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Abstract: Eu' - -doped C;dzMo309 was prepared by solid-state reaction method using Na2C03 as flux and characterized by 
pow-der X-ray iliffractometry . According to X - r q  diffraction, this material belonged to a tetragonal system with space group 
141/a . The ef ects of flus content and sintering temperature on the luminescent properties were investigated with the emis- 
sion and ex& tion spectra. The results showed that flux content and sintering temperature had effects on the luminescent 
properties, the optimized flus content and the best temperature was 3 %  and 800 "c, respectively. The excitation and 
emission spect .a also shoi+ed that this phosphor could be effectively excited by C-T band (280 nm) , ultraviolet light 395 
nm and blue 1 ght 465 nm . The wavelengths at 395 and 465 nm were nicely fitting in with the widely applied output wave- 
lengths of ultn \ iolet or blue LED chips. Integrated emission intensity of Gd2Mo309 : Eu was twice higher than that of 
Yz0zS Eu3 + L nder 395 nm excitation. The Eu3 + doped GdzMo3Og phosphor may be a better candidate in solid-state light- 
ing applications. 
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The restwch on the luminescent materials con- 
taining trivalent rare earth iocs ( RE3 + ) has increased 
considerably in  recent >-ears ' . Fluorescent materials 
have various applications in lighting and display indus- 
tries. For exaniple, Eu activated materials as  red com- 
ponent have potential applications in color television 
displays 'A . 

Now-a-d.iys light emitting diodes ( LEDs ) have 
emerged as .in important class of source for white 
light. In 199'7, the first white light emitting diodes be- 
came commel-cdly a ~ - a i l a b l e - ~ ' ~ ~  . There are several 
ways to gain ,\-bite light. One is the combination of a 

. .  

blue LED with a yellow phosphor, blending the blue 
light from the LED and yellow light from the phosphor 
results in white light. Its lighting efficiency is pretty 
good in the low current condition, but the color ren- 
dering is poor, because it only contains blue and yel- 
low and other colors are excluded13'. Another is the 
UVhiolet light from LED exciting the tri-color phos- 
phors to give white light. However, the phosphors that 
can  be effectively excited by blue and NUV ( n e a r  ul- 
traviolet) light are  deficient"-"'. From then o n ,  ex- 
ploiting phosphors, which can he excited by blue light 
and near UV light emitted from LED,  has become a 
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very active and interesting research subject. Host can- 
didates, such as molybdates and tungstates , attract 
much attention because of some special properties of 
Moo4’- and W0:- group, Neeraj S et a1 . [6j have re- 

ported the red phosphors NaM ( WO, ) 2 -  ( MOO, ), : 
E u ” ( M  = Gd, Y ,  Bi) and Wang Jiaguo et al.‘t’i 
have reported the red phosphors Ca, -2r  Eu,Li,Mo04. 
Metal Mo can fonn different valence of Mo ions with 
the different preparation methods. In 198 1 , Jaganatha 
Gopalakrishnan et a1 . ‘12 ’ reported hydrogen reduction 
of I,n2Mo3OI2 to Ln2M0309. To our best knowledge, 
there is no report on the spectroscopic properties of 
Eu’ + doped Ln2Mo3O9. 

In this letter, ELI’+ activated Gd2M0309 was pre- 
pared with solid-state reaction procedures in which 
Na2C03 was introduced as a flux reagent. Various ex- 
perimental factors affecting the luminescence property 
of Gd,Mo309 : Eu were investigated. 

1 Experimental 
Phosphors were synthesized through the solid- 

state reaction technique. According to a certain stoi- 
chiometric ratio, the starting materials : gadolinium ox- 
ide ( Gd,O,, 99 .99% ) , europium oxide ( Eu203, 
99 .99% ) and molybdenum oxide ( MoOJ , 99.999’0 ) 
were weighted. NaC03 with purity of 9 9 . 9 %  was used 
as flux to improve the chemical reaction. After these 
powders were blended and grounded thoroughly in an 
agate rnortar , the homogeneous mixture was obtained. 
The mixture was put into an alumina crucible and cal- 
cined in a muffle furnace at 600 - 1000 “c for 4 h , 
then the desirable samples were obtained. 

The crystal structure of these phosphors was iden- 
tified with a RigakuD/max-11 B X-ray diffractometer 
(XRD) using Cu Koc ( A  = 1.54178 nm) radiation at 
40 kV and 100 mA. The excitation and fluorescence 
spectra of these powder phosphors were recorded on a 
Hitachi F-4500 using Xe lamp as excitation source. All 
the measurements were performed at room temperature . 

2 Results and Discussion 

2.1 Crystal structure 
For the solid-state reaction, flux is often used to 

lower the sintering temperature, shorten the reaction 
time and improve the crystallization. Fig. 1 shows the 
XRD patterns of the sample prepared with different 
amount of Na2C03. Obviously, the XRD pattern of the 
sample prepared with no flux is different from that of 
the samples prepared with Na2C03 as flux reagent. 
Compared with the JCPDS card, it is known that sam- 

ple with no flux is oc-Gd2 ( MOO,) (JCPDS card 25- 
0338) and the XRD patterns of the samples prepared 
with Na2C03 agree well with GtlzMo3O9 structure (JCP- 
DS card 33-0548). Gd2M0309 phosphor belongs to a 
tetragonal system with space group 14 / a .  The inten- 
sity of XRD peaks of sample with 3% Na2C03 are 
higher than that of sample with 7% Ka2C03, indicat- 
ing that 3% Na2C03 as flux reagent is suitable. 

2.2 Excitation and emission spectra 
The excitation spectrum for monitoring 5D0 +’F2 

emission of Eu3+ can be divided into two regions ( a s  
shown in Fig. 2 )  : the broad excitation hand extending 
up to 350 nm is attributable to the charge transfer tran- 
sition of Eu - 0 and Mo - 0 group, and the narrow 
peaks located at wavelengths longer than 350 nm can 
be assigned to the f-f transitions of EuJt . The f-f tran- 
sitions of Eu3+ in excitation spectrum include sharp 
lines 7Fo+5L6(E~3+ ) at 39.5 nm, 7Fo+5D2(E~3’) at 
465 nm, and ’FO+’DI ( Eu3+ ) at 535 nm ; their inten- 
sities are comparable to the broad C - T band ( i n  
F ig .3) .  For the usual Eu3+ doped phosphors the in- 
tensity of charge transfer band is much more stronger 
than that o f f  - f transitions in the excitation spectrum. 
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Fig. 1 XRD patterns of samples prepared at temperature of 
800 “c with different amount of Na2C03 
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Fig.2 Emission (dot line) and excitation (solid line) spectra 
for Gd, sMo309 :Eui; phosphor 



Zhuo X X et ( : I .  Photoluminescence Characteristics of Gd,Mo30y: Eu Phosphor Pnrlicles 

This abnormal phenomena was also observed ~~ in NaM 
( I ~ 0 , ) ~ ~ ~ ( ~ o ~ ~ ) , : ~ u 3 + ( M  = Gd. Y, B i ) ’ 6 ~  and Ag- 
L n M e 0 8 - 1 3 -  . ”robably, this is due to the nature of 
q-0,’- and Mi,O,’- groups. 

The emisiion spectrum of Gdl.8M0309 : Eui’x ex- 
cited upon 283 nm is shown in Fig. 2 ,  composed of 
groups of several sharp lines, which belong to the in- 
trinsic emissiori of trivalent Eu ion. The weak emission 
in the vicinitv of 590 nm is ascribed to the Eu3+ mag- 
netic dipole tr.insition ‘D0+’F1, which is insensitive to 
the site symrietl?;. The main emission line around 
613 nm is assigned to the Eu3+ electric dipole transi- 
tion of 5 D 0 4 i F 2 ,  which is sensitive to the site symme- 
try. The domain emission peak at 613 nm indicates 
that the Eu” is located at the site lack of inversion 
symmetc- breaking the parity- selection rules. The 
emission spectra excited upon 395 and 465 nm (not 
shown here) liave the same profile as that excited upon 
280 nm . Obi iously , this phosphor can be excited up- 
on C - T battd and f-f transition from the excitation 
spectra and mission spectra. It is a good sign that 
this novel p iosphor can strongly absorb ultraviolet 
(395 nm) an11 visible blue light (465  nm) and trans- 
fer the excitstion energj- to the red radiation. The 
wavelengths ‘it 395 and 465 nm are nicely in agree- 
ment with tht, widely applied U\i or blue output wave- 
lengths of Gas-based LED chips. 

2.3 Effects of flux content and temperature 
on luminescence properties of sample 

The effe8:t of flux content on the integrated lumi- 
nescent intensity of phosphor Gd, .96M0309 : under 
NUV (395 n m  ) excitation illustrated in Fig. 3 .  With 
an increase id the flux dose, :he integrated intensities 
of the phosphor are improved gradually until Na2C03 
amount to 3 2 .  I’hen the flux amount is more than 
3 52 , the intensity- of the phosphor decreases. This fact 
implies an itientical conclusion from the XRD patterns 
(Fig.  1 ) that 3 52 flux could result in the best crystalli- 
zation. So fl 11 amount of 3% is a better choice to sy-n- 
thesis this pliosphor . 

Sintering temperature is an important factor af- 
fecting the liiminescent properties of phosphors. Fig. 4 
shows the el iission spectra of the Gd,,y6M030y : Euo 
prc:part=d H I  diffrrerit Leniprratures cxcitcd upon 
395 nm. The emission intensity of phosphor increases 
with an incr,:ase of preparation temperature below 800 
“c , and it i:. inverse ahove 800 T . It indicates that if 
the tempera iirc is lower than 800 T,  the reaction 
tends to form Gd,Mo309 , while the temperature is 
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higher than 800 T and other compounds differrnt 
from Gd2M0309 crystal structure may grow. ‘I’he i n t w -  

sity of PI, emission in Gd, ,96M0300 : Euo,04 powlers pre- 
pared at 800 “c was stronger than those of other tem- 
peratures, thus 800 “c is the optimized temperature to 
prepare Gd, 96M0309 : Euo.04 phosphor. 

2.4 Comparison with Y,O,S:Eu red phosphor 

Y,02S: Eu is a well-known red photo-hitninrsc-ent 
and cathodo-luminescent phosphor. It is witlely ap- 
pliee in cathode-ray tube due to its high lun~inous effi- 
ciency and better color satusation. At present. tliis 
phosphor was become a candidate red light niatt+als 
for solid-state lighting application. The excitation 
spectra of Y20,S : ELI and Gd,Mo,O, : Eu are shown in 
Fig. 5 ( left pt”r~) . Ot)viously-, ~ h c  cxc+ation .spwtniirr 
in Gd2M0309 : ELI shnws a broad absorption band rx- 
tending 350 nm and Y20LS:  Eu shows a broad band 
extending 390 nm. The excitation intensity of Y202S 1 

Eu is rriuch higher than Gd2M0309 : Eu in the  range 
from 200 to 380 nm, but the f-f transitiuns (395, 4 5  
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Fig. 5 Excitation spectra of Y202S : Eu (curve ( 1 ) ) and 
Gd2M030g : Eu (curve (2) ) , and emission spectra un- 
der 395 nm UV excitation (curve (3 )  for Y,O,S : Eu 
and curve (4) for Gd2M0309 : Eu)  

and 535 nm) of Gd2M0309:Eu are stronger than those 
of Y,O,S :Eu . 

Compared with the conventional phosphors Y202S : 
Eu3+ , as-synthesized phosphor exhibits a higher emis- 
sion intensity when excited upon blue (465  nm)  and 
UV ( 395 nm ) light. The integrated intensity for 'Do 
+7F,,, transition of Eu3+ is twice higher than that of 
Y,O,S : Eu3+ under 395 nm excitation (see right part of 
Fig. 5 )  . 

3 Conclusion 
Eu3 + -doped Gd2M0309 was successfully devel- 

oped through solid-state reaction with Na2C03 as flux 
reagent. It was found that this phosphor could be ef- 
fectively excited upon C - T band (280  nm) and ultra- 
violet light 395 nm and blue light 465 nm (f-f transi- 
tion) and emited red light (613 nm)  with line spec- 
trum. The wavelengths at 395 and 465 nm were nicely 
fitting in with the widely applied output wavelengths of 
ultraviolet or blue LED chips. Appropriate amount of 
flux could enhance the luminescence intensity and im- 
pro1 e crystallization. The result showed that the opti- 
mized flux content was 3% . The emission intensity of 
the sample prepared at 800 "c was stronger than those 
of other temperatures, indicating that 800 T was the 
optimized temperature to prepare Gd,Mo30, : Eu phos- 
phor. Compared with the commercial phosphor 
Y 203S : Eu3 + , the luminescent intensity of as-prepared 
phosphor Gd2M0309 : Eu was twice higher under 395 
nm excitation. This novel phosphor may be a promis- 
ing candidate for the white light emitting diodes in 
practical applications. 
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