml  of 0.1 M aqueous solution of Gd(NO3)3

as mixed with 5 ml Eu(NO3)3 solution (0.02 M)  under continuous stirring to
btain a homogeneous solution with a 95:5 of the molar ratio of Gd3+/Eu3+. NaVO3

0.002 mol) was dissolved in 45 ml  of distilled water, subsequently was added drop-
ise into the above mixed solution under constant stirring. In order to adjust pH

alue, 25 wt%  of ammonia solution or HNO3 solution (2 M)  was dropped into the
bove mixture under vigorous stirring. After stirring for 20 min, 70 ml  of the well-
tirred solution was  poured into a 100 ml  Teflon-lined stainless steel autoclave and
eated at 180 ◦C for 24 h. After that, the autoclave was  naturally cooled down to
he  room temperature. The as-synthesized precipitate was filtered, washed with
istilled water and ethanol several times, and then dried at 80 ◦C in the air. The syn-
hetic procedures of GdVO4:Sm3+ or GdVO4:Dy3+ phosphors were prepared as the
ame with GdVO4:Eu3+ sample by replacing Eu(NO3)3 with Sm(NO3)3 or Dy(NO3)3.

.3.  Characterization

Powder X-ray diffraction (XRD) patterns were obtained by X-ray diffractometer
XRD, PANALYTICAL, X’Pert PRO, Cu K�, 40 mA,  � = 0.15406 nm). The morphology
nd  particle size of the as-synthesized products were observed by field emission
canning electron microscopy (FESEM, HITACHI S-4800) and transmission electron
icroscopy (TEM, HITACHI H-7650). The element analyses of the samples were

erformed by X-ray energy dispersion spectrum (EDS, Oxford INCA). Edinburgh
LS920 fluorescence spectrometer equipped with 450 W Xe lamp was used to mea-
ure the photoluminescence properties of the samples. All the measurements were
erformed at room temperature.

. Results and discussion

.1. Phase, structure and morphology

The XRD patterns of the GdVO4:Eu3+ powders prepared by
ydrothermal treatment at 180 ◦C for 24 h with different pH val-
es are shown in Fig. 1. It is found that all the peaks can be indexed
o pure GdVO4, which has a zirconia-type tetragonal structure with
he I41/amd space group (JCPDS Card no. 86-0996). The diffraction
ntensities of the samples decrease evidently with the pH value
ncreasing. This phenomenon can be explained as the nanopar-
icles caused the diffraction peaks broad (see the next SEM and
EM part). No traces of other phases could be detected from the
RD patterns, so small amount of Eu3+-doping does not affect the

etragonal zircon structure of GdVO4. The average particle size of

he nanocrystals can be estimated using the Scherrer equation:

 = K�/ˇ cos �. The strongest peak (2 0 0) was used to calculate the
verage crystallite size of GdVO4:Eu3+ nanocrystals prepared at pHs
.2, 7.2, 9.3 and 11.1. The mean particle size could be calculated to
Fig. 2. XRD patterns of GdVO4:Ln (Ln = Dy, Sm) powders synthesized at 180 C for
24  h with pH value of 7.2.

be 21.6, 32.3, 18.4 and 19.7 nm,  respectively. The calculated results
are close to those observed from TEM images (seen in Fig. 3C–F).

The XRD patterns of GdVO4:Ln3+ (Ln = Dy, Sm)  powders pre-
pared by hydrothermal treatment at 180 ◦C for 24 h at pH 7.2 are
displayed in Fig. 2. All the peaks can be indexed to pure GdVO4
with the cell parameters a = 7.2122 Å and c = 6.3460 Å (JCPDS Card
no. 86-0996). It can be seen that the diffraction peaks of the samples
are sharp and narrow, which means that the GdVO4:Ln3+ (Ln = Dy,
Sm)  phosphors with high crystallinity can be obtained at relatively
low hydrothermal temperature (180 ◦C). This is important for phos-
phors, because higher crystallinity generally means less defects and
stronger luminescence. The calculated unit-cell parameters of the
samples are summarized in Table 1. Compared with bulk GdVO4,
the lattice constants are elongated a little by the introduction of
Eu3+ or Sm3+ ions, but for the doping of Dy3+ ions the lattice con-
stants are shortened a little, indicating that the rare earth ions have
doped into the lattices of the GdVO4 host. That is because the ionic
radius of the Eu3+ (0.947 Å) and Sm3+ (0.964 Å) ions is bigger than
that of Gd3+ ion (0.938 Å), while the ionic radius of Dy3+ (0.912 Å)
ion is smaller than that of Gd3+ ion. The color of the samples syn-
thesized at different pH values is different. The color of GdVO4:Eu3+

powders synthesized at pH 2.0 is deep yellow, pale yellow at pHs

4.2 and 7.2. The white powders are obtained when the pH value
increased to 9.3 and 11.1. GdVO4:Sm3+/Dy3+ powders synthesized
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ig. 3. (A) SEM, (C–F) TEM images for the as-synthesized GdVO4:Eu3+ at different pH
t  pH 7.2.

t pHs 7.2 and 11.1 are pale yellow and white, respectively, and

ame color as GdVO4:Eu3+ powders.

The EDS spectrum, SEM and TEM micrographs of the
dVO4:Eu3+ powders prepared at 180 ◦C for 24 h with different pH
alues are illustrated in Fig. 3. It can be seen that the pH value
s: (A) 2.0, (C) 4.2, (D) 7.2, (E) 9.3, (F) 11.1, (B) EDS spectrum of GdVO4:Eu3+ prepared

of the reaction solution plays an important role in controlling the

morphologies of the final products. The SEM image (Fig. 3A) reveals
that the GdVO4:Eu3+ microcrystals synthesized at pH 2.0 are com-
posed of relatively uniform rhombic particles with edge length in
the range of 1.5–2 �m.  With increasing the pH value to 4.2, the
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Table 1
Unit-cell parameters and the deviations for the as-prepared GdVO4:Eu3+, GdVO4:Dy3+ and GdVO4:Sm3+ nanocrystals synthesized at 180 ◦C for 24 h at pH 7.2.

Samples a, b (Å)/deviations c (Å)/deviations c/a Vol  (Å3)/deviations

JCPDS 86-0996 7.2122 6.3460 0.8799 330.09
3+ 6.3572

6.3884
6.3409
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GdVO4:Eu 7.2227/0.0105 

GdVO4:Sm3+ 7.2428/0.0306 

GdVO4:Dy3+ 7.1978/0.0144 

orphology of the GdVO4:Eu3+ changed evidently (shown in
ig. 3C), the spherical and cubic GdVO4:Eu3+ nanoparticles with the
ize about 20 nm were obtained. Fig. 3D shows the TEM image of
he GdVO4:Eu3+ powder prepared at pH 7.2. It can be found that the

orphologies of the as-prepared GdVO4:Eu3+ do not change much,
nly the particle size become bigger (about 30 nm) compared to
he sample prepared at pH 4.2. When the pH value was adjusted
o 9.3, the morphologies of the products transferred into irregular
hort nanorods (Fig. 3E). The GdVO4:Eu3+ crystals synthesized at
H 11.1 are also composed of irregular short nanorods, shown in
ig. 3F, but the particle size is bigger and the crystallinity is better
ompared with the sample prepared at pH 9.3. As a result, it can be
oncluded that the morphology and particle size of GdVO4:Eu3+

hosphor can be manipulated by adjusting the pH value of the
ydrothermal solution. Fig. 3B shows the energy-dispersive X-ray
pectrum (EDS) analysis of GdVO4:Eu3+ prepared at pH 7.2. The EDS
pectrum confirms the existence of gadolinium (Gd), vanadium (V),
xygen (O) and europium (Eu) in the sample. No other elements can
e detected from the EDS spectrum, which can effectively support
he XRD result (Fig. 1c) of the as-prepared sample.

.2. Photoluminescence (PL) properties

The PL properties of the as-synthesized GdVO4:Ln3+ (Ln = Eu,
m,  Dy) phosphors were characterized by the PL excitation and
mission spectrum. Fig. 4 shows the excitation and emission spec-
ra of the GdVO4:Eu3+ crystals prepared at 180 ◦C for 24 h at pH
.2. The excitation spectrum monitored at 618 nm consists of a
road absorption band with a maximum at 313 nm in the range
f 250–350 nm and several weak lines in the longer wavelength
egion (360–500 nm). The strong absorption band can be assigned
o the charge transfer from the oxygen ligands to the central vana-

ium atom inside the VO4

3− groups. According to the standpoint
f molecular orbital theory, it corresponds to electric or magnetic
ipole-allowed transitions from the 1A2 (1T1) ground state to 1E

1T2) and 1A1 (1E) excited states of the VO4
3− ion [29,30].  The weak
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lines are attributed to the f–f transition within the 4f6 configura-
tion of the Eu3+ ions, but it is very weak with respect to that of the
VO4

3− groups. This phenomenon can illustrate that the excitation
of the Eu3+ ions is mainly through the energy transfer from VO4

3−

groups to the Eu3+ ions [8].
The PL emission spectrum of the GdVO4:Eu3+ nanoparticles syn-

thesized at pH 7.2 is shown in the right side of Fig. 4. The emission
spectrum is composed of several sharp lines ranging from 500 to
750 nm,  which is ascribed to the 5D0 → 7FJ (J = 1, 2, 3, 4) transitions
of the Eu3+ ion. The emission band around 593 nm can be assigned
to the 5D0 → 7F1 magnetic dipole transition, and the emission peaks
located at about 614 and 618 nm could be ascribed to the transi-
tion from 5D0 level to 7F2 energy level, which is an electric–dipole
allowed transition and hypersensitive to the environment. The peak
located at 698 nm can be assigned to 5D0 level transfer to 7F4 energy
level. It can be observed that the peaks from 5D0 → 7F2 are stronger
than that from 5D0 → 7F1 which means that the Eu3+ ions locate
at low-symmetry local sites without an inversion center (D2d sym-
metry) [18,30]. Furthermore, it is noticed that there is no emission
from the VO4

3− groups, indicating that the energy transfer from the
VO4

3− groups to the Eu3+ ions is very efficient.
Fig. 5 shows the excitation and emission spectra of the

GdVO4:Eu3+ crystals prepared at 180 ◦C for 24 h with different pH
values. The excitation spectrum (Fig. 5, left) monitored at 618 nm
with similar shape for the products obtained at different pH val-
ues except the excitation intensities different. From Fig. 5, it can be
clearly seen that the PL intensity decreases dramatically when the
pH value adjusted to 9.3. This phenomenon can be explained by
two aspects: (1) from the above XRD results (Fig. 1), it can be con-
cluded that the crystallinity of the GdVO4:Eu3+ synthesized at pH
9.3 is the worst among these samples, so more defects are existed
in the crystal which leads to the luminescent intensity decreasing.

(2) From the TEM observation, the particle size of the sample pre-
pared at pH 9.3 is smaller than other samples, so more hydroxyl
groups can be absorbed on the surface due to the larger surface
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ig. 6. The photoluminescence emission intensity of GdVO4:Eu3+ (5D0 → 7F2) sam-
le  annealed at different calcination temperatures for 2 h.

rea. It is well known that the hydroxyl groups were to be very effi-
ient quenchers of the luminescence of the lanthanide elements
hrough multiphonon relaxation [23]. The luminescence intensity
f the rhombus-like powders is weaker than the samples prepared
t pHs 4.2, 7.2 and 11.1 owing to large size and shapes lead to the
igher scatting of light [31]. Furthermore, it can be observed that
he position of the predominant peak of the sample synthesized at
H 9.2 is changed to 614 nm in comparison with that of the samples
ynthesized at pHs 1, 4.2, 7.2 and 11.1 respectively from the emis-
ion spectra (Fig. 5, right). These irregular short nanorods possess
arger surface area and high surface energy, which result in the
igher degree of disorder and corresponding lower symmetry of
rystal fields around Eu3+ ions. It is well known that the 5D0 → 7F2
ransition is very sensitive to structure change and environment
ffects. The difference of 5D0 → 7F2 emission peak in relative inten-
ity and positions were due to the difference of the effects of the
rystal field perturbation on the individual f–f transition. Based on
he above understanding, the position of the predominant peak is
ssociated with microstructure and crystallinity [17,23,32].

In order to understand the effect of calcination temperatures
n the photoluminescence property, the GdVO4:Eu3+ phosphor
repared at pH 7.2 was annealed at different calcination tem-
eratures for 2 h. Fig. 6 shows the emission intensities of the
dVO4:Eu3+ phosphor annealed at different calcination tempera-

ures. With the increase of annealing temperatures, the emission
ntensity (5D0 → 7F2) increased, which can be ascribed to the fol-
owing two reasons. Firstly, the calcination progress can improve
he crystallization of the sample and decrease the concentration
f defect [3,5,9,15,17,33–35].  Secondly, the absorbed water or
ydroxyl groups on the surface of the as-prepared samples can be
emoved through the calcination progress [23,34].

The excitation and emission spectra of Sm3+ and Dy3+ doped
dVO4 are shown in Fig. 7A and B respectively. As for GdVO4:Sm3+,

he excitation spectrum (Fig. 7A, left) monitored at 602 nm con-
ists of a broad band with a maximum at 316 nm assigned to VO4

3−

bsorption. Upon 312 nm excitation, the characteristic orange
mission of Sm3+ at 566 nm (4G5/2 → 6H5/2), 602 nm (4G5/2 → 6H7/2)
nd 653 nm (4G5/2 → 6H9/2) can be observed from the emission
pectrum of GdVO4:Sm3+ (Fig. 7B, right). Obviously, the strong
mission of Sm3+ is also due to an energy transfer from VO4

3− group
o Sm3+ ion in GdVO4:Sm3+ phosphor. For GdVO4:Dy3+, as indicated
n Fig. 7B, left, a strong and broad band ranging 250 nm to 350 nm

ssociated with the absorption of VO4

3− can be detected, which
s similar to the GdVO4:Eu3+ and GdVO4:Sm3+ samples. The emis-
ion spectrum of GdVO4:Dy3+ (Fig. 7B, right) is composed of two
180 ◦C for 24 h with pH value of 7.2.

characteristic emission peaks of Dy3+ upon excitation at 313 nm.
The emissions at 483 and 572 nm are associated with the typical
transitions from the 4F9/2 level to 6H15/2 and 6H13/2 respectively.
The intensity of its yellow emission (572 nm)  is stronger than that
of the blue emission (483 nm)  because the Dy3+ ions are located
at the site with a D2d symmetry without an inverse center in the
host of GdVO4. From the above results and analysis, it is known that
the whole excitation and emission process of GdVO4:Ln3+ (Ln = Eu,
Sm,  Dy) under UV radiation include three major steps. The first is
the absorption of UV radiation by VO4

3− groups. The second is the
excited energy is transferred to Ln3+ after a thermally activated
energy migration through the vanadate sublattice. The last one
is the de-excitation process of excited Ln3+ ions, emitting strong
various colors light [6].

In order to clarify the concentration quenching behavior, the
influence of rare earth ions (Eu3+, Sm3+, Dy3+) doping concentration
on the photoluminescence emission intensity of Gd(1−x)VO4:xLn3+

was  investigated and shown in Fig. 8a–c, respectively. It can be
seen that the PL intensities of Ln3+ doped GdVO4 increase with the
increase of rare earth ions doping concentrations, then decrease

with further increase of doping concentrations due to the concen-
tration quenching effect [3,5,26,33,35].  Optimal doping appears at
a specific concentration. The optimum doping concentrations for
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curve depends on the number of luminescence centers, energy
ig. 8. The photoluminescence emission intensities of GdVO4:Ln (Ln = Eu, Sm,  Dy)
ith different doping concentration.

u3+, Sm3+ and Dy3+ are about 7 mol%, 1.5 mol% and 1 mol%, respec-
ively in the GdVO4 host. After a series of optimization process
ncluding adjust pH values, calcination process and change rare
ons doping concentration, the photoluminescence quantum yield
QY) for the as-obtained phosphors was performed by Edinburgh
LS920 fluorescence spectrometer with integrated sphere. The
uantum yields for the Gd0.93VO4:0.07Eu3+, Gd0.985VO4:0.015Sm3+
nd Gd0.99VO4:0.01Dy3+ prepared at pH 11.1 and annealed at 700 ◦C
or 2 h are 64%, 30% and 34% under the excitation of 313 nm,
espectively.
Fig. 9. The luminescence decay curves of GdVO4:Eu3+ (a), GdVO4:Sm3+ (b) and
GdVO4:Dy3+ (c) samples prepared at 180 ◦C for 24 h with pH value of 7.2.

The luminescence decay curves of the GdVO4:Eu3+, GdVO4:Sm3+

and GdVO4:Dy3+ samples are shown in Fig. 9A–C respectively.
All these luminescence decay curves of Eu3+ (616 nm 5D0–7F2),
Sm3+ (602 nm 4G5/2–6H7/2) and Dy3+ (572 nm 4F9/2–6H13/2) in
GdVO4 host can all be fitted to a double-exponential functions
as I = A1 exp(−t/�1) + A2 exp(−t/�2), in which �1 and �2 are the fast
and slow components of the luminescent lifetimes, and A1 and A2
are the fitting parameters. According to the formula � = (A1�2

1 +
A2�2

2 )/(A1�1 + A2�2) [5,7,8,27,36,37], the average lifetimes of Eu3+,
Sm3+ and Dy3+ ions in GdVO4 host lattices are determined to be
1.26, 0.66 and 0.14 ms  respectively, which are in the same order
of magnitude compared with YVO4:Ln3+ (Ln = Eu, Sm,  Dy) phos-
phors as reported in Refs. [7,8]. It is well known that the decay
transfer, defects and impurities. Generally speaking, if there is one
kind of luminescent center in the phosphors, the decay curves can
be fit to single exponential function. Two kinds of luminescent
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enters or more will lead to a multi-exponential behavior [7,8,38],
nd the main reasons of the decay curve fitted by single exponen-
ial or multi exponential function were discussed and summarized
n Ref. [33]. In this case, Ln3+ ions occupy the sites of the Gd3+

ons with the D2d symmetry in the GdVO4:Ln3+ crystals, indicating
hat only one luminescent center exists. So the multi-exponential
ehavior may  be ascribed to the absorbed impurities which lead
o the defects and the quenching centers [7,8]. It is found that
n this case, the average lifetimes of Eu3+ ions in the GdVO4 host
re longer in comparison with 0.552 ms  [5],  0.721 ms  [18], 0.31 ms
20], 0.719 ms  [39] in the GdVO4, and 0.853 ms  in core-shell struc-
ured spherical SiO2@GdVO4 phosphors [27], the average lifetimes
f Dy3+ ions in the GdVO4 is closed to that reported in Refs. [5,20],
hich was at a range of 0.127–0.152 ms,  and the average lifetimes

f Sm3+ ions in the GdVO4 host are longer than that reported in
efs. [5,20].  The average lifetimes of Eu3+, Dy3+, Sm3+ ions differ

rom the host, such as YVO4, YPxV1−xO4 [6–8,40], ZnF2–WO3–TeO2
lasses [41], nanoporous silica spheres [42]. In this case, the aver-
ge lifetimes of Eu3+ ions in the GdVO4 host is closed to that
eported in Refs. [7,40–42]. It is well known that the luminescent
ifetime of rare earth ion is influenced by the structure of the host,
he rare earth located sites (on the surface or bulk) of the host,
efect and impurity [8,18,43]. The defect and impurity may  act as
uenching center, and reduced luminescent lifetime. In this case,

onger lifetime may  be due to the better crystallization and less
efects, which reduces the non-radiative probability and results

n the longer lifetimes. The related mechanism should be further
nvestigated.

. Conclusions

In summary, GdVO4:Ln3+ (Ln = Eu, Sm,  Dy) phosphors were
uccessfully synthesized by a simple hydrothermal method using
aVO3 as vanadium source. The XRD results show that the pure
dVO4 can be obtained under the current hydrothermal condi-

ion (180 ◦C for 24 h) with different pH values. The pH values
f the solution play an important role in the formation of the
dVO4:Eu3+ products with different morphologies and particle
izes. The PL measurement reveals that photoluminescence prop-
rties of the GdVO4:Eu3+ depend on the morphology and the
dVO4:Ln3+ (Ln = Eu, Sm,  Dy) phosphors show strong red, orange
nd yellow emission respectively under ultraviolet excitation. The
hotoluminescence properties of as-prepared samples depended
n annealing temperature and ions doping concentration. The
uminescence decay curves of all the samples can fit well into a
ouble-exponential function and the lifetimes of the Eu3+-, Sm3+-
nd Dy3+-doped GdVO4 host are determined to be 1.26, 0.66 and
.14 ms  respectively.
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