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ABSTRACT: YPO4 nanoparticles codoped with Eu3þ

(5 at. %) and Bi3þ (2-10 at. %) have been synthesized
by a simple coprecipitation method using a polyethy-
lene glycol-glycerol mixture, which acts as capping
agent. It has been found that the incorporation of Bi3þ

ions into the YPO4:Eu
3þ lattice induces a phase

transformation from tetragonal to hexagonal, and also
a significant decrease in Eu3þ luminescence intensity
was observed. This is related to the association of the
water molecules in the hexagonal phase of YPO4 in which the nonradiative process from the surrounding water molecules around Eu3þ is
dominating over the radiative process. On annealing above 800 �C, luminescence intensity recovers due to significant removal of water.
900 �C annealed Bi3þ codoped YPO4:Eu

3þ shows enhanced luminescence (2-3 times) as compared to that of YPO4:Eu
3þ. When

sample was prepared in D2O (instead of H2O), 4-fold enhancement in luminescence was observed, suggesting the extent of reduction of
multiphonon relaxation inD2O.This study illustrates the stability of watermolecules even at a very high temperature up to 800 �C in Eu3þ

and Bi3þ codoped YPO4 nanoparticles.

1. INTRODUCTION

Rare-earth phosphates (REPO4) are used as a host in lumi-
nescence materials,1 and the crystal structure of the REPO4

changes from tetragonal to monoclinic as the ionic size of RE3þ

increases.1-3 However, hexagonal phase is formed irrespective of the
ionic size of RE3þ if the water molecules (2-3) are associated in a
unit cell during preparation, and this phase is stable even at higher
temperature. This was reported in the hexagonal phase of EuPO4 in
which water molecules are stable up to 600 �C.4 A similar observa-
tion was reported in other systems like CuSO4 3 5H2O in which
water molecules are stable up to 200 �C.5 Recently, our group
(Ningthoujam and his co-workers)2 found that water molecules can
be retained up to 800 �C in hexagonal phase of Ce3þ codopedYPO4:
Eu3þ. If the water molecules are associated in the hexagonal phase,
luminescence intensities are almost quenched.2

It has been reported that codoping of Bi3þ ions improves
the luminescence intensity of RE3þ doped compounds such as
Y2O3:Eu

3þ, Bi3þ, LnVO4:Eu
3þ, Bi3þ on UV excitation.6,7 This is

because of the energy transfer from Bi3þ to the RE3þ ions. Bi3þ

acts as sensitizer, whereas Eu3þ acts as activator. Bi3þ ions have
the absorption peak at 330 nm and emission peak at 410 nm. In
case of Eu3þ ions, the intensive absorption peak is obtained at
395 nm and emission peaks are at 591 and 617 nm, and because
of this, Eu3þ doped compounds are used as red emitter in display
and lighting applications.8,9 The maximum energy transfer from

Bi3þ to Eu3þ is possible if the nonradiative processes surrounding
the Bi3þ is kept to a minimum. In addition to this, overlapping of
electric dipole fields of sensitizer (emission) and activator
(absorption) is also a major requirement for energy transfer. So,
the role of Bi3þ in enhancement of luminescence in Eu3þ doped
Y2O3 and LnVO4 is still confusing. Could it be a case of energy
transfer fromBi3þ to Eu3þ in the case of Bi3þ codopedYPO4:Eu

3þ?
So far, there are no detailed studies in luminescence.

In this study, we found that luminescence intensity decreases
with the increasing Bi3þ content in as-prepared YPO4:Eu

3þ. This
is related to the association of the water molecules in the
hexagonal phases of YPO4 in which the nonradiative process
from surrounding water molecules is dominating over the
radiative process. Interestingly, luminescence intensity can be
recovered after annealing above 800 �C at which the phase
change from hexagonal to tetragonal structure takes place. Also,
we observed that Bi3þ doping increases the luminescence
intensity for the compounds annealed above 800 �C.

2. RESULTS AND DISCUSSION

2.1. XRD Study. Figure 1a shows the X-ray diffraction (XRD)
patterns of as-synthesized pure YPO4, Eu0.05Y0.95PO4, and
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BixEu0.05Y0.95-xPO4 (x = 0.02, 0.05, 0.07, and 0.10). As-synthe-
sized pure YPO4 is well-crystalline tetragonal phase (JCPDS card
no. 11-0254). The Eu0.05Y0.95PO4 also shows a well-crystalline
tetragonal systemwith extra diffraction peaks (marked by symbol
“*”), while the Bi3þ codoped samples show a complete hexagonal
phase (JCPDS card no. 42-0082). However, these extra peaks are
weak as compared to those of the tetragonal phase. With the
codoping of the Bi3þ ions, the tetragonal phase has been fully
converted to the hexagonal phase. At higher codopant concen-
tration of Bi3þ (10 at. %), additional hexagonal peaks relating to
the BiPO4 phase (JCPDS no. 45-1370) are observed (marked
with symbol “#”). This result suggests that Bi3þ ions can be
incorporated to YPO4:Eu

3þ up to a maximum of 7 at. % and
above which, it leads to the formation of a new phase of BiPO4

and also affects the luminescence intensity (as explained later).
Based on the tetragonal structure, lattice parameters of pure
YPO4 are a = 6.897 and c = 6.037 Å. The lattice parameters, unit
cell volume, and crystallite size calculated for all the samples are
summarized in Table S1 (see the Supporting Information) along
with the reported values of YPO4 (JCPDS card no. 11-0254,
tetragonal structure) and hydrated YPO4 3 0.8H2O (JCPDS card
no. 42-0082, hexagonal structure). Unit cell volume increases
slightly with Eu3þ or Bi3þ doping in YPO4, which suggests
the substitution of Y3þ (1.01 Å) ion by Eu3þ (1.07 Å) or Bi3þ

(1.17 Å). The hexagonal phase contains water in hydrated form
as A0.05Y0.95PO4 (A = Eu3þ or Bi3þ) 3 nH2O (YPO4 3 0.8H2O,
JCPDS card no. 42-0082). Figure 1b shows the XRD diffraction
pattern of Bi0.02Eu0.05Y0.93PO4 at different annealing tempera-
tures along with the JCPDS card nos. 11-0254 and 42-0082. The
as-prepared sample for the Bi3þ (2 at. %) codoped Eu0.05Y0.95-
PO4 represents XRD patterns resembling the hydrated hexago-
nal phase of JCPDS card no. 42-0082. With the increase
of the annealing temperature, the crystallinity increases for both
the tetragonal and the hexagonal phases. The hexagonal phase
transforms to a tetragonal phase at higher temperature (800 �C
onward), which can be attributed to the dehydration of the
hydrated hexagonal phase of YPO4. In our previous work on the

Ce3þ codoped YPO4:Eu
3þ, the phase transition from hexagonal

to tetragonal structure was observed at an annealing tempera-
ture of 900 �C.2 The crystallite size calculated for Bix-
Eu0.05Y0.95-xPO4 (x = 0.02, 0.05, 0.07, and 0.10) at different
annealing temperatures was in the range of 21-36 nm. XRD
diffraction patterns of BixEu0.05Y0.95-xPO4 (x = 0.05, 0.07, and 0.10)
also show a transformation from the hydrated hexagonal to dehy-
drated tetragonal phase with increasing annealing temperatures as
shown in Figure S1 (see the Supporting Information).
Zollfrank et al.4 also reported a phase transformation from

hydrated europium(III) orthophosphate (EuPO4 3 nH2O) of
hexagonal crystal structure to monoclinic nonhydrated EuPO4

at 600 �C. In an earlier work,10 it has been shown that the phase
transformation from hydrated hexagonal to dehydrated mono-
clinic structure takes place in the temperature range of 200-
230 �C. It is established that water molecules can be made
stable up to a very high temperature (800-900 �C) in such com-
pounds. When the concentration of Bi3þ ion increases, the
relative peak intensity of the (102) plane with respect to the
highest peak (111) plane increases. Also, in all 500 and 700 �C
heated samples, the peak intensity variation in (111) and (102)
planes is marginal. Figure S2 (see the Supporting Information)
shows the XRD patterns of 900 �C annealed samples of YPO4

codoped with Eu3þ and Bi3þ.
2.2. TGA and DTA Studies. Thermogravimetric analysis

(TGA) and differential thermal analysis (DTA) were utilized
to analyze the thermal properties of Bi0.02Eu0.05Y0.93PO4 as
shown in Figure 2a. The initial weight loss of 2% in TGA curve
below 200 �C, accompanied by an endothermic peak at 184 �C, is
assigned to the loss of water molecules present on the surface of
the sample.1 The crystal structural transformation from hexago-
nal phase (hydrated) to tetragonal phase (dehydrated) as pre-
sented in the preceding section is observed as a sharp exothermic
peak at 889 �C. The slight difference in phase transition is due to
the difference in the duration of annealing at particular tempera-
ture. It is to be noted that the apparent increase in weight (TGA
curve) above 600 �C is due to instrument artifact.

Figure 1. XRD patterns of (a) as-prepared samples of YPO4 codoped with Eu
3þ and Bi3þ and (b) Bi0.02Eu0.05Y0.93PO4 annealed at different annealing

temperatures along with JCPDS card nos. 42-0082 (hexagonal) and 11-0254 (tetragonal). (Symbols “*” and “#” indicate the hexagonal phase of YPO4

and BiPO4, respectively.)
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2.3. IR Study. Figure 2b shows the IR spectra of Bi0.02Eu0.05
Y0.93PO4 at different annealing temperatures (as-prepared, 500
and 900 �C) prepared with PEG and EG. All the analyzed
samples show the typical peaks of (PO4)

3- at 526 and 647 cm-1,
attributed to bending vibrations commonly known as the ν4
region,11 and strong bands centered at 1110 and 1077 cm-1merged
together, corresponding to stretching vibrations generally known
as the ν3 region.12 Peaks correspond to bending and stretch-
ing vibrations, for the O-H group as well as the stretching vibra-
tions of H-C-H groups are also observed. The reduction
in the intensity of the O-H vibration in the 900 �C heated
Bi0.02Eu0.05Y0.93PO4 further confirms the transition from a hexago-
nal hydrated to a tetragonal dehydrated phase. Figure 2c shows IR
data of Bi0.02Eu0.05Y0.93PO4 prepared in D2O and H2O solvents in
the absence of capping agent PEG and EG. Only the data range
1000-4000 cm-1 is shown to see their vibration absorptions. The
stretching vibration of O-D is observed around 2500 cm-1, which
is less than that of O-H (3450 cm-1).
2.4. TEM Study. Figure 3a shows the transmission electron

microscopy (TEM) image of the 500 �C annealed Bi0.02Eu0.05-
Y0.93PO4. Nanorods having diameter of 15 nm and length of

0.2-0.8 μm can be observed. The left column of Figure 3 shows
the full length view of nanorod bundles and the selected area
electron diffraction (SAED) image of the sample, which repre-
sents a well-crystalline sample. The 900 �C heated sample shows
various shapes of nanoparticles (the right column of Figure 3).
When the annealing temperature is increased to 900 �C, the
nanorods become distorted and break up into smaller particles, as
can be seen in Figure 3D. Numbers of pores or holes could also be
observed in the distorted nanorods. The SAED study (Figure 3E, F)
shows that the sample is well crystalline. The emergence of pore or
holes alongwith the distortion of nanorods could be due to the voids
left by the loss of water molecules when the hexagonal hydrated
phase changes to the tetragonal dehydrated phase as discussed ear-
lier. In our earlier work on Ce3þ codoped YPO4:Eu

3þ, we observed
a similar transformation of the nanorods to disoriented nanoparticles
as well as the emergence of pores with heat treatment.2 The trans-
formation occurs in the temperature range of 800-900 �C in
CexEu0.05Y0.95-xPO4, but in the present study, it is observed in
the 700-800 �C temperature range.
2.5. Photoluminescence Study. 2.5.1. Excitation and Emis-

sion Studies. Figure S3 (see the Supporting Information) shows
the excitation and emission spectra of as-prepared Eu0.05Y0.95-
PO4 nanoparticles. In the excitation spectra monitoring the
emission at 593 nm, a broad peak centered at 250 nm is observed
which is attributed to the Eu-O charge transfer band (CTB).
This arises from the transition of 2p electrons of O2- to the
empty 4f orbitals of Eu3þ ions. We could also observe peaks at
318, 362, 376/381, and 395 nm, which correspond to
7F0,1f

5H3,6,
7F0,1f

5D0,
7F0,1f

5G1,
5L7, and

7F0f
5L6 transi-

tions of Eu3þ, respectively.8 The emission spectrum of as-
prepared Eu0.05Y0.95PO4 nanoparticles excited at 395 nm shows
the peaks of Eu3þ at 593 and 618 nm corresponding to the
magnetic dipole transition (5D0f

7F1) and electric dipole transi-
tion (5D0f

7F2), respectively.
8 Also, emission peaks at 650 and

697 nm are observed.
Figure 4a shows the emission spectra of BixEu0.05Y0.95-xPO4

(x = 0, 0.02, 0.05, 0.07, and 0.10) when excited at 395 nm. To
compare the luminescence intensity, the area under the magnetic
and electric dipole transitions was measured by fitting with
Gaussian distribution function. All the fittings were carried out
in the range of 580-605 and 605-630 nm for magnetic
(5D0f

7F1) and electric dipole (5D0f
7F2) transitions, respec-

tively. The integrated areas for the magnetic and electric dipole
transitions of Eu3þ as well as their full widths at half-maximum
(fwhm) for the BixEu0.05Y0.95-xPO4 (x = 0.02, 0.05, 0.07, and
0.10) at different annealing temperatures (as-prepared, 500, 700,
800, and 900 �C) have been summarized in Table S2 (see the
Supporting Information). The luminescence intensity of Eu3þ

decreases suddenly with increase of the Bi3þ codopant concen-
trations. Above x = 0.2, luminescence intensity is almost con-
stant. The decrease of the luminescence intensity is mainly due to
the presence of the H2O, which is an efficient luminescent
quencher through multiphonon relaxation. There is a slight
increase in the luminescence intensity at excess Bi3þ codoping
(10 at. %), which might be an effect from the formation of the
new phase of BiPO4 (as was also observed in the XRD study).
The presence of watermolecules in the samples acts as primary

centers of nonradiative transition. The rate of the nonradiative
transition, R0, is exponential and can be expressed as R0 = A
exp[-(ΔE- 2hνmax)B], where A and B are constants.ΔE is the
difference in energy between the excited and ground states of
Eu3þ ion. νmax is the highest available vibrational mode of the

Figure 2. (a) TGA/DTA and (b) IR spectra of Bi0.02Eu0.05Y0.93PO4

(prepared with PEG and EG) at different annealing temperatures and
(c) IR spectra of Bi0.02Eu0.05Y0.93PO4 (prepared without PEG and EG)
in different solvents (H2O and D2O).
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surroundings of the rare earth ion. In Eu3þ ion, ΔE is about
10 000-15 000 cm-1, and the value is comparable with the
third/fourth overtone stretching vibration of the O-H group
(3450 cm-1). This O-H functional group arises from water
molecules absorbed or associated with hexagonal structure. Now,
the R0 value becomes large because ΔE≈ 2hνmax. This results in a
(space) significant extent of nonradiative transfer of energy from
the excited state of Eu3þ ion to the different vibration modes of
O-H species, leading to the reduction in Eu3þ luminescence
intensity. The nonradiative transfer of energy from excited states
of Eu3þ to the surrounding phonons of O-H is termed as
multiphonon relaxation. The rate of photon/energy loss is very
fast (<10-10 s), and it is associated with the nonradiative
process.13 Figure 4b shows emission spectra of Bi0.02Eu0.05Y0.93-
PO4 prepared in H2O and D2O solvents, and the excitation
wavelength is fixed at 395 nm. This sample is prepared in the
absence of EG and PEG. There is a ∼4-fold increase in the
luminescence intensity when solvent H2O is replaced by D2O.

Multiphonon relaxation is significantly reduced when the O-H
vibration is replaced by O-D. The enhancement in lumines-
cence is due to the extent of decrease in multiphonon relaxation.
Figure S4 (see the Supporting Information) shows the emission

spectra of BixEu0.05Y0.95-xPO4 (x = 0.02, 0.05, 0.07, and 0.10) at
different annealing temperatures. The excitation wavelength is
fixed at 395 nm. Typical emission spectra of x = 0.02 are shown in
Figure 4c. The spectra exhibit a typical emission peak of Eu3þ at
593 nm corresponding to the magnetic dipole transition
(5D0f

7F1) along with peaks at 618 and 697 nm corresponding
to electric dipole transitions (5D0f

7F2 and
5D0f

7F4), respec-
tively. Apart from these, a weak emission peak centered at 650
nm corresponding to the 5D0f

7F3 transition is also observed.
The luminescence intensity of the hydrated hexagonal phase (as-
prepared, 500, and 700 �C annealed samples) is weak due to the
presence of the luminescence quencher in the form of O-H
group. There is a sudden emergence of Eu3þ emission peak for
800-900 �C, which was not observed until 700 �C. As stated

Figure 3. Images of 500 �C (left column) and 900 �C (right column) heated samples of Bi0.02Eu0.05Y0.93PO4 (prepared with PEG and EG): TEM
images recorded at lower magnification (A,B) and higher magnification (C,D) and SAED (E,F).
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above in the XRD studies, there is a phase transformation to
dehydrated from hydrated phase as the temperature rises from
700 to 800-900 �C. The presence of O-H groups, which are
efficient quenchers of luminescence through multiphonon
relaxation,2 present in the hydrated BixEu0.05Y0.95-xPO4 (x =
0.02, 0.05, 0.07, and 0.10) up to 700 �C heated sample, results in
the loss of the luminescence intensity. It is noted that the
recovery of luminescent intensity in the 800-900 �C heated
sample is due to the loss of OH groups, which is confirmed by the
crystal structure transformation from hydrated to dehydrated
phase. For the 900 �C annealed samples of YPO4:Eu

3þ, lumi-
nescence intensity of Eu3þ has been found to improve after the
codoping of Bi3þ (Figure 5). Here, the enhancement of the

luminescence intensity of the 900 �C heated Bi3þ codoped
sample was observed. YPO4:Eu

3þ is in the tetragonal phase
for both the as-prepared and the annealed samples. Anneal-
ing the YPO4:Eu

3þ at higher temperature (900 �C) does not
enhance the emission intensity as much as compared to the
annealed sample of the Bi3þ codoped YPO4:Eu

3þ. The
enhancement of the emission intensity of the 900 �C an-
nealed Bi3þ codoped sample is about 2-3 times that of the
annealed YPO4:Eu

3þ.
The relative intensity ratio of 5D0f

7F2 to
5D0f

7F1 transitions
can be used as a sensitive parameter for understanding the symmetry
around the Eu3þ in the host material. This parameter is called the
asymmetric ratio (IAS). The intensity ratio IAS for BixEu0.05
Y0.95-xPO4 (x = 0.02, 0.05, 0.07, and 0.10) at different annealing
temperatures (as-prepared, 500, 700, 800, and 900 �C) is found to
be 1.00( 0.2 for all samples (Figure 6). This has been attributed to
the equal occupancy of symmetric and asymmetric sites by Eu3þ

ions in all the Bi3þ codoped YPO4:Eu
3þ samples.

2.5.2. Lifetime Study. Figure 7a shows luminescence decay for
5D0 level of Eu

3þ in BixEu0.05Y0.95-xPO4 (x = 0, 0.02, 0.05, 0.07,
and 0.10). Excitation and emission wavelengths are fixed at 395
and 593 nm, respectively. The intensity decreases with the
increase in the Bi codopant content. Similar behavior has been
observed in case of luminescence studies. Figure 7b shows the
luminescence decay for the 5D0 level of Eu

3þ in BixEu0.05Y0.95-
xPO4 (x = 0.02) samples annealed at different temperatures (as-
prepared, 500, 700, 800, and 900 �C). The intensity improved
after heat treatment, but significant improvement in the intensity
is observed when the samples are annealed above 800 �C. Decay
curves for emission for all the cases can be well-fitted into a
biexponential function. Average lifetime values of as-prepared
samples of x = 0 and 0.02 are found to be 2.7 and 1.7 ms,
respectively. For x = 0.05-0.10, τav is found to be ∼0.5 ms.
Lifetime values of 500, 700, 800, and 900 �C annealed samples of
x = 0.02 are found to be 1.6, 2.3, 4.6, and 5.1 ms, respectively.
This study will help in understanding the luminescence proper-
ties of hexagonal phase of other rare-earth phosphates so that the
proper choice of heat-treatment temperature and activators/
sensitizers will be optimized.

3. CONCLUSIONS

YPO4 nanoparticles codoped with Eu3þ (5 at. %) and Bi3þ

(2-10 at. %) have been synthesized by a simple coprecipitation
method using a polyethylene glycol-glycerol mixture, which acts
as capping agent. The incorporation of Bi3þ ions into the YPO4:

Figure 5. Emission spectra of BixEu0.05Y0.95-xPO4 (x = 0, 0.02, 0.05,
0.07, and 0.10) annealed at 900 �C.

Figure 4. (a) Emission spectra of as-prepared BixEu0.05Y0.95-xPO4 (x =
0, 0.02, 0.05, 0.07, and 0.10) prepared in the presence of PEG and EG.
(b) Emission spectra of Bi0.02Eu0.05Y0.93PO4 prepared in H2O and D2O
solvents in the absence of PEG and EG. (c) Emission spectra of
Bi0.02Eu0.05Y0.93PO4 (prepared in the presence of PEG and EG) heated
at different temperatures.
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Eu3þ lattice induces a phase transformation from tetragonal to
hexagonal and also a significant decrease in Eu3þ luminescence
intensity. This is related to the association of the water molecules
in the hexagonal phases of YPO4 in which the nonradiative
process from surrounding water molecules is dominating over
the radiative process. Interestingly, luminescence intensity can be
recovered after annealing above 800 �C in which the phase
change from hexagonal to tetragonal structure takes place. Also,
we observed that Bi3þ doping increases the luminescence intensity
for the compounds as well as the distortion of the nanorods when
annealed above 800 �C.

4. EXPERIMENTAL SECTION

4.1. Reagents and Materials. Yttrium(III) carbonate hydrate,
Y2(CO3)3 3 xH2O (99.9%), bismuth(III) nitrate pentahydrate, Bi(NO3)3 3
5H2O(99.9%), and ammonium dihydrogen phosphate, (NH4)H2PO4-
(99.999%), from Sigma-Aldrich, europium(III) oxide, Eu2O3 (99.9%),
from Alfa Aesar, polyethylene glycol-1000 from Fluka, and glycerol,
methanol, and hydrochloric acid were used as received without
further purification. Deionized water was used throughout the
experiment.
4.2. Synthesis of YPO4:Eu

3þ, Bi3þ Nanoparticles. a. In H2O
Solvent. BixEu0.05Y0.95-xPO4 (x = 0, 0.02, 0.05, 0.07, and 0.10)
nanoparticles were synthesized by the polyethylene glycol-glycerol
route. In a typical synthesis procedure of Bi0.05Eu0.05Y0.90PO4, stoichoi-
metric amounts of Bi(NO3)3 3 5H2O (0.106 g), Eu2O3 (0.038 g), and
Y2(CO3)3 (0.699 g) were dissolved in concentrated HCl in a 100 mL
two-necked round-bottom flask, and excess acid was removed by
evaporation with addition of water. The resulting transparent solution
was allowed to mix with 10 g of polyethylene glycol-1000 (PEG) and 50
mL of glycerol and was heated at 80 �C for 30 min. To this reaction
medium was added 0.5 g of (NH4)H2PO4, and the solution was allowed
to reflux at 120 �C for 2 h. The resulting white precipitate was collected
by centrifuging at 10 000 rpm after washing with methanol. The
precipitate was annealed at different temperatures (500, 700, 800, and
900 �C) for 4 h at ambient atmosphere. Similarly, other Bi codoped
samples have been prepared. The atomic percentages (compositions) of
Bi0.05Eu0.05Y0.90PO4 obtained at 900 �C were determined by energy
dispersive X-ray (EDX) spectroscopy and found to be Bi = 0.7, Eu = 0.9,
Y = 12.2, P = 17.2, andO = 68.7, and their theoretical atomic percentages
are Bi = 0.8, Eu = 0.8, Y = 14.9, P = 16.6, and O = 66.8. Its EDX spectrum
is shown in Figure S5 (see the Supporting Information).

b. In D2O Solvent. In this procedure, we have prepared Bi0.02Eu0.05-
Y0.93PO4 in D2O solvent under an argon atmosphere. Stoichoimetric
amounts of the reactants (Bi(NO3)3 3 5H2O, Eu2O3, Y2(CO3)3) were
dissolved in the minimum amount of concentrated HCl, and the excess
HCl was removed by evaporation with addition of D2O. The resulting
solution was heated at 80 �C for 30min under an argon atmosphere, and
a stoichoimetric amount of (NH4)H2PO4 was added. The solution was
refluxed at 120 �C for 2 h in D2O medium.
4.3. Characterization of the Nanoparticles. A Philips X-ray

diffractometer (PW 1071) with Cu KR (1.5405 Å) radiation with an Ni
filter was used for X-ray diffraction (XRD) study. All patterns were
recorded over the angular range 10 e 2θ/deg e 70 with a step size of
Δ2θ = 0.02. The average crystallite size (t) was calculated using the
Debye-Scherrer relation, t = 0.9λ/β cos θ, where λ is the wavelength of
the X-ray and β is the full width at half-maximum (fwhm). The powder

Figure 6. Integrated area of 5D0-7F1 and 5D0-7F2 transitions at an excitation wavelength of 395 nm at (a) different Bi3þ concentrations in
BixEu0.05Y0.95-xPO4 and (b) different annealing temperatures in Bi0.02Eu0.05Y0.93PO4.

Figure 7. Decay curves for 5D0 level of Eu
3þ in (a) BixEu0.05Y0.95-xPO4

(x = 0.00, 0.02, 0.05, 0.07, and 0.10) and (b) Bi0.02Eu0.05Y0.93PO4 at
different annealing temperatures (500, 700, 800, and 900 �C).
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samples were ground and dispersed in methanol on a glass slide and
allowed to dry.

Thermal analyses (TG/DTA) of as-prepared powder sample were
carried out using a TG-DTA Instruments (SETARAM 92-16.18). The
samples under examination were heated at a rate of 5 �Cmin-1 in argon
atmosphere.

Infrared spectra were recorded on a FT-IR spectrometer (Bomem
MB 102). Powder samples were studied bymaking thin pellets with KBr.

A CM-200 transmission electron microscope was used for recording
TEM images. For the TEM measurement, the powder samples were
ground and dispersed in methanol. A drop of the dispersed particles was
put over the carbon-coated copper grid and evaporated to dryness at
room temperature.

All the luminescence spectra and decay lifetimes were recorded using
EDINBURGH instrument FLS920 equipped with 450 W xenon lamp
and μs-Flash lamp (100 W). Powder samples were dispersed in
methanol and spread over the quartz slide and dried at room
temperature.
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bS Supporting Information. Lattice parameters, unit cell
volume, and crystallite size of BixEuyY1-x-yPO4 (x = 0.00-0.10,
y = 0.05) at different annealing temperatures along with JCPDS
card no. 11-0254 and 42-0082, integrated area and full width at
half-maximum (fwhm) of the electric and magnetic dipole
transitions of the emission spectra of BixEuyY1-x-yPO4 (x =
0.02, 0.05, 0.07, and 0.10, y = 0.05), XRD patterns of BixEuyY1-x-

yPO4 (x = 0.05, 0.07, and 0.10, y = 0.05) at different annealing
temperatures, XRD patterns of 900 �C annealed samples of YPO4

codoped with Eu3þ and Bi3þ, excitation and emission spectra of
Eu0.05Y0.95PO4, photoluminescence spectra of BixEu0.05Y0.95-
xPO4 at different annealing temperatures, and EDX spectrum of
Bi0.05Eu0.05Y0.90PO4 obtained at 900 �C. This material is available
free of charge via the Internet at http://pubs.acs.org.
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