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ABSTRACT

Red phosphors NaL g ,.Eu, .(M0O,), have been synthesized by sol-gel
method assisted by microwave. X-ray diffraction and fluorescence spectro-
photometer were used to analyze and investigate the phase structure and
luminescent properties of phosphors, respectively. The results show that
the as-synthesized sample belongs to tetragona scheelite-structure. The
excitation spectrumof NaL g, ,.Eu, .(M0O,),iscomposed of two major parts:
oneisthe broad band between 200 and 350 nm, which belongsto the charge
transfer of Mo-O and Eu-O; the other consists of a series of sharp lines
between 350 and 500 nm, ascribed to the f-f transition of Eu®". The main
emission peak isat 616 nm, which is ascribed to the transition of °D —'F, of
Eu®*. Moreover, the luminescent intensity of NaLa, ,.Eu, .(M0O,), can be
greatly enhanced with incorporation of PO,* and charge compensator Li*.
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INTRODUCTION

Whitelight-emitting diodes (w-LEDSs) can offer a
lot of benefitsintermsof higher efficiency, longer life-
time, lower power consumption and environmenta pro-
tection>. In recent years, blue-, green- and red tri-
color phosphorsare used and combined withaNUV
InGaN chip (350-410 nm) to generate white light in
order to solvethe problem of low color-renderingin-
dex for ydlow-bluecombination. Therefore, these phos-
phorsexcited effectively by NUV-LED chipsattract
extensiveattentions?.

Recently, rareearthionsdoped molybdateasakind
of new w-LEDs phosphorshasbeenwidey appliedin
thefield of luminescent materid S*9. Especidly, double
molybdateswith schedlite-likestructure show excellent
thermal and hydrolytic stabilityyand areregarded as
promising host materidsfor phosphord™. Todate, rare
earth ions doped double molybdate phosphors have
been prepared by different routes. Wang et al*! syn-
thesized aseries of Eu**-doped doublemolybdate red
phosphorsNaLn  Eu (MoO,),, AEu(MoQ,), (Ln=La,
GdandY, A=Li, NaandK) andA A’ Eu(MoO,),
(A,A’=Li, Naand K) by traditional solid state reaction
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method, and studied therdlationship between the struc-
turesand the photo-luminescent properties of the phos-
phors. Zhou et al™ prepared LiY, Eu (M0O,), red-
emitting phosphorsby sol-gel processandinvestigated
theeffect of Eu** concentration, anneaing temperature
andthemolar ratio of citricacid to thetotal metd cat-
ions on the fluorescent properties of as-synthesized
samples. Wang et al™@ synthesized NaEu(MoO,),
phosphors by the combustion method, and compared
the photo-luminescent of sampleswith that prepared
by the solid state reaction. However, the enhancement
of luminescent intensity of rareearth doublemolybdates
by doping negativeionshasbeenrarely studied.

Inthe present work, double molybdate red phos-
phorsNaL g, .Eu, .(M0O,), have been prepared by
s0l-gel method assi sted by microwave. Gdlingand dry-
ing timewere shortened greatly by microwaveradia-
tion. As-synthesi zed red phosphors can be excited ef -
fectively by UV, NUV and bluelight, showing good
prospect for red phosphorsof white LED. Theinflu-
ence of doping negative ions PO,* into the
Nala, .Eu, .(M0oO,), phosphorsonthestructureand
luminescent propertiesof Nal_g, .Eu, .(M0oO,), were
studied. Meanwhile, Li* wasintroduced aschargecom-
pensator in order to enhanceluminescent intengity.

EXPERIMENTAL

Nal g, .Eu, .(M0O,), phosphor was synthesized
by sol-gel method assisted by microwave. Firstly,
Eu,0,(99.99%) and La,0,(99.99%) were dissolved
respectively in appropriate HNO,(A.R.) to prepare
Eu(NQ,), and La(NO,), solution, then the accurate
concentrationswere determined by EDTA complexing
titration to ensureadesired stoichimetry. According to
thestoichiometricratio of target product, NaNO,(A.R.),
(NH,))Mo0.,0,,-4H,0(A.R.), citric acid(A.R.),
Eu(NG,), solution, La(NO,), solution and appropriate
amount of distilled water were added into a 100 ml
ceramiccrucible. Then, themixturewasstirred to make
thematerid sdissolvecompletdy. Subsequently, asmal
amount of aqueous ammoniawas added to adjust the
pH valueof thesolution to 2~3. Next, theresulting so-
|ution wastregted by ultrasonic wavefor 5minto make
raw materialsmix uniformly. Then themixturewasput
into a WG700SL2011-KG microwave oven, and
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heated under the power of middle-highfirefor 6.5min
to evaporate superfluouswater fast, and form atrans-
parent gel. Thenthe gel wasdriedinadrying oven at
90 °C. After drying, the dry white loose and porous
sample (whichwascalled the precursor) was obtai ned.
Finally, the precursor was ground into fine particles,
and calcined in muffle furnace at 800 °C for 3 hto
obtainthegoal product.

The preparation procedure of
Nala,.Eu, . (M0O,), (PO, Li aresimilartoabove
process. PO,* is from (NH,),PO,-3H,0(A.R.), and
Li* issupplied by LINO,, whichis obtained by there-
actionof Li,CO,(A.R.) and HNO.,.

Phase structureand crystal lization of synthesized
sampleswere characterized by X-ray diffraction anay-
sis(XRD) withaY 2000 diffractometer using Cu-Ka
radiation source (30kV x 20 mA, A=0.154178 nm).
Theexcitation and emission spectraof thesampleswere
recorded on an F-380 fluorescence spectrophotom-
eter. All measurementswere performed at room tem-
perature.

RESULTSAND DISCUSSIONS

XRD analysis

Figure1 showsthe XRD patternsof the as-synthe-
sized samples. It can beseenthat all of the peakscan
beindexedto theNaLa(MoQ,), nearly, which agrees
well with the JCPDS card (N0.24-1103). According
to that, the samples are all pure tetragonal phase
NalLa(MoQ,), with space group 14,/a. In these pat-
terns, the peaksof the reactants cannot befound, which
provesthat Eu**, PO,* and Li* ionshave entered into
thecrysd latticeand havelittleeffect onthecrystd struc-
tureof thehost NaLa(MoO,)... It can befound that all
the diffraction peaks shift toward thehigh angle side.
Thiscan beexplained by the Bragg equation, A=2dsin0
(disthedistance between two crystalplanes, 0 is the
diffraction angle of an observed peak, and A is the X-
ray wavelength). Sincetheradii of Eu** (0.106 nm) is
smadller thanthat of L& (0.116 nm), and theradii of P>
(0.127 nm) is smaller than that of Mo®* (0.41 nm)3,
WhentheLa* and MoO,> ionsinNaLa(MoO,), host
|attice are partially substituted by Eu* and PO,*ions
respectively, thecrystal lattice constantsaswell asd-
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gpacing decrease (shownin TABLE 1), hence, thediffraction anglesshift tothehigher angleside.
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Figurel: XRD patternsof samples

TABLE 1: Thecalculated lattice par ameter sof samples

a(A) c(A) Cell volume (A%
NaLa(M0Qy), (JCPDS N0.24-1103) 5.343 11.743 335.240
NaL 2 05sEUo 5(M0O5)s 5.333 11.718 333.320
NaL 2o ssEUo 05(M002)1 65(PO2)o 02 5.320 11.693 330.970
NaL ao ssEUo 05(M002)1 62(PO:2)o.0s 5300 11.668 328.930
NaL ag g5EUg,05(M 004)1.68(PO4)0.02L 10,02 5.308 11.658 328.480
NaL ag g5EUg,05(M 004)1.62(PO4)0.08L 10,08 5.304 11.654 327.870

Effect of co-doped PO,* ionson the luminescent
propertiesof NaLa .Eu, (M0oO,),

Figure 2 shows the excitation spectra of
Nal g, .Eu, .(M0O,), (PO,) withdifferent concen-
tration (x) of PO,*. It can beseenthat dl theexcitation
spectraare composed of abroad band and a series of
sharp lines. Thebroad band in therange 200 nm~350
nm can beascribed to the chargetransfer band (CTB)
of Mo-O and Eu-O, and the main peak isat 301 nm.
The sharp linesbetween 350 nm and 500 nm aredue
tointra-configuration 4f-4f trangtion of Eu** inthehost
lattice. Among them, the peaks at 395 nm ("F-°L )
and 464 nm (F -°D,) are stronger than otherg™**3,
Therefore, the phosphors can be excited by UV (301

0.05

nm), NUV (395 nm), and bluelight (464 nm) very well.
S0, it can match well with UV-, NUV- and Blue-LED,
showing agreat potential for practical applications.
Moreover, it can befound that the CTB shift toward
thelong wavelength sded ong withthedoping of PO,*.
The possible reason is as follows. Theradii of Pis
smaller than that of Mo, and the el ectronegativity of P
(2.19) is stronger than that of Mo (2.16), so doping
negativeions PO,* leadsto the bond length of Mo-O
being shortened. Asaresult, it requireslessenergy to
transfer an el ectron from an O* to Mo®, resultingin
the CTB shift towardslower energy, i.e.,, thelongwave-
lengthside.

The emission spectra(in Figure 3) show that the
PO,* concentration (x) haslittle effect on the shape
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and position of emission peaks. All theemission spec-
traaremainly composed of two strong emission peaks.
Theemission peak at 616 nmisascribedto the elec-
tricdipoletransition from°D, to ’F, of EU**, whilethe
emission peak near 592 nm is assigned to the mag-
netic dipole transition from °D, to ’F, of Eu®1617,
The PO,* concentration (x) has great effect on the
intensity of emission peaks. When PO,* doping con-
centration x<0.04, theemission intensity at 616 nm
increaseswith theincrease of x; theemissonintensity
isup to the strongest when x=0.04, which is about
1.3timesof theun-doped sample; if x>0.04, theemis-

sionintensity beginsto decrease. Thereason may be
that the el ectronegativity of Pisstronger than that of
Mo. Theincorporation of PO,* |eadsto the enhance-
ment of covalent degree of Mo®*-O% bond. There-
fore, theenergy stored in MoO,* isdecreased, while
the energy transferred to Eu* from MoO,* is en-
hanced, and then the fluorescence intensity of the
sampleisenhanced. However, when exceeding the
optimum concentration, superfluous PO,* ions may
cause oversizedistortion of thelattice, and then lead
to fluorescence quenching. Thus, the optimum con-
centration of PO,*> x=0.04.
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Figure2: Excitation spectraof NaLa,Eu

(MoO,), (PO,), samples
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Figure3: Emission spectraof NaL a .Eu, .(M0O,), (PO,) samples
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Effect of char gecompensation agent on thelumi-

nescent properties of NaLa, Eu, (MoO,),
APO),
In NaLa, ,.Eu, .,(M0O,), (PO,), phosphors,

MoO,* ionsare substituted partialy by PO,* ions. An
extranegative charge will be formed because of the
unbal anced charge between PO,* and MoO %, there-
fore, appropriate charge compensation is needed to
keep charge balance*®l.

In our present work, Li* wasintroduced asthe
charge compensator. The emission spectra of
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haslittle effect on the shape and position of emission
peaks, but has obvious effect on theintensity. Com-
pared with Figure 3, under the same concentration
of PO,*, theluminescenceintensity of samplesdoped
with Li* isal enhanced, and theemissionintensity is
up to the strongest when x=0.04. The possiblerea-
sonfor aboveresultisasfollows. Theincorporation
of appropriate charge compensator Li* ions makes
the charge keep balance, and meantime cause the
distortion of thecrystal lattice, improving the prob-
ability of transition emission of Eu®*", and then en-

NalLa .Eu, . (M0O,), (PO, Li areshowninFig- hancing the emission intensity of NalLa, Eu, .
ure4. It can be known that doping small amount Li*  (MoO,), (PO,), phosphor.
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Figure4: Emission spectraof NaL a, Eu, (M0O,), (PO, Li samples
hanced significantly by doping negativeionsPO,*, and
CONCLUSION reach themaximum at the doping concentration x=0.04.

In this work, red-emitting phosphor
Nal g, .Eu, .(M0O,), withtetragona schedlite-struc-
turewas successfully synthesized by sol-gel method
assisted by microwave. Thismethod hasmany advan-
tages of short gellingand dryingtime, low calcination
temperature, energy saving, easy operation, uniform
composition, and so on. The phosphor canbeexcited
effectively by UV-, NUV- and Blue-emitting LED chip
dueto their broad excitation band extending from 250
nm to 500nm. Therefore, NaLa .Eu, .. (M0O,),
shows good prospect for red phosphors of white LED.
Theemissionintensity of NaLg, .Eu, .(M0O,), isen-

Moreover, Li* wasdoped asthe charge compensator,
and improved the luminescent intensity of
Nal g, Eu, (M0O,), (PO, samples.
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