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a b s t r a c t

Luminescence properties of the Sm3+, Dy3+ doped LaMoBO6 phosphors are reported. LaMoBO6:Sm3+

exhibits orange emission corresponding to the 4G5/2 → 6H7/2 transition. LaMoBO6:Dy3+ exhibits two emis-
sion bands. The yellow band (570 nm) corresponds to the 4F9/2 → 6H13/2 transition, and the blue one
ccepted 22 October 2010
vailable online 3 November 2010
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(482 nm) corresponds to the 4F9/2 → 6H15/2 transition. The optimum concentration of Sm3+ and Dy3+, the
critical distance of the concentration quenching, and the decay curves have also been investigated. The
analysis of the decay curves indicates that cross-relaxation is primarily responsible for the concentration
quenching.

© 2010 Elsevier B.V. All rights reserved.
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. Introduction

Luminescence materials are important for modern technology
ecause of their ability to convert electromagnetic radiation (i.e.,
V and IR light) into visible light [1]. Recently, the development
f rare earth (RE) ions activated novel luminescent materials have
ttracted more attention due to their potential applications in dif-
erent optical display systems [2–9]. Because the 4f electrons of RE
ons are shielded by the outer 5s and 5p electrons, the intra-4f emis-
ion spectra of RE ions are characterized by narrow lines with high
olor purity. The emission of Sm3+ is situated in the orange spectral
egion and consists of transitions from the excited 4G5/2 level to the
round state 6H5/2 and higher levels 6HJ (J > 5/2) [10–12]. The lumi-
escence lines of Dy3+ are in the 480 nm region (blue) due to the
F9/2 → 6H15/2 transition, and in the 570 nm region (yellow) due to
he 4F9/2 → 6H13/2 transition. The influence of the crystal structure
n the yellow intensity is greater than that on the blue intensity. As
he crystal structure is changed, the blue to yellow intensity ratio
B/Y) of Dy3+ emission will change [13]. The color of the lumines-
ence is close to white if a suitable ratio of B/Y obtained. Therefore,
y3+ doped materials may be potential two primary color phos-
hors [12,14,15].
Recently, molybdates and tungstates with scheelite structure
re considered as good host lattices under near-UV or blue exci-
ation due to their MoO4 tetrahedron and WO4 unit [16–20].
aMoBO6 belongs to monoclinic structure. The molybdenum atoms
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are trigonal bipyramidally coordinated by five oxygen atoms, form-
ing an infinite (MoO4)2− anionic chain by corner-sharing O atoms
down the b-axis [21]. Our former investigation on LaMoBO6:Eu3+

phosphor indicates that the Eu3+ site in this compound lacks inver-
sion symmetry [4]. Su et al. reported that when Dy3+ is located
at a site of high symmetry with an inverse center, Dy3+ displays
no luminescence, and the B/Y of Dy3+ located at a site devi-
ated from an inverse center is less than that of Dy3+ located at
a site without an inverse center [13]. To the best of our knowl-
edge, the luminescence properties of RE ions doped LaMoBO6
phosphors have not been reported widely. In this work the photo-
luminescence (PL) properties of Sm3+ and Dy3+ activated LaMoBO6
phosphors are presented as well as their concentration depen-
dence.

2. Experimental

La1−xSmxMoBO6 and La1−xDyxMoBO6 phosphors were prepared according to
standard solid-state technique. High-purity starting materials La2O3 (Aldrich,
99.9%), (NH4)6Mo7O24·4H2O (Aldrich, 99.9%), H3BO3 (Aldrich, 99.99%, 10 mol%
excess to compensate the evaporation in the heating processes), Sm2O3 (Aldrich,
99.99%) and Dy2O3 (Aldrich, 99.99%) were used. The well mixed materials were
annealed at 800 ◦C for 12 h in air with an intermediate grinding. The structural char-
acteristics of samples were examined from X-ray diffraction (XRD) using a Rigaku
D/max 2200 Diffractometer (Rigaku Corp., Tokyo, Japan) with Cu Ka radiation at
40 kV, 30 mA. The PL emission and excitation spectra were performed at room
temperature using Fluorolog-3 Fluorescence Spectrophotometer (Jobin Yvon Inc.,
France) with 450W Xenon lamps. The luminescence decays were measured by mon-

itoring the given emission from the samples under 355 nm pulsed laser excitation.
Decay profiles were recorded with a LeCroy 9301 digital storage oscilloscope (LeCroy
Corp., NY) in which the signal was fed from PMT. The photoluminescence quantum
yield was measured by a 4 Port 150 mm BaSO4 coated integrating sphere which fits
directly into the FSP920 (Edinburgh Instruments) sample chamber. FSP920 Time
Resolved and Steady State Fluorescence Spectrometers (Edinburgh Instruments)

dx.doi.org/10.1016/j.jallcom.2010.10.119
http://www.sciencedirect.com/science/journal/09258388
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Fig. 1. XRD patterns of La0.90MoBO6:0.10Sm3+ and La0.90MoBO6:0.10Dy3+ phos-
phors.
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Fig. 2. PL excitation and emission spectra of La0.99MoBO6:0.01Sm3+.

quipped with a 450 W Xe lamp, TM300 excitation monochromator and double
M300 emission monochromators and Red PMT.

. Results and discussion

.1. Structure characterization

The crystal structure of LaMoBO6 compound has been inves-
igated by means of single-crystal X-ray diffraction recently.
aMoBO6 crystallizes in monoclinic space group P21/c with
he lattice parameters: a = 10.2968(8), b = 4.1636(3), and
= 23.8587(15) Å [21]. The XRD patterns of La0.90Sm0.10MoBO6 and
a0.90Dy0.10MoBO6 phosphors are shown in Fig. 1(a) and (b). All
he diffraction peaks can be indexed to pure monoclinic structured
aMoBO6 (JCPDS card no. 37-1100) except for some impurity
hase detected in La0.90Dy0.10MoBO6 sample. Because the electric
harges of La3+, Sm3+, and Dy3+ are identical and the radii of
hem are close (rLa = 0.127 nm, rSm ≈ 0.113 nm, rDy ≈ 0.108 nm,
oordination number (CN) = 10) [22], the doped Sm3+, Dy3+ ions
an substitute the La3+ sites easily.
.2. Luminescence properties of LaMoBO6 doped with Sm3+

The PL excitation and emission spectra of La0.99Sm0.01MoBO6
re shown in Fig. 2. The excitation bands peaking at 363, 376, 404,
Wavelength (nm)

Fig. 3. Sm3+ concentration dependence on emission intensity of La1−xMoBO6:xSm3+

phosphors (�ex = 404 nm).

439 and 465 nm are assigned to the transitions of 6H5/2 → 6P5/2,
4L17/2, 4F7/2, 4I15/2 and 4I11/2, respectively [15]. The 6H5/2 → 4F7/2
transition is the strongest excitation band. In addition, no obvious
charge transfer (CT) band due to O2− → Sm3+ or host related absorp-
tion band are observed in Fig. 1(a) except the direct excitation
of Sm3+ ions. Upon excitation at 404 nm, the La0.99Sm0.01MoBO6
phosphor shows an orange luminescence, and the obtained emis-
sion spectrum consists of f → f transition lines within Sm3+ 4f5

electron configuration, i.e., 4G5/2 → 6H5/2 (563 nm), 4G5/2 → 6H7/2
(597 nm), 4G5/2 → 6H9/2 (645 nm), and 4G5/2 → 6H11/2 (708 nm),
respectively. The strongest one is located at 597 nm, correspond-
ing to the 4G5/2 → 6H7/2 transition of Sm3+. However, the quantum
efficiency of 404-nm excited luminescence of La0.99Sm0.01MoBO6
is only 15%.

Fig. 3 shows the Sm3+ concentration dependence on emission
intensity of La1−xSmxMoBO6 phosphors. It can be seen that the
emission intensity increases with increasing Sm3+ concentration,
and the maximum intensity approaches when the value of x is
equal to 0.01, then the PL intensity decreases because of concen-
tration quenching. The critical distance (R0) from the concentration
quenching data can be calculated using the following formula [23]

R0 ≈ 2 ×
(

3V

4�xCN

)1/3
(1)

where xc is the critical concentration at which the quenching
occurs, N is the number of La3+ ions in the LaMoBO6 unit cell, and
V is the volume of the unit cell. By taking the experimental and
analytic values of xc, N and V (0.01, 8, 924.24 Å3, respectively), the
critical transfer distance of Sm3+ in La1−xSmxMoBO6 phosphors is
determined to be about 28 Å.

3.3. Luminescence properties of LaMoBO6 doped with Dy3+

The excitation spectrum of La0.995Dy0.005MoBO6 phosphor is
shown in Fig. 4(a). The excitation bands at 353, 366, 389,
427 and 452 nm are assigned to the electronic transitions of
6H15/2 → (4M,4I)15/2, 4I11/2, 4I13/2, 4G11/2 and 4I15/2, respectively
due to f → f transitions of Dy3+ [15]. Among them the intensity of
6H15/2 → 4I15/2 transition at 452 nm is the most intense one. In addi-
tion, it is interesting to note from Fig. 4(b) that for each sample the
intensity of 6H15/2 → 4I13/2 transition become stronger than that of

6H15/2 → 4I15/2 transition with increasing Dy3+ concentration. Like
in the previous case, the host related or O2− → Dy3+ CT band has
not been observed in the short wavelength range.

The emission spectrum of La0.995Dy0.005MoBO6 (�ex = 388 nm)
is shown in Fig. 5(a). Two emission bands are observed. The yel-
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ig. 5. PL emission spectra of La0.995MoBO6:0.005Dy3+ (a), the relationship between
mission intensity and Dy3+ dopant contents (b). (the inset shows the ratio of B/Y
ith different Dy3+ contents).

ow band (570 nm) corresponds to the hypersensitive transition
F9/2 → 6H13/2 (�L = 2, �J = 2), and the blue band (482 nm) corre-
ponds to the 4F9/2 → 6H15/2 transition. The value of B/Y (∼0.5) does
ot vary much with increasing Dy3+ content (shown in the inset
f Fig. 5(a)), which is consistent with other Dy3+ doped lumines-
ent materials [13]. The Dy3+ content dependences on the emission
ntensity of 4F9/2 → 6H15/2 and 4F9/2 → 6H13/2 transitions are shown
n Fig. 5(b). Both of them show similar tendency with increasing
y3+ content. The optimum Dy3+ concentration is 4 mol%. However,

he intensity is not strong, and the quantum efficiency of 452-nm
xcited luminescence of La0.96Dy0.04MoBO6 is only 10%. The critical
istance (R0) calculated from Eq. (1) is about 18 Å.

.4. Fluorescence decay spectra

The luminescence decay curves of the emission transition
G5/2 → 6H7/2 at 597 nm (Sm3+ in La1−xSmxMoBO6) and that

f the emission transition 4F9/2 → 6H13/2 at 570 nm (Dy3+ in
a1−xDyxMoBO6) with a laser excitation at 355 nm are shown in
ig. 6(a) and (b), respectively. It can be seen that the decay curves
re single exponential in the diluted samples. The luminescence
ifetimes calculated from the fitted curves are 1.33 ms for Sm3+ in
Fig. 6. Decay curves of 4G5/2 → 6H7/2 transition for Sm3+ in La1−xMoBO6:xSm3+ (a),
and that of 4F9/2 → 6H13/2 transition for Dy3+ in La1−xMoBO6:xDy3+ (b).

La0.995Sm0.005MoBO6 and 0.53 ms for Dy3+ in La0.995Dy0.005 MoBO6.
As concentration increases, the decay curves deviate from expo-
nential behavior, and the non-exponential change becomes more
prominent with increasing Sm3+ and Dy3+ content. Such decay
curves are characteristic of quenching by direct transfer [24,25].
Since samples with low (Sm3+, Dy3+) content would minimize
the effects of the interactions between optically active ions, the
decay curves are nearly single exponential with a long lifetime.
With increasing RE ions concentration, the distance between RE
ions shortens; subsequently, the energy transfer between RE ions
becomes more frequent, which provides an extra decay channel
to change the decay curves, resulting in a non-exponential decay
curve. The possible explanation for this luminescence quench-
ing is due to the cross-relaxation by means of direct transfer
between two ions. Cross-relaxation occurs easily between two
neighboring rare-earth ions. This is the process whereby exci-
tation energy from an ion decaying from a highly excited state
promotes a nearby ion from the ground state to the metastable
level [26]. For Sm3+ ion, the energy gap between the 4G5/2 and
6F9/2 levels is close to that between the 6H5/2 and 6F9/2 levels.

The cross-relaxation channel in the La1−xSmxMoBO6 phosphors is
4G5/2 + 6H5/2 → 6F9/2 + 6F9/2 [25]. In the case of Dy3+ ion, the energy
of the 4F9/2 → 6H5/2 transition matches that of the 6H15/2 → 6H5/2
transition. The cross-relaxation channel in the La1−xDyxMoBO6
phosphors is 4F9/2 + 6H15/2 → 6H5/2 + 6H5/2 [25].
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. Conclusions

The luminescence properties of Sm3+, Dy3+ in the compound
aMoBO6 are reported. LaMoBO6:Sm3+ exhibits orange emission
orresponding to the 4G5/2 → 6H7/2 transition. The emission spec-
rum of LaMoBO6:Dy3+ exhibits two emission bands. The yellow
and (570 nm) corresponds to the 4F9/2 → 6H13/2 transition, and
he blue band (482 nm) corresponds to the 4F9/2 → 6H15/2 transi-
ion. The optimum concentrations are 1 mol% for Sm3+ and 4 mol%
or Dy3+. However, the intensity of Sm3+ and Dy3+ emission is not
trong. The quantum efficiency is only 15% for La0.99Sm0.01MoBO6
nd 10% for La0.96Dy0.04MoBO6. The decay curves are single expo-
ential in the diluted samples, and the fitted lifetime is in the order
f minisecond. The decay curves deviate from exponential behav-
or, and the non-exponential change becomes more prominent

ith increasing RE ions content. Cross-relaxation is responsible for
he concentration quenching.
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