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Abstract

A series of red-emitting Eu3þ -doped phosphors SrLa2Mg2W2O12 were successfully prepared by the solid state reaction and their

luminescence properties were investigated in detail. Under 464 nm light excitation, the emission intensity at 613 nm increased with the

Eu3þ ion concentration rising, and the quenching effect did not appear until the Eu3þ ion concentration reached 25%, and the critical

distance was calculated to be 7.74 Å. The emission intensity of Sr(La0.75Eu0.25)2Mg2W2O12 is approximately three times higher than that

of the commercial red phosphor Y2O3:Eu
3þ under the blue light, meanwhile, the quantum efficiency of Sr(La0.75Eu0.25)2Mg2W2O12 is

about two times higher than that of Y2O3:Eu
3þ . The Commission Internationale de l0Eclairage chromaticity coordinate of

Sr(La0.75Eu0.25)2Mg2W2O12 is (x¼0.660, y¼0.340), which is closed to the standard of NTSC (x¼0.670, y¼0.330). The results indicate

that Sr(La1�xEux)2Mg2W2O12 could be a potential red phosphor in fabrication of blue chips WLEDs.

& 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

White light emitting diodes (WLEDs) are an important
light source with high efficiency, low power consumption,
widespread applicability, extremely high durability and a
long working life [1–4]. With an increasing concern for
energy crisis and environment pollution, WLEDs have
attracted substantial attention of researchers and significant
progress has been made in relevant studies [4–7]. In con-
sideration of the cost and complexity of the system,
phosphor-converted WLEDs, which combine blue chips with
yellow phosphors like YAG:Ce, are the most widely used
commercialized solution [8]. However, this kind of WLEDs
suffer from poor Commission Internationale de l0Eclairage
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(CIE) chromaticity coordinates and high color temperature
because of the shortage of red light content [1,9]. Conse-
quently, the low color render index value (Ra) limits WLEDs’
applications when precise white light is required such as
indoor illumination and screen display [10]. To warm the
white light and improve the color render index, it is a
promising strategy to combine red/green phosphors with
blue chips, avoiding degradation of packaging materials
aroused by UV light in UV-based LED [11–13]. At present,
commercial red phosphors are mainly sulfides and nitrides.
However, sulfides have a poor stability [14,15], whereas
nitrides are usually very difficult to synthesize [13,16]. Thus,
the development of stable oxide-based red phosphors is an
urgent and important issue.
Tungstate complexes are self-activating phosphors with high

stability and refractive index, which endow them to maintain
efficient energy transfer from the host matrix to the localized
states of the doping ions [17,18]. Previously, SrLa2Mg2W2O12

was reported to have an orthorhombic perovskite structure
with a base-centered lattice and the lattice parameters of
ll rights reserved.
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Fig. 1. XRD patterns of Sr(La1�xEux)2Mg2W2O12 (x¼0, 0.10, 0.25, and

0.30) in the left side, and enlarged XRD patterns from 561 to 591 in the

right side. Peaks caused by SrWO4 are marked with ‘*’ and the crystal

indices are marked out together.

S. Long et al. / Ceramics International 39 (2013) 6013–60176014
a=7.841 Å, b=7.858 Å, and c=7.893 Å [19]. However, there
are few reports about its applications and its rare earth ions
doped derivatives as phosphors. Therefore, in the present
study, we synthesized Sr(La1�xEux)2Mg2W2O12 via the high
temperature solid state reaction, and their luminescence
properties were investigated in detail. The results show that
Sr(La1�xEux)2Mg2W2O12 could be a promising red phosphor
applied in WLEDs.

2. Materials and methods

2.1. Sample preparation

Powder samples of Sr(La1�xEux)2Mg2W2O12 were
prepared by the high temperature solid state reaction.
Raw materials included SrCO3 (A.R.), WO3 (A.R.),
(MgCO3)4 �Mg(OH)2 � 5H2O (A.R.), and La2O3 (99.99%)
were purchased from Sinopharm Chemical Reagent Co.,
Ltd. and Eu2O3 (99.99%) was purchased from Yixing
Xinwei Group Co., Ltd. The stoichiometric amounts of the
untreated reagents were weighed, mixed, and ground in an
agate mortar with the help of acetone. Then, the mixture
was transferred into the corundum crucible and calcined at
1450 1C for 24 h for complete reaction. Finally, the
samples were cooled to room temperature by furnace
cooling and grounded to powder for characterizations.

2.2. Characterization

To evaluate the purity and crystallinity of the samples,
X-ray diffraction (XRD) was carried out using a Bruker
D8 Focus Diffractometer with Cu Ka radiation at a
scanning speed of 61/min with the range of 10–801.
Samples’ photoluminescence excitation (PLE) and photo-
luminescence emission (PL) spectra were measured by
Horiba Jobin Yvon Fluoromax-4 Spectrofluorometer.
Commission Internationale de l0Eclairage (CIE) chromati-
city coordinates and photoluminescence quantum effi-
ciency were measured by the integrating sphere (F-3018)
attached to the spectrofluorometer. The UV–vis diffuse
reflectance spectra (DRS) were measured using a Hitachi
U-3010 Spectrophotometer.

3. Results and discussions

3.1. X-ray diffraction

The powder X-ray diffraction (XRD) patterns of
Sr(La1�xEux)2Mg2W2O12 (x¼0, 0.10, 0.25, and 0.30) are
shown in Fig. 1. For pure SrLa2Mg2W2O12, there is only
one reported phase [19]. As shown in Fig. 1, when Eu3þ

content is lower than 0.25, all XRD patterns can be
indexed to orthorhombic perovskite SrLa2Mg2W2O12

(JCPDS#35-0259) and no impurities appear, indicating
that Eu3þ has been successfully doped into the host crystal
lattice. Diffraction peaks shift slightly to the higher angle
with the increase of Eu3þ content (e.g. the enlarged XRD
patterns ranging from 561 to 591 are shown in the right
part of Fig. 1), which can be attributed to the replacement
of the larger La3þ by relatively smaller Eu3þ , inducing a
compacter lattice configuration. However, peaks belonging
to SrWO4 are observed with Eu3þ contentZ0.30, imply-
ing the occurrence of solubility saturation.

3.2. UV–vis DRS

The absorption spectra as well as the photoluminescence
excitation (PLE) spectra of Sr(La0.75Eu0.25)2Mg2W2O12 are
shown in Fig. 2. In the PLE spectra, the peaks center at
395 nm, 464 nm and 533 nm are dominant, which can be
attributed to Eu3þ ions 4f transitions 7F0–

5L6,
7F0–

5D2

and 7F0–
5D1 respectively. And those peaks have corre-

sponding peaks in the absorption spectra demonstrated the
close combination and cross-validation of the two para-
meters. In the absorption spectra, the peak at 395 nm is
submerged into the absorption edge. All spectra shown in
Fig. 2b have a large absorption edge between 300 nm and
400 nm, originating from the energy gap between the
valance band and the empty conduction band. For pure
SrLa2Mg2W2O12, the absorption edge is about 340 nm,
indicating that the band gap is about 3.6 eV. With
increased Eu3þ dopants, the absorption edge exhibits red
shifts because of the overlap of Eu3þ–O2� charge transfer
band absorption and band gap absorption. Meanwhile, the
absorption peaks at 464 nm and 533 nm, caused by the 4f
transitions of Eu3þ ions, become more obvious, as the
electron jump in Eu3þ increases the absorption of photon.

3.3. Luminescence properties

Luminescence properties of series of Sr(La1�xEux)2
Mg2W2O12 are characterized in Fig. 3. The broad band



Fig. 2. (a) Absorption spectra and photoluminescence excitation spectra (with the monitoring wavelength of 613 nm) of Sr(La0.75Eu0.25)2Mg2W2O12; and

(b) absorption spectra of Sr(La1�xEux)2Mg2W2O12 (x¼0, 0.05, 0.10, 0.20, 0.25, and 0.30).

Fig. 3. (a) Photoluminescence excitation spectra (lem¼613 nm) of Sr(La1�xEux)2Mg2W2O12 (x¼0.05, 0.10, 0.20, 0.25, and 0.30); and (b)

photoluminescence emission spectra of Sr(La1�xEux)2Mg2W2O12 (x¼0.05, 0.10, 0.20, 0.25, and 0.30) (lex¼464 nm) and Y2O3:Eu
3þ (lex¼466 nm),

and the plot of the intensity from 5D0–
7F2 versus Eu

3þ doping concentration for Sr(La1�xEux)2Mg2W2O12 in the inset diagram.
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below 350 nm is attributed to the charge transfer (CT)
transition between metal cations and oxygen anions [20,21].
The spectrum above 350 nm shows several sharp peaks, and
all of them are attributed to the Eu3þ ions’ characteristic
4f–4f transitions 7F0–

5D4,
7F0–

5L6,
7F0–

5D3,
7F0–

5D2 and
7F0–

5D1, respectively. The intensity of the highest peak
observed at 464 nm is about 13.77 times stronger than that
of the peak caused by CTB (charge transfer band), indicat-
ing that there is a weak non-radioactive absorption and high
energy conversion. Peaks at 578 nm, 589 nm, 613 nm,
650 nm and 691 nm in emission spectra can be ascribed
to 5D0–

7FJ (J=0–4) transitions of Eu3þ ions from short to
long wavelengths. The emission intensity induced by the
5D0–

7F2 of Eu3þ ions versus different Eu3þ doping con-
centrations are shown as the inset diagram in Fig. 3b. The
highest intensity comes at x¼0.25 and the intensity at
613 nm excited by 464 nm blue light is about three times
higher than that of the commercial red phosphor
Y2O3:Eu

3þ at 615 nm (under 466 nm excitation).
As shown in Fig. 3b, under 464 nm blue light excitation,

the emission intensity at 613 nm increases with Eu3þ
doping concentration until the quenching effect appears
at x¼0.25. The intensity decreases sharply when Eu3þ

ions concentration exceeds 0.25. Generally, the increase of
active center (Eu3þ ions) helps the energy transfer as well
as shortens the distance changes cross relaxation between
neighboring Eu3þ defects, which lead to non-radioactive
recombination and decrease the efficiency [22]. Hence there
exists a balance point where emission intensity has a
summit, which we call as the concentration quenching
effect. The critical distance (Rc) is used to characterize the
distance of Eu3þ ions when quenching effect appears. It
can be calculated from samples’ crystal structure para-
meters by the equation RcE2(3V/4pxN)1/3 [23–25], where
the volume of unit cell (V), critical concentration (x) and
the number of total La3þ per unit cell (N) are needed. For
SrLa2Mg2W2O12, V=486.3 Å3, N=8, and x=0.25, so the
calculated critical distance is about 7.74 Å, which is larger
than 5 Å, indicating that the migration is hampered and
the exchange interaction becomes ineffective [26]. There-
fore, the high concentration quenching effect is possible in
the SrLa2Mg2W2O12:xEu

3þ system.



Fig. 4. The 1931 CIE chromaticity diagram of emission spectra excited by

464 nm blue light of Sr(La0.75Eu0.25)2Mg2W2O12; and the inset diagram

shows the image of Sr(La0.75Eu0.25)2Mg2W2O12 under 365 nm UV.
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3.4. Quantum efficiencies and CIE chromaticity coordinates

To accurately investigate the luminescence properties
of phosphors, the quantum efficiencies of Sr(La0.75Eu0.25)2
Mg2W2O12 was calculated using the method described by
de Mello et al. [27] and Pålsson et al. [28], with commercial
Y2O3:Eu

3þ as reference sample. In general, this method
calculates the quantum efficiency (Ff) by measuring the
integrated luminescence of the sample caused by direct
excitation (Ec), the integrated luminescence from an empty
integrating sphere (Ea), the integrated excitation profile
from an empty integrating sphere (La), and the integrated
excitation profile when the sample is directly excited by
the incident beam (Lc). It also uses the equation
Ff¼Nem/Nabs¼ (Ec�Ea)/(La�Lc), where Nem and Nabs

represent the emitted and absorbed photons of the
samples respectively [29]. The quantum efficiencies of
Sr(La0.75Eu0.25)2Mg2W2O12 and Y2O3:Eu

3þ are listed in
Table 1. When excited by 464 nm blue light, the
Sr(La0.75Eu0.25)2Mg2W2O12 shows a quantum efficiency
of 27.1%, which is twice higher than the commercial
phosphor (12.2%, excited by 466 nm blue light), indicating
a good energy absorption and conversion property. The
quantum efficiency of Sr(La0.75Eu0.25)2Mg2W2O12 is higher
when excited by blue light (464 nm), while slightly lower
when excited by near-UV light (394 nm), which is consis-
tent with the result shown in Table 1. Hence, it indicates
that Sr(La0.75Eu0.25)2Mg2W2O12 is more suitable for blue
chips applications.

Fig. 4 shows the CIE chromaticity coordinate of
Sr(La0.75Eu0.25)2Mg2W2O12, yielding x¼0.660, y¼0.340,
which is close to the standard of NTSC (x¼0.670,
y¼0.330). The inset diagram at the top-right corner shows
the Sr(La0.75Eu0.25)2Mg2W2O12 powder photographed in
the 365 nm Ultra-violet on a quartz slide in the dark room.
4. Conclusions

In this study, Sr(La1�xEux)2Mg2W2O12 phosphors were
successfully synthesized using the high temperature solid
state reaction method, and their luminescence properties
were studied and discussed in detail. Eu3þ -doped
SrLa2Mg2W2O12 phosphors show excellent red lumines-
cent emission properties when excited by both blue and
Table 1

Quantum efficiencies of Sr(La0.75Eu0.25)2Mg2W2O12 and Y2O3:Eu
3þ at

different exciting wavelengths.

Samples Exciting wavelength

(nm)

Quantum efficiency

(%)

Sr(La0.75Eu0.25)2Mg2W2O12 464 27.1

395 8.8

Y2O3:Eu
3þ 466 12.2

394 9.6
near-UV light. The Sr(La0.75Eu0.25)2Mg2W2O12 has the
strongest emission peak at 613 nm (excited by 464 nm
light), which is about three times that of the commercial
red phosphor Y2O3:Eu

3þ at 615 nm (excited by 466 nm
light). Meanwhile, in this condition, its quantum efficiency
is 27.1%, 2.22 times higher than Y2O3:Eu

3þ . The calcu-
lated CIE chromaticity coordinate (0.660, 0.340) shows
high color purity. All the results show that
Sr(La1�xEux)2Mg2W2O12 is a promising high performance
red emitting phosphor for WLEDs application.
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