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ZnWO,:EW®t nanocrystals were prepared by the hydrothermal method at various temperatures and pH values.
Their luminescent properties including excitation and emission processes, luminescent dynamics, and local
environments surrounding Euions were systemically studied. The results indicate that the particle size of
the nanocrystals grows with increasing hydrothermal temperature, while it rarely changes with pH value. The
excitation bands for Eti, which are contributed by different components, shift considerably to blue with the
increasing pH value. The relative intensity of blue-green emission bands caused by the tungstate groups can
be greatly modified by changing the pH value, thus the white color phosphors can be obtained. There exist
two symmetry sites for theDy,—’F, emissions of E&f, inner and surface. The former corresponds to lines
with narrower inhomogeneous width and slower decay time, while the latter to the lines with broader width
and faster decay time. The emissions for tungstate groups mainly originate from the charge transfer from
excited 2p orbits of @ to the empty orbits of the central ¥Wions. On the other hand, the emissions for

Ew' ions are contributed by both the charge transfer frofn ©© EW#" and the energy transfer from &V

ions to Ed" ions. A schematic is proposed to explain the photoluminescence processes in the:ZoWO
nanocrystals.

I. Introduction doped tungstates, tungstates emit blue-green lights themselves
under ultraviolet excitation. At the same time, tungstates may
also effectively transfer energy to rare earths such as trivalent
europium and samarium, generating red-emissté#sThere-

fore, some rare earth doped tungstates become potential white-
ffight phosphors. In the past few years, there appeared only a
ew literatures corresponding to the preparation and photolu-
minescent properties of rare earth doped tungstates nanocrystals,

It is known that tungstate is a very important family of
inorganic material that has a high potential application in various
fields! such as photoluminescentejicrowave application%,
optical fibers? scintillator material$, and so on. As a self-
activating phosphor, tungstate has some advantages, e.g., hig
chemical stability, high average refractive index, high X-ray

absorption coefficient, high light yield, short decay time, and and their studies mainly focused on sample preparafidia

low afterglow to luminescence. There exist wo types of completely understand the luminescent properties of them
structure in tungstates: wolframite and scheelite. Zinc tungstate. pietely prop ’

has the wolframite structure which is monoclinic with space including eIectronic_; transition, energy transfer_, and sit_e sym-
groupP2/c. The luminescent properties of zinc tungstate have metry, comprehensive spectral studies are required. In this paper,

. . : I - we mainly report the photoluminescent properties of the
ggiigllzzi(;[)enn(s:lr\)/glt);[z!g\gestlgated because it is a widely used wolframite ZnWQ:EW" prepared by the hydrothermal tech-

The studies on luminescent properties of nanosized phosphoréﬁlioIue at different hydrothermal temperatures and different pH

are attracting current interests because they are significant notvalues. The hydrothermal synthesis of tungstates was first

only for applications but also for essential understanding of :ﬁggf)%di?;Frﬁ\(g\:gne?fte?:t.il\:ésv(v:gni;wd:r:etﬂéhsgl'i[z?sgircr)égirggﬁl o
nanocrystals, such as confinement effect, surface effect, etc. Yy

Among them, rare earth doped nanophosphors have attracte 0892_E6+ lons i ggi Igttlc;aZlZnV;l]Qfor energy tr%nsfer gOIT
particular attentio?r 14 because the corresponding bulk materials h 4 grolups tol E)ns. hn this paper, we o sert:/e tl at
have large practical applications in lighting and dispfaj£etc. the %entr?EVé’fve engtl of t 3 ex(;;:c'[fatlon spectra, the re atlvde
It is expected that in the nanosized phosphors the luminescen huemra‘teigoof blug?r:feri gr%&il;esioits tlo ?;(zn:;grgmg:% ﬁge;; EE
guantum yield as well as the resolution of display be improved d ded st Gll the hvdroth | diti
considerably. In addition, some rare earth ions such & Eu epended strongly on the hydrothermal conditions.
may act as common activators to detect local environmeénts || Experiments
due to their super-sensitive-f transitions. Up to now, a great . .
number of rare earth doped nanosized phosphors have been A. Sample Preparation. Zinc tungstate (ZnW¢) nanocrys-
prepared and studiéd;?° including tungstates. In rare earth LIS Were prepared by the reaction of Zn(i¥oand Eu(NQ)s
as well as NaWO, for 12 h at different temperatures and

* To whom correspondence should be addressed. E-mail: hwsong2005@different pH values. In a typical procedure, appropriate amounts

yahoo.com.cn. Fax: 86-431-6176320. high-purity EyO3; powder was dissolved in hot concentrated
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Figure 1. XRD pattern of ZnWQEUW" powders prepared at different

hydrothermal temperatures and different pH values in comparison to L 2000m

the standard card. Figure 2. FE-SEM images of the ZnW(EW** samples prepared at
° = 0, = 0,

HNO;3 to form Eu(NQ)s solution, and Zn(N@),-6H,O and Na- 8)) iggog ((EE :%)) ((22 nr:%l g;z)'.(b) 180°C (pH = 6) (2 mol %), and

WO,4-2H,0O were dissolved in deionzed water respectively to

get the corresponding solutions. Then the later two solutions

were mixed together (1 mmol Zn(NJ and 1 mmol NaWOy), - % N\ 180°C

and then appropriate Eu(Nf@was added with vigorous stirring. ] m

The pH value (pH= 6, 9, 10) of the mixed solution was adjusted E 160°CJL

with dropwise of HNQ or NaOH solution. After that, the £ m

solution was added into a Teflon-lined stainless steel autoclave E ..ﬂid;

of 50.0 mL capacity. The autoclave was kept at a certain ﬁx“ _1200C)

temperature in the range of 12080 °C for 12 h. Afterward 200 300 500 600 700

the autoclave was cooled to room temperature gradually. Then Wavelength (nm) |

the white precipitate was collected and washed with deionzed Figure 3. Room temperature excitation spectra+(l_eft patth(= 611
water several times. The solid was heated af@@and dried M) and emission spectrdet = 326 nm) of Ed™ in ZnWO;EW
under vacuum for 2 h, finally the white powders of ZnWoO powders prepareod at different hydrothermal temperatures (right part)
Ew* were obtained. (pH = 6) (2 mol %).

B. Measurements. X-ray diffraction (XRD) data were ¢ 44 50 nm (see Figure 2a), while that for the sample D is
collected on a Rigaku D/max-rA X-ray diffractometer using & ,6,t 76-80 nm (see Figure 2b). This further indicates that
Cu target radiation source. Field emission scanning eI‘:"Ctronincreasing the hydrothermal temperature leads the nanoparticles

microscopy (FE-SEM) was taken on Philips LX30 electron g jhcrease. Comparing the nanocrystals prepared at different
microscopes. Fluorescence and excitation spectra were recordefl yajies we could not observe obvious change of the

at room temperature using a Hitachi F-4500 spectrophotometery, ,qnaricles. The particle sizes observed by FE-SEM are larger

equilpped with a continuous lSOW Xe-arc lamp. For Comparison i, the crystalline sizes estimated by XRD patterns, which may
of different samples, the emission spectra were measured at 8,5 qused by aggregation.

fixed bandpass of 0.2 nm with the same instrument parameters g tact of Preparation Temperature on Luminescent

(2.5 nm for the ex0|tat|on_sllt, 2.5 nm forthe_ emission slit). In Properties. Figure 3(left part) shows the excitation spectra
the measurements ,Of high-resolution emission spectra and repared at different hydrothermal temperatures. In the spectra,
fluorescence dynamics, a 266 nm laser generated from a pulsedy o hands extending from 200 to 400 nm are dominant. The
Nd:YAG (aluminum garnet) laser combined with a fourth sharp line assigned to tfB,—5L transition of EG* at 394 nm
harmonic generator was used as a pump. It was with a line width .o, he 4150 observed. The broad bands can be decomposed into
of 0.2 cn1?, pulse duration of 10 ns, and repetition frequency two Gaussian components, A and B. The location of peak A is

of 10 Hz. A Rhodamie 6 G dye pumped by the same Nd:  5.6,,nq 260 nm, while that of peak B is around 330 nm. The
YAG laser was used as the frequency-selective excitation sourcey,, peaks have a little shift{10 nm) in different samples. In

A spex 1403 spectrometer and a boxcar integrator were used tOaddition, the relative contribution of the two peaks varies with

record .the high-resolution emission spectra and ﬂuorescencehydrothermal temperature. The higher the hydrothermal tem-
dynamics. perature is, the larger the relative contribution of the peak B is.
The broad bands in the UV region may contain the charge-
transfer excitation of Eif and the energy-transfer transition
A. Crystal Structure and Morphology. Figure 1 shows the  from tungstate groups to Etiions. In most of the literatures,
XRD patterns of ZnWQEW" powders prepared at different  the contribution of the two components cannot be distinguished
hydrothermal temperatures and pH values in comparison to thedue to spectral overlad3:23 The CT band corresponds to the
standard card. It can be seen that the crystal structures of allelectronic transition from the 2p orbital oPOto the 4f orbital
the samples belong to the pure monoclinic phase. In comparisonof Eu3*, and it is related closely to the covalency betweén O
to the standard card, the XRD patterns of the powders becameand Ed" and coordination environment around Eu The
broader, indicating the formation of nanocrystals. Estimated decrease in energy for electron transfer it @ EW* represents
according to Scherrer equation, the average crystalline sizes ofthe increase in the covalency, the decrease in ionicity between
the powders are in the range of 4B0 nm. The increasing  oxygen and E#. According to the literatures, the location of
hydrothermal temperature leads the crystalline size to increasethe charge-transfer band for Euin ZnWQy is around 250 nrd?
a little. In the present nanocrystals, it is suggested that the peaks A and
Figure 2 shows FE-SEM images of Zn\/@u** nanocrystals B are both contributed by the excitation of tungstate groups,
prepared at different conditions. It is obvious that all the powders corresponding to two different crystal-field components. The
yield nanoparticles, and they tend to aggregate together. Thecorresponding emission spectra under the excitation of the same
average size of the nanopatrticles for the sample A is in the rangecontinuous Xe-lamp are shown in Figure 3 (right part). In the

I1l. Results and Discussion
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Figure 4. (a) Room temperature emission spectra of ZnyVEQ? 0 600 1200 1800

powders prepared at different temperatures under the 266 nm pulsed
laser excitation (delay time: [&s). Inset: Dependence of relative
integral emission intensity for Bt ions to WQ? on preparation Figure 6. Fluorescence decay dynamics for the Zny\ED**+ (2 mol
temperatures (pk= 6) (2 mol %). (b) Emission spectra for thBy— %) powders (180C, pH= 6) measured at different wavelengths. The
F, transitions (delay time: 258s) (pH = 6) (2 mol %). scattered dots are experimental data, and solid lines are fitting curves.

Time (ps)

emission spectra, thi—’F; transitions § = 0, 1, 2) can be
clearly observed. Among them, the electronic dipole transition
of ®Dp—7"F; at 611 nm is dominant. Generally, the emission
intensity of >Do—’F; increases as the preparation temperature
increases. As is well-known, tH®,—7F; lines originate from
magnetic dipole transition, while th#®—"F, lines originate
from electric dipole transition. In terms of the JueOfelt
theory, the magnetic dipole transition is permitted. The electric . . )
dipole transition is allowed only on the condition that the t|ve_ly. The higher the temperature is, the obvious the spectral
europium ion occupies a site without an inversion center and is SPIItting is.
sensitive to local symmetry. Subsequently, wher¥*Eions Figure 5 shows time-resolved emission spectra foPihe-
occupy inversion center sites, tABo—’F; transitions should ~ 'Fs (3 =0, 1, 2) transitions in the sample prepared at 180
be relatively strong, while théDo—7F, transitions should be It is interesting to observe that corresponding to shorter delay
relatively weak. The results above indicate that'Hons mainly time (5 and 1Qus), the line at 615 nm is broader. Corresponding
occupy one site without an inversion center. Note that under t0 longer delay times (50 and 20), the line at 615 nm can
the excitation of continuous lights, the band emissions causedbe identified as two components, peaking at 613 and 615 nm,
by tungstate groups are not observed. respectively. This indicates that shorter delay time corresponds
The high_reso|uti0n emission spectra pumped by a 266 nm to Iarger inhomogeneOUS broadening. In other WOFdS, there exist
pu|sed laser (de|ay t|me‘u§) are shown in Figure 4a. In the at least two kinds of BEYf centers for théD0_7F2 transitions.
spectra, besides th®y—7F; lines ¢ = 0, 1, 2) for EG* in the One kind of luminescent Bt center locates at well-crystalline
red range, two emission bands in the blue and green regionslocal environments, which demonstrates a narrower inhomo-
appear, having peaks at 450 and 519 nm, respective]y, whichgeneous width and a |0nger decay time constant. The oti¥&r Eu
should come from the emissions of tungstate groups. The ions locate at more disordered local environments, which display
luminescence of tungstate groups is a result of its wolframite @ broader inhomogeneous width and a shorter decay time
structure. The W@~ complex and a slight deviation from a  constant. According to the time-resolved spectra, it is possible
perfect crystal structure are believed to be responsible for thethat the energy transfer happens betweett Eenters locating
emission bands, and its luminescent properties are mainlyat different symmetry sites or local environments.
determined by the charge-transfer transitions between the O2p Figure 6 shows the fluorescence dynamics (log of intensity
orbitals and the empty orbits of the centrafWons in the versus time) in the ZnWg Ew* powders (180°C, pH = 6)
WOg?~ complex. It is observed that the relative intensity of the measured at different wavelengths. It can be seen that for the
5Do—"F; transitions for E&" to the bands of tungstate groups °Do—’F; transitions the fluorescence decays nonexponentially
increases with increasing the preparation temperature, as showmand can be divided into three different regions. In the original
in the inset. This could be attributed to boundary effect. It is region the fluorescence decays quickly, in the second region
considered that the energy of a luminescence center can onlythe slope gradually decreases, and in the final region the slope
be transferred resonantly within one particle since the energy becomes a constant again. It is a typical fluorescence dynamics
transfer is hindered by the particle boundétyso a larger in which energy-transfer process happens. Because in the system
particle can lead to higher energy-transfer efficiency. The size EW** ions act as donors, it is difficult to decide the situation of
of the present hydrothermal samples increase with the temper-the acceptors. We just consider the-D transfer by multipolar
ature, as mentioned above. In tigy—7F, emissions shown in  interaction mechanism. According to theory of B. Henderson
Figure 4a, it can be observed that there exist two main peaks,and G.F. ImbusB® for the D-D transfer by multipolar
around 615 and 625 nm, respectively. In comparison to the interaction mechanism, the luminescence decays with time as

emission spectra in Figure 3, the relative intensity for the 625
nm peak increases. In addition, it is interesting to observe that
the relative intensity increases as the hydrothermal temperature
decreases. Figure 4b shows the emission spectra as the delay
time is increased to 25@s. As shown, in the samples prepared

at higher temperature, the 615 nm peaks are spilt into two
components further, having peaks at 613 and 615 nm, respec-
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- - _ (3 TABLE 1: Variation of Fluorescence Decay Constants of
1) = 1(0) expl-Vrg) = (T/rap)] (1) ZnWO 42 mol % Eu3t (pH = 6) on Sample Preparation
. Temperature?
with
Aem= 615 nm Aem= 628 Nnm
_ 4 35 3 3 sample T Twa 7 Twa
1/73/n - 3 nDr(l n)Rmin (WOIt) fBT (2) temp CC) (,us) (#31/2) (us) (lu31/2)

. S . . . 120 362.3 16.7 486.4 6.3
Whererr is the intrinsic decay time of the excited Euions, 140 4115 18.0 492.6 94
np is the density of donors (Eti for our sample)n = 6, 8, 10 160 531.9 16.9 411.5 10
for dipole—dipole, dipole-quadrupole, and quadrupetguad- 180 409.8 14.3 454.5 8.3
rupole mechanism&nmin is the closest distance between nearest-  a, ig the decay time constant of By and zys is the parameter
neighbor cations, andl is the transfer rate between¥tons defined by eq 2 in the text.

in nearest-neighbor sitefst is a factor to take back-transfer
into account; its form depends on the model used to describe
the back-transfer process. In general the dipojeadrupole
interaction is rather weak compared to the dipalgole
interaction, so the decay curve was fitted by the above formula
selectingn = 6. The fluorescence dynamics in the powders
prepared at the other hydrothermal temperatures were also
measured. The decay time constants in different samples are —
listed in Table 1. It can be seen that the decay time constant 200 S&Oavelength (HSI?I;) 600 700'
increased with the increasing hydrothermal temperature. In _ — o
addition, it is obvious that the decay time constant measured at;;%l::rt?;bf (%%E?gltﬂg?n‘i)pigﬁr?ﬁeem :amﬁ’;lt s”';‘))/n?ﬁgsi(zbé dert?lI:SIS(;r:ne
6_28 nm is generally larger than that r_ne_asured at 615 nm. lntemperature (186C) and at different pH values.

Figure 6, it can be seen that the emission for the tungstates

decays exponentially, with a time constant of 48

C. Effect of pH Value on Luminescent Properties.The X ijk\
excitation spectra of the ZnWEW" (2 mol %) samples ]

prepared at 180C in different pH values are shown in Figure ]
] Mg, =278nm

Intensity (a.u.)
=
L

7 (left part). It is interesting to observe that the intensity
maximum in different samples varies remarkably. For the ]

samples of pH= 10, 9, and 6, the intensity maximums locate :MJ\“’\WTL
at ~253, 279, and 327 nm, respectively. Obviously, the 400 250 500 550 600 650
excitation bands in the three samples are all contributed by Wavelength (nm) I

different components, thus they are decomposed by multi- Figure 8. Emission spectra for the ZnWAEW" (2 mol %) powders

Gaussian functions. In the sample of pH 10, the three_ (180°C, pH = 9) under the excitation at different wavelengths.
composed peaks locate at 253, 291, and 329 nm, respectively,

while in the sample of pH= 9, they locate, respectively, at as a consequence, the corresponding excitation path became
246, 279, and 327 nm. In the sample of pH 10, the more effective compared to others. The broad emission band
contribution of the 253 nm peak is dominant, while in the sample appeared for the sample pH 10 together with the absence of

of pH = 9 the contribution of the 279 nm peak is dominant. In excitation band at 320 nm, implying that the charge transfer of
the samples of pH= 6, the peak around 250 nm is absent and O—Eu and G-W(1) both happened. For the sample pH6,

the two composed peaks locate at 276 and 330 nm. The 330when the excitation wavelength was changed to 327 nm, the
nm peak contributes dominantly. The three peaks all came fromsecond type WG~ group was excited, subsequently, the
the tungstate absorption, and the peak253 nm also contained  resonant energy transfer from the second typefV@roup to

the change-transfer transitions from O2p to*Eions?® The 5H; of Eut happened, so the emission of the second type
279 and 329 nm peaks should be assigned to excitation ofWO42~ group disappeared.

tungstate with different structures due to different surroundings  Figure 8 shows the emission spectra in the sample ofpH

of them, corresponding to two different tungstate groups (two 9 under the excitation of different wavelengths. It is evident
kinds of W ions: W(1) and W(2)). They were the normal that corresponding to the excitation of the 246 and 279 nm
tungstate groups and the perturbed groups which lack onebands, the emissions that originated from tungstate groups
oxygen ion ascribed by M. J. J. Lamméfszigure 7 (right part) appear due to the charge transfer from O2p o \Wns, while
shows the corresponding emission spectra. In the samples oto the excitation of the 327 nm band, these emissions disappear
pH = 9 and 10, the emission bands peaking at 478 nm can bedue to efficient resonant energy transfer from the second type
clearly observed, which are assigned to the tungstate groupsWO42~ group to Ed". On the basis of the above results, we

In the sample of pH= 6, the 478 nm peak is absent. It is evident suggest that in the ZnW/EW" nanocrystalline powders, the
that as the pH value increases the luminescence of®WO  emissions for tungstate groups mainly originate from the charge
becomes strong gradually. Therefore, changing the pH valuestransfer from excited 2p orbits of 2D to the empty orbits of

can adjust the relative contribution of the tungstate groups (blue- the central V" ions. On the other hand, the emissions fof'Eu
green) to E&" ions (red), thus change the color of the ZnWO  ions are contributed by both the charge transfer frofn ©

Euwt, which has potential application in the device of white- EW" and the energy transfer from%Vions to E&" ions. When

light phosphorslt is suggested that pH values affect the relative the excited wavelength 244 nm was selected, the charge transfer
number of the perturbed tungstate groups to the normal tungstatefrom O2p to W ions and from O2p to EXf both happened.
groups. As the pH value deceased, the relative number of theWhen the excited wavelength changed®27, only the charge
perturbed tungstate groups to normal tungstate groups increasedyansfer from O2p to the second type®¥ons occurred, and

Intensity (a.u.)
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Figure 10. Excitation spectraitm = 611 nm) for different E&F
concentration of ZnW@QELW" powders prepared at 18C in different
pH values: (a) pH= 6, (b) pH= 9.

then the energy was resonantly transferrecPig of Eut.
Accordingly, the schematic diagram of the photoluminescence
processes is drawn as Figure 9.

D. Photoluminescence on E¥ Concentration. The depen- T
dence of photoluminescence properties on the concentration of Time (ps)
Ew*" is studied also. Figure 10 shows excitation spectra 8f EU  Figure 12. Fluorescence decay curves in the samples with different
in the ZnWQ:EW®" powders containing different concentrations  europium concentration: (8po—7F transitions at 615 nm, the scattered
of europium and prepared at different pH values (a)$H, dots are experimental data and solid lines are fitting curves, and (b)
(b) pH = 9. It can be seen that in the samples of 6, the tungstate transitions at 450 nm.
excitation bands all can be composed of two peaks, A and B.

The relative contribution of the peak A to peak B has only a in the system there exists not only the energy transfer from
little variation as the concentration of europium varies. In the WO4?~ to EW¥* but also the back transfer from Euto
samples of pH= 9, the excitation spectra change considerably WO42~. The existence of these two reverse processes leads the
with europium concentration. Simplyy, the excitation bands can intensity of WQ?2~ to vary complicatedly. Figure 11b shows
all be decomposed into three components, similar to the resultsthe emission intensity ofDo—'F; for EW** as a function of
shown in Figure 7. The contribution of the three components €uropium concentration. In the sample series with=pid and
varies remarkably with doping concentration of europium. The PH= 9, the optimum values of europium concentration are both
higher concentration of europium leads the relative contribution 5 mol %.

at shorter wavelength to increase. As a result, the excitation Figure 12a shows the fluorescence decay dynamics f&r Eu
maximum shifts to blue with the increasing europium concen- in the ZnWQ powders with different concentrations of eu-
tration. ropium. It is obvious that in all the samples the florescence

Figure 11a shows the emission spectra of the ZnWBLE" decays nonexponentially, and the curve can be fitted also by
powders prepared at pH 9 (180°C) with different concentra-  formula 1. Figure 12b shows the fluorescence decay dynamics
tions of europium. From the spectra it can be seen that the for the emission of tungstate in the corresponding samples. As
emissions originated from the tungstate groups vary with'Eu  can be seen that, the fluorescence decays fast and exponentially.
concentration complicatedly. First the fluorescence intensity The fluorescence decay time constants in the samples with
decreases with the increasing concentration. In the 2 mol % different EF* content are listed in Table 2. It was obvious that
sample, the intensity is the weakest. Presently, the origin of the fluorescence decay time constants ot'Etecreased with
the complicated variation is not clarified. It is suggested that the increasing Eif content. That was caused by the cross-
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TABLE 2: Variation of Decay Time Constants of Eu*™ and ]
WO 42~ in the Samples Prepared at pH= 6 and T = 180°C - ;’N\\_—’i‘
on Europium Concentration? 2 180°C 8%
Eu content T T3 7 £ :M
(%) (us) (us?) (us) 2 oL
0 45 =] M/\‘v@y;m
0.5 534.8 11.7 4.8 oo ,
1.0 483.1 14.7 4.7 576 578 580 582 584 586
2.0 409.8 14.3 4.8 Wavelength (nm)
5.0 427.4 18.4 4.9 Figure 14. Room temperaturéo—5D, excitation spectra monitoring
8.0 215.1 123 5.4 different 5Do_7F, sites in sample ZnWQEW* (2 mol %) prepared at
ar is the decay time constant of &y r.s is the parameter defined 1200_0 (pH = 6), (2 mol %) 180°C (pH = 6), and (8 mol %) 180C
by eq 2 in the text, andr is the decay time constant of the WO. (PH = 6).
M Eﬂ.j 5, we could conclude that the emissions of*Ewat site M
= correspond to a shorter decay time constant, while those at site

L N A rewstinm N to a longer constant.
M The site-selective excitation experiments were also performed
_//'\_,\__.l_mﬂ'i,"‘_ in the other samples. Figure 14 shows a comparison of the

Intensity (a.u.)

frequency-selective excitation spectra in different samples. It
N o e is apparent that as the preparation temperature decreases
576 578 580 582 584 586 (corresponding to smaller particle size), the relative contribution
Wavelength (nm) for the emissions of EU ions at site M increases, while as the
] N L doping concentration of europium increases, the relative con-
_ ;:—F/\“\\H‘__ — tribution for site N increases. Therefore, we can conclude that
£ m; the emi'_ssions of_ EU at site M have the foIIovying features in
PR ; comparison to site N: (1) It locates at the higher energy side
z 1 Ay =879 S0nm of the emission at site N. (2) It is with a broader inhomogeneous
g _,_JN’&*_._”.""“_" width and with a shorter decay time constant. (3) The contribu-
] Mm tion of the emission increases with decreasing particle size.
600 610 620 630 640 These are typical features for the emissions of'Hacating at
Wavelength (nm) I the surface or near the surface according to our previous studies
Figure 13. (a) Room temperaturé,—5D, excitation spectra monitor-  in YO3:EU" nanocrystal@? thereby, the emission of Etiat

ing different>Do—"F; sites, (b)*Do—"F emission spectra selectively  symmetry site M is attributed to photoluminescence ot'Eat
exciting’Fo—°Dy transitions in sample ZN'WEL" (2 mol %), prepared  the surface site, while that at site N to the luminescence at the
at 180°C (pH = 8). inner site. In comparison to the results with different europium
concentrations, the relative contribution of inner site (N) became

relaxation among EX ions. As for the fluorescence decay of larger, as the europium concentration increased

the tungstate emission: the more the concentration of europium
is, the slower the fluorescence decays. This could be attributed
to the influence of E¥ doping on some defect states. The
decrease of defect states will lead the nonradiative transitionto  We have synthesized and characterized the Zp\B@&"
decrease, as a consequence the fluorescence lifetime increasesanocrystals prepared by hydrothermal method, and systemati-

E. Site Symmetry.The site symmetry surrounding Euions cally studied the dependences of luminescence properties on
in the ZnWQ:EW" nanocrystals was studied by frequency- various preparing conditions, such as hydrothermal temperature,
selective excitation spectra. Parts a and b of Figure 13show,pH value, and doping concentration of europium. The results
respectively, room temperaturé=,—°D, excitation spectra  demonstrate the following: (1) The particle size of the nanoc-
monitoring different®Do—"F; sites, and théDo—’F, emission rystals grows with increasing hydrothermal temperature, while
spectra selectively exciting—>Dg transitions in the sample it rarely changes with pH value. (2) The excitation bands for
ZNWO4EWT (2 mol %), prepared at 18 (pH = 6). In Figure Eudt are contributed by three components, including the charge-
13a, two excitation peaks are distinguished, located at 579 attransfer transition band from?0to El?* and G~ to W5 (~250

IV. Conclusions

582 nm, respectively. Generally, tPiRo—"F, transition of EG" nm) and two energy-transfer transition bands from the tungstates
is a parity forbidden, but when Bl occupy one ofCs, Cn, to EWt (~280 and~330 nm). The relative contributions of
Cnw, the parity forbidden will be partially permitted and thus a these different components vary a little with hydrothermal
5Do—"Fo emission can be observed. Because>be-"Fj line temperature and concentration of europium, but vary signifi-
has no splitting at any crystal-field, it is suitable to study the cantly with pH value. A larger pH value leads the central
site symmetry surrounding Etu The observation of twéF— wavelength to shift blue. (3) The blue-green emission bands

5Dy excitation peaks indicate that there exist two luminescent caused by the tungsate groups can be observed at room
symmetry sites, which are labeled as site M and site N, temperature, and the relative intensity of the blue-green emission
respectively. It can be seen that the line at 579 nm (site M) is bands to the red emissions 8Dy—’F, for EW*" can be
broader than the line at 582 nm (site N). In Figure 4b, it can be considerably modified by changing the pH value. By this way,
seen that corresponding to the excitation at site N, there appeathe white color phosphors can be obtained. (4) According to
two distinctive®Do—"F; lines, at 613 and 615 nm, respectively, the studies of time-resolved emission spectra, there eRjst

while corresponding to the excitation at site M there appears ’F, emissions of E# surrounding two local environments,
only one broader line due to spectral overlapping of the two better crystalline and more disordered. The lines corresponding
lines. Comparing to the time-resolved emission spectra in Figure to the former local environment are sharper and decay slower,
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while the lines corresponding to the latter local environment (8) Grassmann, H.; Moser, Iuldddain) 1985 33, 109.

are broader and decay faster. The site-selective excitation spectra  (9) Meyssamy, H.; Riwotzki, K asumblaiai 1999 11, 840.
further indicate that they correspond to two different symmetry __(10) Yada, M.; Mihara, M.; Mouri, S.; Kijim amhdaias. 2002 14,
sites of EG" ions, respectively the inner site and the surface

. o _ - 11) Wang, X.; Li, Y. 2003 9, 5627.
site. (5) The emissions for tungstate groups mainly originate ) 9 i 2003

from the charge transfer from excited 2p orbits 6f Qo the

empty orbits of the central ¥ ions. On the other hand, the
emissions for E¥ ions are contributed by both the charge
transfer from G~ to EW** and the energy transfer from &V
ions to Ed" ions. In conclusion, this work is helpful in

(12) Meltzer, R.; Feofilov, S.; Tissue, (Ritktingms 1999 60, 14012.
(13) Williams, D.; Bihari, B.; Tissue, B.; McHale, J. Phys. Chem. B
1998 102 96.

(14) Song, H.; Chen, B.; Peng, H.; Zhang jinsiaiisusssiagtt 2002
81, 1776.

(15) Shin, J.; Hoven, G.; Polman, fximisitaseiagtt1995 66, 2379.
(16) Fu, M.; Yoshida, M.; Kanzawa, Y.; Hayashi, S.; Yamamoto, K.

completely understanding the luminescent properties of nanoc-appl. Phys. Lett1997, 77, 1198.

rystalline ZnWQ:EW?* powders.
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