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Dependence of Photoluminescence Properties of Yo WO, :
Euv’t Phosphors on Microstructure and Crystal Structure’
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Abstract Polycrystalline Y WOy, : Eu®" phosphors in cubic and rhombohedral phases were
synthesized by using a citrate-complexation method. The structural and photoluminescence (PL)
properties of the as-prepared phosphors were characterized by powder X-ray diffraction(XRD),
Raman, stable-state PL and temporal decay. It was revealed that the phosphors in both cubic
and rhombohedral phases could be excited by near-UV and blue light via WO; groups and Eu®"
ions,respectively. However, the WO, groups show no luminescence at room temperature, and
the PL is dominated by the red-emitting of Eu®" ions *D,-"F, or °Dy-"F; transition. At the same
time, the PL excitation, emission and temporal decay spectra of the phosphors vary systemati-
cally with the calcination temperature as well as the crystal structure. The evolution was dis-
cussed from the standing point of the local environment of Wt and Eu®" ions.
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0 Introduction

Combinations of near-UV/blue LED and (blue, green and red)/(green and red) /(yellow) color-
conversion phosphors are efficacious approaches to generate white light'**1- The widely used combination
of a blue LED chip and yellow phosphor YAG:Ce®" has a low color rendering index and a high correlated
color temperature™ . A solution to this problem is using a near-UV LED chip and blue (BaMgAl,, Oy :
Eu'"), green (ZnS:Cu™, AI'") and red (Y,0,S: Eu*" ) phosphors together'®®!, However, the red
phosphor (Y,0,S:Eu®") has some serious drawbacks in terms of low absorption efficiency of near-UV/
blue light in the range of 320-470 nm and poor stability under near-UV radiation. Therefore near-UV/

-8 nclu-

blue light excited red color-conversion phosphors were investigated extensively in recent years
ding a series of Eu®t ions activated tungstates.

Tungstates have outstanding advantages, such as easy to be synthesized, stable to UV radiation,
and capable of absorbing near-UV light in a wide range of wavelength depending on the crystal struc-

turet®™, These features make tungstates promising hosts for near-UV/blue light excited red color-conver-
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sion phosphors. Among the tungstate hosts, compounds having a chemical formula of Rz WO,, (R could
be Y and lanthanum elements) have been widely investigated. Beaury and co-workers firstly reported the
PL properties of Eu*" ion-activated Ys WO, , Li et al. reported the electronic structure and PL proper-
ties of the tungstate and its solid solutions with molybdate, Y, W,Mo,_, O, : Eu*" 121, Most recently,
the PL properties of Y; WO, activated with Ex®*" , Sm®t ,Dy*" , Tb®" ,and Tm®" were extensively stud-
iedt**%¥1 Tt is revealed that the tungstate host could act as a sensitizer to the doped luminescent center,
the energy transfer from host lattice to luminescent centers is efficacious, and Y; WO,; is a promising
host for phosphors for solid-state lighting.

The crystal structure and structural transformation in Y; WO, and other analogues compounds have
also been intensively investigated™*. It was revealed that the tungstates of Th to Lu, and Y crystallize
in a rhombohedral phase® and Y;WOQ,, undergoes a structural transformation from the rhombohedral

[21.221 ~ Recently, it was reported that Y; WOy, in a cubic phase

phase to a high temperature cubic phase
(low temperature cubic phase) could be obtained by wet-chemical method?*%®1- According to the litera-
ture, Y WQO,, within cubic fluorite phase could be synthesized at temperatures as low as 600°C and

[25:25]. Also, the temperature of the phase

750°C ,respectively, depending on the synthesis parameters
transformation from cubic to rhombohedral phase was revealed to vary around 1 200°C. While the PL
properties of Eu®" ion-activated Y; WO, in cubic phase have not been reported, the differences in the PL
properties and the evolution of the PL properties of Y; WQ,, with the crystal structure are not known.
In this work, Eu®" ions-doped Y; WO,, powders were synthesized by using a citrate-complex meth-
od, the obtained precursors were then calcined at different temperatures ranging from 800°C-1 300°C to
modify the crystal structure and microstructure of the hosts. The structural and PL properties were
comparatively studied. The variations in the PL spectra and temporal decay are discussed from the struc-

tural standing point.

1 Experimental method

The Starting materials Y(N03 )3 (99. 99 %) Iy Eu(N03 )3 (99. 99 %) ’ (NH4)10 Hz (Wz 07 )6 (99. 99%) ’
and C; H; O; (>>99. 5%) were purchased from Sigma-Aldrich, and used without further purification,
Powder samples were synthesized from a citrate-complex precursor. The detailed synthesis procedure

can be found elsewherel'*

. The powder was divided into five patches and then calcined at a gradually
increased temperature from 800°C-1 300°C with an interval of 100°C for 4 hours in air to get the final
products, which were referred to S1 to S6, respectively.

The structural characteristics of the powders were examined by using powder XRD and Raman
measurements. The XRD patterns was collected on a Philips X'Pert MPD X-ray diffraction system at 40
kV, 30 mA and Cu Karadiation (=1. 540 56 A) as incident beam. The range was from 20°-80° (2) with
a step length of 0. 02° (2). The Raman measurement was performed on a JASCO NRS-3300 laser Raman
spectrophotometer with an Argon laser (532 nm) as excitation. The data were scanned over a range of
112-1 229 em™! with a resolution of 4. 2 em™. The steady PL spectra and PL lifetime were collected on
a PTI fluorescence spectrophotometer. A 60 W Xe-arc lamp was used as the excitation light source for

the steady PL measurement, and a 25 W Xe-flash lamp for PL lifetime measurements, All the measure-

ments were performed at room temperature in air.

2 Results and discussions

In this work,Eu®tions-doped Y; WQ,, powders were synthesized by using a citrate-complex method,

the XRD patterns of the powders calcined at different temperatures are shown in Figure 1. It is observed
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that when the powder was calcined at 1 300°C
(S6), the rhombohedral is obtained, while at i
temperatures of and below 1 200°C (85-S1), the cu- :

bic phase is obtained, which agree well with previ-
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where g is the full width half maximum (FWHM) of the diffraction peaks, § is the Bragg angle, and A is
the wavelength of the incident beam. In our cases, the data of (111), (200), (220), (311), (222), and

(400) diffraction peaks were used to work T L L T J

function of calcination temperature, and the JCPDS

XS = 1 cards of Y; WO,, within cubic and rhombohedral phases
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with Eq. 1. The estimated crystallite sizes 4004 7'7?”.”““6 Size %
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and lattice strains are shown in Figure 2. The 1 Ho4
crystallite size was found to increase from 83 300
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nm to 399 nm with the calcination tempera-

ture. The lattice strain on the contrary de-
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of lattice defects and merge of small crystal-

lites at high calcination temperature.

The Raman spectra of the as-prepared
samples S6-S2 are shown in Figure 3, which
L. L. . Figure 2 Crystallite size and lattice strain of Y, WO, :Eu,

are distinctly divided into two groups, name-
. . powders as a function of calcination temperature
ly, rhombohedral and cubic according to the
XRD patterns. The spectrum of the rhombohedral phase is relatively more abundant that those of the

cubic phase. The structure of rhombohedral Y; WQO,, has been well determined. According to Diot et
al. , the rhombohedral Y; WO,, structure can be described by R 3 space group with R-centered set-
ting"*1, In the cell, W takes an octahedral site; Y takes 6 f Wyckoff site (with C, point symmetry) and
bonds to seven O atoms, forming a distorted monocapped trigonal prism. However, we know less about
the cubic structure of these compounds, including the cations and anions arranged in some distorted fluo-

rite type in the cell. The spectrum of S6 is in line with that of Y; WO, reported by Gagarina et alt?!,
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The peak at 900-600 cm™! is due to the stretching
vibrations of WQO;; 600-400 em™! is due to the
bending vibrations of YO, and WQO;; and below
400 em™! corresponds to the deformation vibra-
tions of the octahedralt®!. The spectra of S5-S2 in
cubic phase are significantly different from that of
S6 in rhombohedral phase. In these spectra, the
peaks around 800 em™! are very weak or unobserv-
able, while the peaks at 600-800 cm™! are very
strong. The discrepancy of these spectra implies
that ideal octahedral WQ, and ordered cations ar-
rangement have not formed in the samples other

than S6. As well known, in ideal fluorite cells,
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Figure3 Evolution of the Raman spectra of Y, WO, :

Eu with the calcination temperature

the ratio of the cations to anions is 1 ¢ 2, and the coordination numbers of the cations and anions are 8

and 4, respectively. While in Y, WQ,,, the ratio of cations and anions is 7:12, which means that the cat-

ion vacancy, anion vacancy and cations disorder might coexist in the cell, and the 8-and 4-fold coordina-

tion for cations and anions might not be reached.
Figure 4 shows the PL excitation spectra of
Y; WOy, : Eu in cubic phase (S1-S5) as well as in
rhombohedral phase (S6). The spectrum of the
rhombohedral phase consists of a broad band cen-
tered at 309 nm with a shoulder ranging from 350-
400 nm, and a series of lines around 394. 0 nm and
464. 8 nm,

ences''1'1%18] The former is ascribed to the exci-

being consistent with the refer-

tation of electron from filled O-2p to unoccupied
W-5d orbitals in WO, groups, or from valence
band to conductive band of the host latticel*?1-
The latter is due to the excitation of electron in
Eu’" ions from the ground state of ’F, configura-
tion to’ D, and °Lg configurations within 4f-shell,
respectively. In the isostructural molybdates Y,
MoQ,; host lattice, the charge transfer excitation
between O*~ and Eu®" was reported to have an iso-
lated excitation band centered at 248 nm!'#%-
While in our situation, it might be overlapped with

the excitation of WO, band and not observed. It is
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Figure4 PL excitation spectra of Y, WO,; :Eu powders

as a function of calcination temperature

obviously that the excitation of WO groups is far more efficient than the excitation of Eu®" ion f-f tran-
sition. This due to the fact that the transition from O-2p to W-5d orbitals within WO, groups is allowed

while the transition within Eu-4f orbitals is spin and parity forbidden. It is also implied that the energy

transfer form WOQO; groups to dopant Eu®" ions is efficient.

The components of the spectra in cubic phase are similar to those of the rhombohedral phase, viz. ,

a broad band and a series of sharp lines. The differences are mainly in that the peak wavelength of the

excitation band shift from 309 nm of the rhombohedral phase to about 328 nm of the cubic phase. The
wavelengths of “F,-*D, and "F,-* L, transitions shift from 394. 0 nm and 464. 8 nm to 395. 3 nm and 466.
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8 nm, respectively. It is also viewed that the spectra of the cubic phase varies systematically with the
calcination temperature. (1) The excitation intensities of both WO, groups and Eu®" ions intensify from
S5 to S1. (2) The peak wavelength of WO, excitation band red-shifts gradually from 323 nm to 330 nm.
(3) The f-f excitation lines become broadened and the fine-structure of the lines gets vague. These varia-
tions are considered to be triggered by the structure evolution induced by the processing.

Both WQO; groups and Eu®" ions were excited to observe the emission characteristics, and the results
are shown in Figure 5(a) and 5(b), respectively. The emission spectra of the cubic phase are compara-
bly simple. There are five distinctive bands centered at 580. 0 nm, 593. 3 nm, 600. 3 nm, 612. 0 nm and
629. 3 nm. The emission spectrum of Sl is dominated by the emission at 612. 0 nm and 629. 3 nm, which
are due to the °D,-"F, transition. With the increasing of crystallite size, the wavelength of line # 1 shifts
from 612. 0 nm of S1 to 609. 0 nm of S5, and that of line # 2 shift from 629. 3 nm to 632. 0 nm. In other
words, the splitting of ’F, energy level gets larger from S1 to S5. This indicates that the chemical envi-
ronment evolves gradually from S1 to S5. As to the rhombohedral S6, the spectra are dominated by the
emission due to °D,-'F, transition at 606 nm, 608. 8 nm, 617. 8 nm, 632.5 nm and 634 nm. At the same
time, the emissions due to *Dy-"F; at 583.5 nm, 588.5 nm and 603. 3 nm, and °D,-"F, at 578. 0 nm are
also very intensive. Comparing the spectra of the cubic and rhombohedral phases, it is revealed that the
emission due to °D,-"F; transition intensifies greatly when the Y, WO, host lattice undergoes a structural
transform from cubic to rhombohedral. The dominated emission shifts from 612. 0 nm and 629. 3 nm of

the cubic phase to 606 nm and 603 nm of the rhombohedral phase.
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Figure 5 PL spectra of Y; WO;; : Eu powders as a function of calcination temperature
(a) Exciting into the host lattice and (b) into the Eu’* f-f transition
The emission spectra of S5 are very interesting. The emission line corresponding to both rhombo-
hedral (# peaks in Figure 5) and cubic ( *# peaks in Figure 5) phases are observed. This indicates that
in S5 sample, Eu®" ions having two different chemical environments. Therefore the observed emission
spectra are the overlap of two kinds of Eu®*" ions. From the intensity ratio, it can be also deduced that
the amount of Eu®" ions in rhombohedral-environment is far less than that in cubic-environment. This is
due to the fact that at the identical concentration (2.5 mol%) , the emission intensity of the rhombohed-
ral phase is about 20 times stronger than the cubic phase. It is also suggested that although the long-

range structure of the lattice is still of cubic, which can be confirmed from the XRD pattern, a re-ar-
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rangement of the atoms starts at this calcination 5
temperature. This confirms the conclusion that the ae .
structural transformation from cubic to rhombohed- 4+ T -
ral is of diffusional naturet®, el o
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ratio, is commonly used as a measurement of the site symmetry. The R/O ratio of the Eu’*" sensitized

Figure 6 R /O ratio of Y; WO,; : Eu powders as

a function of the calcination temperature

intensity ratio

spectra are calculated and plotted in Figure 6. The R/O value decreases gradually from 800°C to 1
200°C, and then suddenly from 1 200°C-1 300°C, corresponding to the phase transformation from cubic
to rhombohedral. The variation of R/O ratio indicates that the symmetry of Y(Eu) site in the cubic

phase gradually increases with the annealing temperature, and it is lower than that in the rhombohedral

phase.
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Figure7 Luminescence decay data of Y; WO,, :Eu powders. (a) Exciting into the host lattice and (b) into the Eu** f-f transition
Tablel PL decay lifetime ¢ of Eu’t ions in the phosphors calcined at different temperatures T,
Ex and Em are the excitation and emission wavelengths, respectively, R’ is the
adjusted R-square of the regression analysis of the decay data shown in Figure 7
T/C t/ms R? Ex/nm Em/nm t/ms R? Ex/nm Em/nm
800 953(7) 0. 995 330 613 810(6) 0. 995 395 613
900 969(7) 0.996 328 613 742(9) 0. 986 395 613
1000 987(6) 0.996 325 612 780(7) 0.992 395 613
1100 949(6) 0.996 325 612 792(9) 0.988 395 613
1200 1 059(7) 0.997 309 606 964(7) 0. 995 395 612
1300 990(6) 0.997 309 606 863(6) 0.996 395 606

Generally speaking, Eu®™ ions in different chemical environments should also show different decay
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characters. The PL decay curves obtained by exciting the WQ; groups and Eu®" ions of the samples are
shown in Figure 7. It is revealed that all the curves can be well fitted to a first order exponential decay
function,

I, = I, + Aexp(— /o) , 2
where ¢ is time, 7 is the lifetime of the excitation state, A is a constant, I, and I, are the PL intensity at
time ¢z and ¢=0, respectively. By fitting the data to Eq. 2, the lifetimes of the emission are obtained and
summarized in Table 1. It is observed that the lifetime varies in a narrow range from 0. 949(6) ms to 1.

059(7) ms, and generally increases with the calcination temperature in the cubic phase.

3 Conclusions

Y; WO, : Eu®" phosphors in cubic and rhombohedral phases were synthesized by a citrate-complex-
ation based method. Red-emitting of Eu®" ions could be obtained under near-UV or blue light excitation.
The excitation band of WO in the near-UV region shifts from 309 of the rhombohedral to 330 nm of the
cubic. At the same time, the red component in the emission increases gradually from rhombohedral to
cubic and with the calcination temperature. The Yo WOy, : Eu®" in cubic phase might be also promising

near-UV excited red phosphors for solid-state lighting.
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