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KEYWORDSABSTRACT

Red phosphors NaLa
0.95

Eu
0.05

(MoO
4
)

2
 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 tetragonal scheelite-structure. The
excitation spectrum of NaLa

0.95
Eu

0.05
(MoO

4
)

2 
is composed of two major parts:

one is the broad band between 200 and 350 nm, which belongs to 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 Eu3+. The main
emission peak is at 616 nm, which is ascribed to the transition of 5D

0
7F

2
 of

Eu3 +. Moreover, the luminescent intensity of NaLa
0.95

Eu
0.05

(MoO
4
)

2
 can be

greatly enhanced with incorporation of PO
4

3- and charge compensator Li+.
 2014 Trade Science Inc. - INDIA

INTRODUCTION

White light-emitting diodes (w-LEDs) can offer a
lot of benefits in terms of higher efficiency, longer life-
time, lower power consumption and environmental pro-
tection[1,2]. In recent years, blue-, green- and red tri-
color phosphors are used and combined with a NUV
InGaN chip (350�410 nm) to generate white light in

order to solve the problem of low color-rendering in-
dex for yellow-blue combination. Therefore, these phos-
phors excited effectively by NUV-LED chips attract
extensive attentions[3].

Recently, rare earth ions doped molybdate as a kind
of new w-LEDs phosphors has been widely applied in
the field of luminescent materials[4-6]. Especially, double
molybdates with scheelite-like structure show excellent
thermal and hydrolytic stabilityÿand are regarded as
promising host materials for phosphors[7-9]. To date, rare
earth ions doped double molybdate phosphors have
been prepared by different routes. Wang et al[10] syn-
thesized a series of Eu3+-doped double molybdate red
phosphors NaLn

1-x
Eu

x
(MoO

4
)

2
, AEu(MoO

4
)

2
 (Ln=La,

Gd and Y, A=Li, Na and K) and A
0.5

A�
0.5

Eu(MoO
4
)

2

(A, A�=Li, Na and K) by traditional solid state reaction
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method, and studied the relationship between the struc-
tures and the photo-luminescent properties of the phos-
phors. Zhou et al[11] prepared LiY

1-x
Eu

x
(MoO

4
)

2
 red-

emitting phosphors by sol-gel process and investigated
the effect of Eu3+ concentration, annealing temperature
and the molar ratio of citric acid to the total metal cat-
ions on the fluorescent properties of as-synthesized
samples. Wang et al[12] synthesized NaEu(MoO

4
)

2

phosphors by the combustion method, and compared
the photo-luminescent of samples with that prepared
by the solid state reaction. However, the enhancement
of luminescent intensity of rare earth double molybdates
by doping negative ions has been rarely studied.

In the present work, double molybdate red phos-
phors NaLa

0.95
Eu

0.05
(MoO

4
)

2
 have been prepared by

sol-gel method assisted by microwave. Gelling and dry-
ing time were shortened greatly by microwave radia-
tion. As-synthesized red phosphors can be excited ef-
fectively by UV, NUV and blue light, showing good
prospect for red phosphors of white LED. The influ-
ence of doping negative ions PO

4
3- into the

NaLa
0.95

Eu
0.05

(MoO
4
)

2
 phosphors on the structure and

luminescent properties of NaLa
0.95

Eu
0.05

(MoO
4
)

2
 were

studied. Meanwhile, Li+ was introduced as charge com-
pensator in order to enhance luminescent intensity.

EXPERIMENTAL

NaLa
0.95

Eu
0.05

(MoO
4
)

2
 phosphor was synthesized

by sol-gel method assisted by microwave. Firstly,
Eu

2
O

3
(99.99%) and La

2
O

3
(99.99%) were dissolved

respectively in appropriate HNO
3
(A.R.) to prepare

Eu(NO
3
)

3
 and La(NO

3
)

3
 solution, then the accurate

concentrations were determined by EDTA complexing
titration to ensure a desired stoichimetry. According to
the stoichiometric ratio of target product, NaNO

3
(A.R.),

(NH
4
)

6
Mo

7
O

24
·4H

2
O(A.R.), citric acid(A.R.),

Eu(NO
3
)

3
 solution, La(NO

3
)

3
 solution and appropriate

amount of distilled water were added into a 100 ml
ceramic crucible. Then, the mixture was stirred to make
the materials dissolve completely. Subsequently, a small
amount of aqueous ammonia was added to adjust the
pH value of the solution to 2~3. Next, the resulting so-
lution was treated by ultrasonic wave for 5 min to make
raw materials mix uniformly. Then the mixture was put
into a WG700SL2011-KG microwave oven, and

heated under the power of middle-high fire for 6.5 min
to evaporate superfluous water fast, and form a trans-
parent gel. Then the gel was dried in a drying oven at
90 °C. After drying, the dry white loose and porous
sample (which was called the precursor) was obtained.
Finally, the precursor was ground into fine particles,
and calcined in muffle furnace at 800 °C for 3 h to
obtain the goal product.

The preparation procedure of
NaLa

0.95
Eu

0.05
(MoO

4
)

2-x
(PO

4
)

x
Li

 x 
are similar to above

process. PO
4
3- is from (NH

4
)

3
PO

4
·3H

2
O(A.R.), and

Li+ is supplied by LiNO
3
, which is obtained by the re-

action of Li
2
CO

3
(A.R.) and HNO

3
.

Phase structure and crystallization of synthesized
samples were characterized by X-ray diffraction analy-
sis (XRD) with a Y2000 diffractometer using Cu-Ká
radiation source (30 kV × 20 mA, ë=0.154178 nm).

The excitation and emission spectra of the samples were
recorded on an F-380 fluorescence spectrophotom-
eter. All measurements were performed at room tem-
perature.

RESULTS AND DISCUSSIONS

XRD analysis

Figure 1 shows the XRD patterns of the as-synthe-
sized samples. It can be seen that all of the peaks can
be indexed to the NaLa(MoO

4
)

2
 nearly, which agrees

well with the JCPDS card (No.24-1103). According
to that, the samples are all pure tetragonal phase
NaLa(MoO

4
)

2
 with space group I4

1
/a. In these pat-

terns, the peaks of the reactants cannot be found, which
proves that Eu3+, PO

4
3- and Li+ ions have entered into

the crystal lattice and have little effect on the crystal struc-
ture of the host NaLa(MoO

4
)

2
. It can be found that all

the diffraction peaks shift toward the high angle side.
This can be explained by the Bragg equation, ë=2dsinè

(d is the distance between two crystalplanes, è is the

diffraction angle of an observed peak, and ë is the X-

ray wavelength). Since the radii of Eu3+ (0.106 nm) is
smaller than that of La3+ (0.116 nm), and the radii of P5+

(0.17 nm) is smaller than that of Mo6+ (0.41 nm)[13].
When the La3+ and MoO

4
2- ions in NaLa(MoO

4
)

2
 host

lattice are partially substituted by Eu3+ and PO
4
3- ions

respectively, the crystal lattice constants as well as d-
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Effect of co-doped PO4
3- ions on the luminescent

properties of NaLa0.95Eu0.05(MoO4)2

Figure 2 shows the excitation spectra of
NaLa

0.95
Eu

0.05
(MoO

4
)

2-x
(PO

4
)

x
 with different concen-

tration (x) of PO
4
3-. It can be seen that all the excitation

spectra are composed of a broad band and a series of
sharp lines. The broad band in the range 200 nm~350
nm can be ascribed to the charge transfer band (CTB)
of Mo-O and Eu-O, and the main peak is at 301 nm.
The sharp lines between 350 nm and 500 nm are due
to intra-configuration 4f-4f transition of Eu3+ in the host
lattice. Among them, the peaks at 395 nm (7F

0
-5L

6
)

and 464 nm (7F
0
-5D

2
) are stronger than others[14,15].

Therefore, the phosphors can be excited by UV (301

nm), NUV (395 nm), and blue light (464 nm) very well.
So, it can match well with UV-, NUV- and Blue-LED,
showing a great potential for practical applications.
Moreover, it can be found that the CTB shift toward
the long wavelength side along with the doping of PO

4
3-.

The possible reason is as follows. The radii of P is
smaller than that of Mo, and the electronegativity of P
(2.19) is stronger than that of Mo (2.16), so doping
negative ions PO

4
3- leads to the bond length of Mo-O

being shortened. As a result, it requires less energy to
transfer an electron from an O2- to Mo6+, resulting in
the CTB shift towards lower energy, i.e., the long wave-
length side.

The emission spectra (in Figure 3) show that the
PO

4
3- concentration (x) has little effect on the shape

spacing decrease (shown in TABLE 1), hence, the diffraction angles shift to the higher angle side.

Figure 1 : XRD patterns of samples

TABLE 1 : The calculated lattice parameters of samples

 a(Å) c(Å) Cell volume (Å3) 

NaLa(MoO4)2 (JCPDS No.24-1103) 5.343 11.743 335.240 

NaLa0.95Eu0.05(MoO4)2 5.333 11.718 333.320 

NaLa0.95Eu0.05(MoO4)1.98(PO4)0.02 5.320 11.693 330.970 

NaLa0.95Eu0.05(MoO4)1.92(PO4)0.08 5.309 11.668 328.930 

NaLa0.95Eu0.05(MoO4)1.98(PO4)0.02Li0.02 5.308 11.658 328.480 

NaLa0.95Eu0.05(MoO4)1.92(PO4)0.08Li0.08 5.304 11.654 327.870 
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and position of emission peaks. All the emission spec-
tra are mainly composed of two strong emission peaks.
The emission peak at 616 nm is ascribed to the elec-
tric dipole transition from 5D

0
 to 7F

2
 of Eu3+, while the

emission peak near 592 nm is assigned to the mag-
netic dipole transition from 5D

0
 to 7F

1
 of Eu3+[16,17].

The PO
4

3- concentration (x) has great effect on the
intensity of emission peaks. When PO

4
3- doping con-

centration x<0.04, the emission intensity at 616 nm
increases with the increase of x; the emission intensity
is up to the strongest when x=0.04, which is about
1.3 times of the un-doped sample; if x>0.04, the emis-

sion intensity begins to decrease. The reason may be
that the electronegativity of P is stronger than that of
Mo. The incorporation of PO

4
3- leads to the enhance-

ment of covalent degree of Mo6+-O2- bond. There-
fore, the energy stored in MoO

4
2- is decreased, while

the energy transferred to Eu3+ from MoO
4

2- is en-
hanced, and then the fluorescence intensity of the
sample is enhanced. However, when exceeding the
optimum concentration, superfluous PO

4
3- ions may

cause oversize distortion of the lattice, and then lead
to fluorescence quenching. Thus, the optimum con-
centration of PO

4
3- x=0.04.

Figure 2 : Excitation spectra of NaLa
0.95

Eu
0.05

(MoO
4
)

2-x
(PO

4
)

x
 samples

Figure 3 : Emission spectra of NaLa
0.95

Eu
0.05

(MoO
4
)

2-x
(PO

4
)

x
 samples
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Effect of charge compensation agent on the lumi-
nescent properties of NaLa0.95Eu0.05(MoO4)2-

x(PO4)x

In NaLa
0.95

Eu
0.05

(MoO
4
)

2-x
(PO

4
)

x
 phosphors,

MoO
4
2- ions are substituted partially by PO

4
3- ions. An

extra negative charge will be formed because of the
unbalanced charge between PO

4
3- and MoO

4
2-, there-

fore, appropriate charge compensation is needed to
keep charge balance[18].

In our present work, Li+ was introduced as the
charge compensator. The emission spectra of
NaLa

0.95
Eu

0.05
(MoO

4
)

2-x
(PO

4
)

x
Li

x
 are shown in Fig-

ure 4. It can be known that doping small amount Li+

has little effect on the shape and position of emission
peaks, but has obvious effect on the intensity. Com-
pared with Figure 3, under the same concentration
of PO

4
3-, the luminescence intensity of samples doped

with Li+ is all enhanced, and the emission intensity is
up to the strongest when x=0.04. The possible rea-
son for above result is as follows. The incorporation
of appropriate charge compensator Li+ ions makes
the charge keep balance, and meantime cause the
distortion of the crystal lattice, improving the prob-
ability of transition emission of Eu3+, and then en-
hancing the emission intensity of NaLa

0.95
Eu

0.05

(MoO
4
)

2-x
(PO

4
)

x
 phosphor.

Figure 4 : Emission spectra of NaLa
0.95

Eu
0.05

(MoO
4
)

2-x
(PO

4
)

x
Li

x
 samples

CONCLUSION

In this work, red-emitting phosphor
NaLa

0.95
Eu

0.05
(MoO

4
)

2
 with tetragonal scheelite-struc-

ture was successfully synthesized by sol-gel method
assisted by microwave. This method has many advan-
tages of short gelling and drying time, low calcination
temperature, energy saving, easy operation, uniform
composition, and so on. The phosphor can be excited
effectively by UV-, NUV- and Blue-emitting LED chip
due to their broad excitation band extending from 250
nm to 500nm. Therefore, NaLa

0.95
Eu

0.05
(MoO

4
)

2

shows good prospect for red phosphors of white LED.
The emission intensity of NaLa

0.95
Eu

0.05
(MoO

4
)

2
 is en-

hanced significantly by doping negative ions PO
4
3-, and

reach the maximum at the doping concentration x=0.04.
Moreover, Li+ was doped as the charge compensator,
and improved the luminescent intensity of
NaLa

0.95
Eu

0.05
(MoO

4
)

2-x
(PO

4
)

x
 samples.
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