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ABSTRACT: Y4(WMo),:0,, activated with Eu>* ions was
investigated as a red-emitting conversion phosphor for white
light emitting diodes (WLEDs). The phosphors were
synthesized by calcining a citrate-complexation precursor at
different temperatures. The photoluminescence properties of
the phosphors and the energy transfer mechanisms involved
were studied as a function of structure evolution. It was found
that the host lattices were crystallized in a cubic or a hexagonal
phase depending on the synthesis conditions. Although all the
phosphors showed intensive red emission under an excitation
of near-UV or blue light due to energy transfer from the host
lattices to Eu®* ions, the photoluminescence spectra and
temporal decay features were found to vary significantly with

XRD |PL
e W & A i | La
’_"‘\ ; | .. ..

v I _h_._—"‘-\'-'"'/

o ) (B

A
#l_i_l_u:ﬂsﬁ o\

i
RIS, ) MY, VP S . s J/N'\ L_ I\ /
A ——800°C e % [y —| M
e, T OGS i
B % 40 %0 0 70 80 W % % w T e e e

the structure and crystallinity of the host lattice. The mechanisms of the energy transfer from the host lattices to Eu®* ions and
energy quenching among Eu®" ions were discussed on the basis of structure evolution of the host lattice. Phosphors calcined at
800 and 1300 °C were suggested to be promising candidates for blue and near-UV light excited WLEDs, respectively.

B INTRODUCTION

Solid-state lighting achieved by light emitting diode (LED)
chips and color conversion phosphors has many advantages
over conventional light sources, such as being energy-saving,
environmentally friendly, compact, portable, and easy to
maintain, and therefore is a promising light source."” At
present, the widely used commercial white light emitting diode
(WLED) comprising a blue LED with a yellow phosphor
(Y;Al;0},:Ce*") has a low color rendering index because of the
lack of red emission.>™ A solution to this problem is to
introduce a red phosphor and use the combinations of near-
UV/blue LED chips and trichromatic phosphors.*~® However,
the commercial red phosphor (Y,0,S:Eu**) has some serious
drawbacks in terms of low absorption efficiency of near-UV
light in the range of 370—450 nm and poor stability under near-
UV radiation.” Therefore investigations of red phosphors for
use in WLEDs have attracted a great amount of interest.”

To be used for a WLED, the candidate red phosphor is
desired to have a wide excitation band, which overlaps the
emission wavelength of the LED chips. At the same time, the
candidate is required to convert the excitation energy into
efficient red emission.>*® According to these requirements, a
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great number of compounds have been suggested to be host
lattices for red phosphors, among which molybdates and
tungstates have received considerable attention because of their
high stability and outstanding properties.~'” We focus our
attention on molybdates containing MoOg groups'® > because
they exhibit intensive and wide absorption of near-UV light at
about 400 nm due to the charge transfer transition from O to
Mo within the MoOg groups.”®'*™>” And furthermore the
energy transfer from MoOg groups to Eu®" ions doped is
efficient."®™* It is known that there are energy migration and
quenching processes among MoOy groups which compete with
the energy transfer process, and consequently reduce the
photoluminescent efficiency of the phosphor.'”~>’" According
to the literature, implanting WO4 groups or introducing other
lattice defects into the MoOg network could reduce the energy
quenching among MoQg groups, and lead to an increase of the
photoluminescent intensity.'®**** In a previous work, we have
reported the photoluminescence (PL) properties of Eu** ion-
activated YeW,Mo(;_,)Oy, red phosphor, which is a promising
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candidate for WLEDs.>° However, the energy transfer and
quenching behaviors within the phosphors, and their depend-
ence on the structure of the host lattice as well as doping
concentration of Eu®>" ions have not been well characterized and
understood. It is known that these facts have a strong effect on
the PL properties of the phosphors.

Because of these reasons, we performed an investigation on
the PL properties of Eu’* ion-activated Y4(WMo)sOp, A
citrate-complexation method was used to synthesize the
precursor, and a modification of the calcination temperature
was used to adjust the crystallinity of the host lattice. The
crystallite morphology, crystalline structure, PL spectra, and
temporal decay of the obtained phosphors were characterized.
The competition between the energy transfer from the host
lattices to Eu®" ions and energy quenching in the host lattices
was characterized as a function of structure. The energy
quenching behavior of Eu** ions in different host lattices was
also studied.

B EXPERIMENTAL METHODS

Synthesis. The starting materials, Y(NO;);-6H,0 (99.9%),
Eu(NO,;);-SH,O (99.9%), (NH,)¢Mo,0,,-4H,0 (99.98%),
(NH,)10H,(W,0,)s (99.99%), and citric acid (>99.5%), were
obtained from Sigma-Aldrich, and used without further purification.

Ys(WMo),50,:Eu (YWMO:Eu) phosphors containing different
doping concentrations of Eu®** ions, namely 2.5, 5, 10, 15, 20, and 25
molar percent (mol %) of Y, were synthesized by using a citrate
complexation method, and followed by calcination at different
temperatures. In a typical procedure, for example, the synthesis of
YWMO:Eu(2.5%), Y(NO;);-6H,0 (11.70 mmol, 4.481 g), Eu(NO,);-
SH,0 (0.30 mmol, 0.128 g), and citric acid (24.0 mmol, 4.611 g) were
dissolved in 30 mL of distilled water to form solution A.
(NH,)sMo0,0,,-4H,0 (0.143 mmol, 0.177 g), (NH,),;H,(W,0,)s
(0.083 mmol, 0.254 g) as well as citric acid (4.0 mmol, 0.768 g) were
dissolved in 10 mL of distilled water to form solution B. Then solution
B and 60 mL of ethanol were successively poured into solution A
under vigorous stirring. The pH value of the mixture was finally
adjusted to 2—3 by dilute NH;-H,O and HNOj. After being stirred for
30 min, the mixture was water-bathed at 70 °C until a porous
precursor jelly was formed. The precursor was successively heated at
200 °C for 4 h and precalcined at 700 °C for 4 h in air. After being
finely ground, the powder was divided into six patches and calcined at
different temperatures from 800 to 1300 °C with an interval of 100 °C
for 4 h in air, respectively.

Characterization. Thermogravimetric/differential thermal analysis
(TG/DTA) of the precursor was carried out on a TG-DTA 2020 from
room temperature to 1100 °C at a heating rate of 10 °C min™". The
morphologies of the phosphor were checked by field emission
scanning electron microscope (FE-SEM) on a JSM-6700F at 1S5 kV.
The compositional analysis was performed by energy dispersive X-ray
spectroscopy (EDS) on the JSM-6700F. The structure of the host
lattice and its evolution were examined by using powder X-ray
diffraction (PXRD) measurements, which were carried out on a Philips
X’Pert MPD X-ray diffraction system at 40 kV and 30 mA with Cu Ka,
radiation (1 = 1.54056 A) as incident beam. The diffraction patterns
were scanned over 20°—80° (26) with a step length of 0.02° (26). The
PL measurements were performed on a PTI fluorescence spectropho-
tometer equipped with a 60 W Xe-arc lamp as the excitation light
source. The temporal decay of the PL was measured by the
fluorescence spectrophotometer with a phosphorimeter attachment.
All the measurements were performed at room temperature in air.

B RESULTS AND DISCUSSION

Thermal Analysis, Morphology, Composition, and
Structure Evolution. The thermal decomposition behavior
of the precursor jelly is characterized by a TGA/DTA
measurement in air. The TGA curve shown in Figure 1
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Figure 1. Thermal analysis data of the precursor jelly.

indicates that there are three stages of weight loss in the range
of 25—500 °C. The first stage ranges from 25 to 140 °C with an
endothermic pick at 94 °C in the DTA curve, which is related
to the evaporation of free water and organic solvents. The
subsequent stage starts with an exothermic peak at 141 °C in
the DTA curve, up to 400 °C, corresponding to the initial
decomposition of citric acid and nitrate, and removal of residual
water. The third weight loss stage is in the 400—500 °C range
accompanied by two strong exothermic peaks centered at 413
and 473 °C. This stage is assigned to the combustion of
residual carbon and final decomposition of nitrate. Beyond 500
°C the weight is kept constant and no obvious endothermic or
exothermic peak is observed, indicating a complete decom-
position of the precursor.

Figure 2 shows the SEM microimages and EDS data of
YWMO:Eu(2.5%) calcined at 800 to 1300 °C. As seen in the
figure the obtained phosphors are aggregate particles. The
particle size ranges from 100 to 300 nm in diameter, and
increases gradually with the calcination temperature from 800
to 1300 °C. At the same time, the crystallinity is also enhanced
with the calcination temperature. A morphology of sharp edge
and smooth surface can be observed in the phosphors calcined
at 1200 and 1300 °C, which indicates that the phosphors have
good crystallinity. The EDS data confirms the presence of Y,
Mo, W, O, and Eu elements in the phosphors. The constituent
ratio of (Y+Eu):W:Mo:0 is determined to be
30.62:1.83:2.35:65.24, which agrees approximately with the
theoretical ratio of 6:0.5:0.5:12.

The PXRD patterns shown in Figure 3 indicate that the
crystal structure and crystallinity of YWMO:Eu(2.5%) depend
strongly on the calcination temperature. The host lattice is in a
cubic phase when the calcination temperature is below 1200
°C, while it is in a hexagonal phase at 1300 °C. The diffraction
patterns of the cubic and hexagonal phases can be indexed to
JCPDS cards #35-0174 and #20-1420, respectively.’>>" The
PXRD patterns also suggest that the crystallinity of the cubic
phase varies systematically with calcination temperature. The
diffraction peaks of the phosphor calcined at 800 °C show a
broad and weak character because of the lack of long-range
order in the host lattice, and they become narrow and intensive
with an increment in the calcination temperature. For example,
the full width at half-maximum (fwhm) of the (111) peak in the
cubic phase decreases gradually from 0.741° to 0.209° (20)
when the calcination temperature increases from 800 to 1200
°C.
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Figure 2. SEM microimages and EDS data of YWMO:Eu(2.5%) calcined at different temperatures: (a) and (g) 800 °C, (b) 900 °C, (c) 1000 °C,

(d) 1100 °C, (e) 1200 °C, (f) and (h) 1300 °C.
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Figure 3. PXRD patterns of YWMO:Eu(2.5%) calcined at different
temperatures and JCPDS cards of Y{WO,, in hexagonal and cubic
phases.

PL Excitation Spectra and Energy Transfer from Host
Lattice to Eu?* lons. Figure 4 shows the PL excitation spectra
of YWMO:Eu(2.5%) calcined at different temperatures by
monitoring the *Dy-’F, emission of Eu** ions (at 606 nm for
samples calcined at 1200 and 1300 °C, or at 613 nm for the
others). As expected, all the spectra contain a series of
characteristic excitations due to Eu®* ion ff transitions, such as
the "Fy-’L transition at 396 nm and the "F,-°D, transition at
467 nm. The intensities of these excitations are hardly changed
with the calcination temperature. Additionally, broad excitation
bands that lie in the UV and blue spectral region are also
observed. It is seen that the excitation bands differ remarkably

from each other in both profile and intensity. By using a
Gaussian analysis, we decompose the excitation bands into
several components, namely, A, B, C, and D as shown in Figure
4. Band A resides in the 200—300 nm range with a maximum at
250 nm, and is identified as the charge transfer (CT) transition
from O~ (2p-orbitals) to Eu**(4f-orbitals). Band B, situated in
the 250—350 nm range with a maximum at about 300 nm, is
generally ascribed to the CT transition from O-2p orbitals to
W-5d orbitals within WO, groups,'®**** C and D in the near-
UV region to the excitation of MoOg groups, from O-2p
orbitals to Mo-4d orbitals."®**** Similar bands have been
observed in other tungstate and molybdate compounds, and
attributed to the excitation of W(Mo)O, groups in the host
lattices. However, it is observed that the intensity of the
W(Mo)O, excitation generally increases with the crystallinity of
the host lattices because of less energy dissipation, such as in
R,MoOg (R = La, Gd, Y, and Lu),”**” and Na,R(MoO,), (R =
La, Gd, and Y) systems.z’2 In our cases, the intensities of B, C,
and D bands decrease with the crystallinity of the host lattices
from YWMO:Eu-800 to YWMO:Eu-1100. On this basis, we
ascribe the excitation bands to the disorder of lattice and
W(Mo)Og for samples calcined from 800 to 1100 °C, and to
W(Mo)Og for those calcined 1200 and 1300 °C. It is
established that surface states, defects, and disorder of the
lattice of a semiconductor might induce PL, whose intensity
depends on the defect states.>>* The PXRD patterns of the
samples calcined from 800 to 1100 °C indicate that the
disorder of lattice decreases with the calcination temperature,
and therefore is proportional to the PL intensity. For this
reason we suggest the above-mentioned ascription. According
to the excitation spectra, the excitation and energy transfer
processes involved are schematically plotted in Figure S. The
presence of the excitation bands due to WO4 and MoOg groups
indicate that there is energy transfer from the host lattices to
Eu® ions. In other words, the Eu** ion dopant could be
activated through two channels, namely, sensitizing MoOg or
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Figure 4. (a) PL excitation spectra of YWMO:Eu(2.5%) phosphors calcined at different temperatures, and (b)—(g) Gaussian analysis of the

excitation bands.
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Figure S. Excitations of Eu—O CTB, WO4 and MoOy groups, and
energy transfer to Eu’* ions.

WOg groups in the host lattices and then transferring the
energy from the host lattices to Eu*" ions, or sensitizing Eu®*
ions directly via the f-f transitions or CT transitions. It should
be noted that the excitations due to MoOg4 and WO groups are
spin and parity allowed, and therefore they usually are more
efficient than the excitation of Eu’* ions via f-f transitions. This
rule works well on the samples calcined at 1200 and 1300 °C.
In the excitation spectra of these two samples, the excitations
due to the host lattices are significantly more intensive than
those due to the f-f excitations of Eu®" ions. While for the
others, the excitation due to the host lattice is relatively weak
with respect to the intrinsic excitation of Eu®* ions. This implies
that multiphonon assisted energy dissipation prevails in the
samples calcined at low temperatures, and consequently a great
amount of excitation energy is dissipated before it can be
trapped by Eu®* ions.

PL Emission Spectra and Temporal Decay. The
emission spectra of the as-prepared phosphors were examined
by sensitizing Eu®* ion dopant as well as the host lattices, and
interesting results are observed. The spectra shown in Figure 6a
are obtained by exciting Eu** ions directly with blue light. Quite
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Figure 6. PL emission spectra of YWMO:Eu(2.5%) phosphors
calcined at different temperatures. The spectra were obtained after
exciting the phosphors into (a) the f-f transition of Eu** ions, and (b)
the host lattices.

sharp and distinct peaks corresponding to the *Dy-"F, (578
nm), -’F;(584 nm, 589 and 603 nm), -’F,(606 nm, 609 nm,
618 nm, 633 nm and 634 nm), -"F;(640—670 nm), -’F,(680—
700 nm) transitions are observed of YWMO:Eu phosphors
calcined at 1300 °C."'®** The presence of these emission lines is
in accordance with the C; symmetry of the site that is occupied
by Eu**(Y*") ions in the hexagonal lattice."®***® Under this
symmetry, the degeneracy of the F; energy levels is totally
removed, and consequently there are 1, 3, and S emission lines
corresponding to the transitions from the *D; level to the 'F ;(J
=0, 1, and 2) sublevels could be observed.

The emission spectra of the cubic phase (samples calcined
under 800—1200 °C) are similar to those of Gd4WO;, and
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YWO,,,' ' but significantly differ from that of the hexagonal
YWMO:Eu. Although the spectra are still dominated by the
SD,-"F, transitions, the main emission shifts to 613 nm and 629
nm. The emissions from the D, level to other 7F] J=0,1,3,
4) levels are much weaker. It is well-known that the *D,-’F,
transition is of electric dipole type and is highly sensitive to site
symmetry, while the *D-’F; magnetic dipole transition is not.
Therefore the intensity ratio of *Dy-’F, to “D,-’F; emissions is
commonly used as a measurement that examines the deviation
of a site from inverse symmetry. In our cases, the intensity ratio
of the cubic phase (including samples calcined at 800—1200
°C) is far larger than that of the hexagonal phase (sample
calcined at 1300 °C). This indicates that the symmetries of
Eu®" ion sites in the two phases are different, and the sites in
the cubic phase derived far from inverse symmetry than those
in the hexagonal phase. Furthermore, obviously broadened
emission peaks are observed from the phosphors calcined at
low temperatures, such as 800 and 900 °C, which suggests that
the homogeneity of Eu®* ion sites is poor because of a lack of
the short-range order.

The emission spectra shown in Figure 6b are obtained from
sensitizing the host lattices with near-UV light. In the case of
the hexagonal phase, namely, YWMO:Eu(2.5%)-1300, the host
lattice-sensitized spectrum is identical to the Eu®* ion-sensitized
one in the profile. On the other hand, the spectra of the cubic
phase shown in Figure 6a and 6b differ significantly from each
other. In Figure 6a the profiles of the emission peaks become
sharp and intensive from YWMO:Eu(2.5%)-800 to YW-
MO:Eu(2.5%)-1100, while a converse trend is shown in Figure
6b. In addition, the emission spectra of YWMO:Eu(2.5%)-1200
deserve special attention. It is observed that the spectrum
shows a sudden change in the profile when the excitation
channel is altered. This leads naturally to the conclusion that
Eu** ions in YWMO:Eu(2.5%)-1200 having different local
environments and symmetries are activated.*' One corresponds
to the cubic phase (see Figure 6a), and the other corresponds
to the hexagonal phase (see Figure 6b). However it is
confirmed from the XRD pattern that the host lattice of
YWMO:Eu(2.5%)-1200 is in the cubic phase, and no
distinguishable diffraction peaks due to the hexagonal phase
are observed. We would like to propose the assumption that the
host lattice is still ordered over the long-range, while a fraction
of the cation polyhedra is distorted in the local symmetry.*
This local distortion cannot be visualized in the PXRD patterns
while it can be probed by Eu®" ion luminescence.

The nonradiative energy transfer processes among Eu®* ions
as well as from MoOjg groups to Eu’* ions are considered to be
responsible for the above-mentioned phenomenon. Since the
spectra shown in Figure 6a are obtained from sensitizing Eu®"
ions directly, a change in the coordination environment and the
symmetry of the Y(Eu) sites has an immediate effect on the
emission spectra. The PXRD patterns confirm that the samples
obtained at low calcination temperatures are of poor
crystallinity. It is reasonable to expect that the host lattices of
the phosphors calcined at low temperatures lack long-range
order, and the symmetry of the site therein is distorted and
nonhomogenerous to a certain degree. Under this condition,
the emission spectra of Eu** ions show a broad characteristic,
which is similar to those observed in glass.*”*’ As the
crystallinity and long-range order of the host lattice increase
with the calcination temperature, the site distortion reduces,
and the site homogeneity enhances. Characteristic emissions
with a line profile are observed. In Figure 6b, MoOg groups in

the host lattices are sensitized. It is reported that there are
competitive nonradiative energy transfer processes undergoing
after the MoOg groups are excited. One is energy transfer from
MoOg groups to dopant Eu’* ions, which benefits the
luminescent efficiency. The other is the multiphonon relaxation
of the excited MoOg groups, which quenches the lumines-
cence.'”****** In the samples calcined at low temperatures, the
couple interaction between excited MoOg groups and the host
lattice around it is weak because of the lack of long-range order.
An increment in the calcination temperature from YW-
MO:Eu(2.5%)-800 to YWMO:Eu(2.5%)-1100 facilitates the
long-range order in the lattice. Therefore more and more
excited energy is dissipated through the host lattice and
attributed to the enhanced couple interaction. The sudden
change in the spectra of YWMO:Eu(2.5%)-1200 indicates that
a structure transition from cubic to hexagonal starts, and so
does the symmetry of Y(Eu) sites.

The temporal decay property of the D, energy level of Eu**
ions is checked by sensitizing the phosphors through both
channels. The data shown in Figure 7 is obtained after exciting
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Figure 7. Temporal decays of the PL emissions of YWMO:Eu(2.5%)

calcined at different temperatures. The phosphors were excited into
the £f transition of Eu* ions.

Eu’' ions into the °D, energy level. For the phosphors calcined
at 800 and 1300 °C, the decay data could be fitted to a single-
exponential function

I, = I, exp(—t/7) (1)

where I, and I are the intensity at time t and 0, respectively,
and 7 is the lifetime. Whereas for those calcined at 900—1200
°C, the decay curves consist of two components: a very fast
decay with a growing decay rate at the beginning, and a
characteristic exponential component following, which could be
fitted well to eq 1. The data after exciting MoOg groups is
shown in Figure 8, and all the curves could be fitted to eq 1.
The determined luminescence lifetimes are plotted in Figure 9.

Concentration Quenching and Energy Transfer
among Eu?* lons. The color purities of the PL emissions
are commonly characterized by the Commission Internationale
de I’Eclairage (CIE) coordinates (x, y). The calculated values of
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YWMO:Eu(2.5%) phosphors as a function of calcination temperature.

YWMO:Eu(2.5%) phosphors calcined at different temperatures
are listed in Table 1. One may noticed that YWMO:Eu(2.5%)

Table 1. CIE Coordinates (x, y) of the Emission Spectra of
YWMO:Eu(2.5%) Phosphors Shown in Figure 6

calcination temperature Eu’* ion-activated host lattice-activated

800 (0.628, 0.367) (0.613, 0.380)
900 (0.619, 0.375) (0.596, 0.395)
1000 (0.598, 0.392) (0.570, 0.418)
1100 (0.586, 0.403) (0.548, 0.437)
1200 (0.592, 0.398) (0.621, 0.376)
1300 (0.617, 0.379) (0.632, 0.367)

phosphors calcined at 800 and 1300 °C show the most
intensive red-luminescence under the excitation of blue (at 467
nm) and near-UV (at 399 nm) light, respectively, and therefore
they are of applicative importance as color conversion
phosphors for solid state lighting based on blue or near-VU
LED chips. Therefore, the dependence of the PL properties and
the interaction among Eu’" ions on the doping concentration
was studied further. The PL emission spectra of YWMO:Eu-
800 and YWMO:Eu-1300 containing different Eu** ion

concentrations (from 2.5 mol % to 25 mol %) are shown in
the Supporting Information, Figures S1 and S2. It is observed
that there is not an obvious difference in the profile of the
emissions spectra. The integral intensities of the PL emissions
of YWMO:Eu-800 and YWMO:Eu-1300 phosphors are plotted
as a function of Eu®" ion concentration in Figure 10.
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Figure 10. Integral intensities of the PL emission of YWMO:Eu
phosphors calcined at 1300 and 800 °C as a function of Eu** ion
concentration. The phosphors were excited into the host lattices as
well as the ff transition of Eu®* ions.

It is well-known that there is generally a competition
between radiative and nonradiative relaxations in Eu’" ion-
activated phosphors. If the content of Eu’* ions reaches a
critical value, the excitation energy can be lost via energy
transfer process between Eu®' ions by an exchange
interaction,* and the luminescent efficiency is reduced. This
is the so-called concentration quenching. Therefore the critical
content of Eu®* ions is an important parameter that determines
the luminescent efficiency of a phosphor. According to Figure
10, the quenching concentrations of Eu®" ions are determined
to be about 10 mol % in YWMO:Eu-800 and 15 mol % in
YWMO:Eu-1300. Since the concentration quenching of Eu**
ions results from the energy transfer process, the decay time of
the emission is reduced when the concentration quenching
happens. Figures 11 and 12 show the emission decay profiles
and lifetimes of YWMO:Eu-800 and YWMO:Eu-1300 as a
function of Eu®* ion concentration, respectively. In both hosts
an obvious acceleration in the decay with Eu®*' ion
concentration could be observed. It is also observed that the
decay of Eu®" emission is more sensitive to Eu®" concentration
in YWMO:Eu-800 series with respect to YWMO:Eu-1300
series. The decay of YWMO:Eu-1300 series accelerates slowly
from 2.5 mol % to 20 mol % with a gradual decline in lifetime
from about 600 to 500 ys, while for YWMO:Eu-800 samples, a
fast acceleration starts from about 5.0 mol % and after that the
lifetime of the Eu’* ion emission decreases rapidly.

B CONCLUSIONS

In this work, the PL properties of Y¢(WMo)q501,:Eu and the
energy transfer mechanism involved were investigated in terms
of the structure and crystallinity of the host lattice. It was
revealed that the host lattice crystallized in a cubic phase at
800—1200 °C and in a hexagonal phase at 1300 °C. The
obtained phosphors showed intensive absorption of near-UV
light in the range of 300—420 nm and of blue light around 467
nm. The energy transfer from the host lattices to Eu® ions in
the hexagonal phase was found to be more eflicient than that in
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Figure 11. Temporal decays of the PL emissions of YWMO:Eu
phosphors calcined at (a) 1300, and (b) 800 °C as a function of Eu®*
ion concentration.
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Figure 12. Lifetimes of the *Dy-'F, emission of Eu** ions in
YWMO:Eu phosphors calcined at 1300 and 800 °C as a function of
Eu’* ion concentration.

the cubic phase because of less energy quenching. As a result,
the hexagonal phase showed high photoluminescent efficiency
under near-UV excitation, while the cubic phase was thought to
be more suitable for blue chip-based WLEDs. The color purity
of the PL emission and the quenching concentration of Eu®"
ions were also evaluated. It was observed that emissions of
YWMO:Eu-800 and YWMO:Eu-1300 had a high color purity,
and their quenching concentrations were determined to be 10
mol % and 15 mol %, respectively.
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