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EuAl3 (BO3 )4 and Dy3+ :EuAl3 (BO3 )4 crystals were synthesized and their luminescence properties were
studied. The EuAl3 (BO3 )4 crystals have strong red emission. In the Dy3+ doped EuAl3 (BO3 )4 crystals,
the Dy3+ strongly sensitized the luminescence of the Eu3+ . A resonance mechanism of the energy transfer
was suggested. The optimum Dy3+ concentration of the sensitization effect was 0.2. When the Dy3+
concentration was higher than 0.2, the quick drop of the Eu3+ 613 nm emission for Dyx Eu1−x Al3 (BO3 )4
was attributed to the Dy3+ concentration quenching effect.
Key words: Luminescence, Dy3+ , Eu3+ , Sensitization

Dy3+ :EuAl3 (BO3 )4 crystals have been published so far.
In this work, the photoluminescence (PL) properties of
these crystals was investigated, and sensitization of the
Dy3+ to the Eu3+ was found and discussed.

I. INTRODUCTION

Rare-earth aluminum borates with a general formula
of RAl3 (BO3 )4 (RAB, R=Y, Pr-Lu) are considered to
be polyfunctional materials having potential applications in various devices due to their possibility of wide
isomorphous substitutions, and their good thermal and
chemical stability [1]. For example, YAl3 (BO3 )4 (YAB)
and GdAl3 (BO3 )4 (GAB) possess a rather high nonlinear optical coefficient [2]. The NdAl3 (BO3 )4 (NAB)
crystal has excellent optical properties and a weaker
luminescence quenching effect than conventional laser
crystals such as Nd:YAG [3].
In this borate family, the non-centrosymmetric
Rx Y1−x Al3 (BO3 )4 (RYAB) crystals (R=Nd3+ , Sm3+ ,
Er3+ , Tm3+ or Yb3+ ) are of the most interest as
promising solids for lasing and nonlinear optical applications owing to their very low-concentration quenching
as the rare-earth concentration is increased [4-13]. This
means that it is possible to achieve a strong luminescence and low lasing thresholds in this family of crystals
with high rare-earth concentrations. The main reason
for the low-concentration quenching in these crystals is
the relatively large distance between rare-earth ions in
the crystal structure [14].
Eu3+ potentially could be applied for red lasers,
which have been investigated intensively. EuAl3 (BO3 )4
crystal belongs to the hexagonal system with space
group R32 (huntite structure) and cell parameters of
a=b=0.9307 nm and c=0.7266 nm [15]. This crystal
has high chemical stability, mechanical strength, optical quality, and nonlinear optical coefficient. The rareearth ions can substitute for the Eu3+ located at D3
sites without causing any symmetry distortion in general. However, few reports on the EuAl3 (BO3 )4 and

II. EXPERIMENTS

Dyx Eu1−x Al3 (BO3 )4 (0≤x≤1) crystals were grown
from high-temperature solutions using a K2 Mo3 O10 based flux in the temperature range from 900 ◦ C to
1060 ◦ C. The initial chemicals used in this work were
Dy2 O3 (99.9%), Eu2 O3 (99.9%), Al2 O3 (99%) and
B2 O3 (99%). According to the composition, appropriate amounts of the starting materials were weighed
and mixed thoroughly in an agate mortar. K2 Mo3 O10
was preliminarily synthesized by reacting K2 MoO4 with
H2 MoO4 at 650 ◦ C according to the following reaction:
K2 MoO4 +2H2 MoO4 → K2 Mo3 O10 +2H2 O ↑

Then a certain amount of K2 Mo3 O10 was added into
the mixture and ground again to make the composition
homogenous. The concentration of Dy3+ :EuAl3 (BO3 )4
in the flux containing mixture was 20wt% [16]. The
mixture was then put into a platinum crucible, which
was located in a vertical furnace, and a programmable
temperature controller (AI-708P) was used to control
the temperature. At first, the furnace was heated at
1060 ◦ C for 2 h for homogenization of the melt. Then,
the temperature was slowly decreased to 900 ◦ C at a
rate of 2 ◦ C/h. After that, the furnace was cooled down
to 350 ◦ C at a rate of 10 ◦ C/h followed by natural cooling.
X-ray diffraction (XRD) of the as-obtained crystals
was performed using an X-ray diffractometer (Rigaku,
D/MAX-γA) with Cu Kα radiation (λ=0.15418 nm)
in the range of 10◦ ≤2θ≤70◦ . Excitation and photoluminescence (PL) spectra of the Dy3+ :EuAl3 (BO3 )4
crystals were measured at room temperature using a
spectrophotometer (Hitachi, MPF-4).
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III. RESULTS AND DISCUSSION

Figure 1 is a typical photograph of as-grown
Dy:EuAl3 (BO3 )4 crystal. It can be seen from Fig.1 that
the size of the crystal is about 2 mm×1 mm×1 mm.

FIG. 3 Excitation spectrum of EuAl3 (BO3 )4 crystals
(λem =613 nm).
1 mm

7

FIG. 1 Typical photograph of an as-grown Dy:EuAl3 (BO3 )4
crystal.

The XRD pattern of the as-obtained crystals with a
nominal composition of Dy0.04 Eu0.96 Al3 (BO3 )4 is displayed in Fig.2. The diffraction peaks in Fig.2 can be
indexed to the hexagonal EuAl3 (BO3 )4 with cell parameters of a=b=0.932 and c=0.719 nm, agreeing well
with the data in JCPDS 18-0023. No diffraction peaks
from impurities are detected. Similar XRD patterns
for Dyx Eu1−x Al3 (BO3 )4 with different x were also obtained.

F0 →5 D1 and 7 F1 →5 D1 in Eu3+ , respectively. Excluding the excitation band at 268 nm, the most intense
band is at 394 nm, corresponding to the electron transition of 7 F0 →5 L6 which is a characteristic of the Eu3+
excitation.
The EuAl3 (BO3 )4 crystals emit a strong red light
under UV excitation. Figure 4 is the emission spectrum of EuAl3 (BO3 )4 under excitation at 268 nm. It
can be seen from Fig.4 that the luminescence spectrum mainly consists of four PL peaks near 536, 591,
613 and 698 nm coming from the electron transitions
of 5 D1 →7 F1 , 5 D0 →7 F1 , 5 D0 →7 F2 , and 5 D0 →7 F4 in
Eu3+ , respectively. The most intensive one among them
is at 613 nm, which is due to the electric dipole transition 5 D0 →7 F2 . It is also observed from Fig.4 that
a peak-splitting phenomenon appears at 591, 613 and
698 nm; in other words, there are emission peaks for the
5
D0 →7 F1 (586, 591 and 598 nm), 5 D0 →7 F2 (613 and
618 nm) and 5 D0 →7 F4 (698 and 702 nm) transitions
respectively, which probably results from the crystal
field splitting [18]. The intensity for the hypersensitive transition 5 D0 →7 F2 is much higher than that for
the magnetic dipolar transition 5 D0 →7 F1 (see Fig.4),
which reveals that Eu3+ is non-centrosymmetrical.

FIG. 2 XRD pattern of Dy0.04 Eu0.96 Al3 (BO3 )4 crystals.

Figure 3 presents the excitation spectrum of
EuAl3 (BO3 )4 crystals for the 613 nm emission. It
can be seen from Fig.3 that the excitation spectrum
of Eu3+ is dominated by a broad absorption band at
240-310 nm with a maximum at 268 nm which is assigned to the charge transfer (CT) transition between
Eu3+ and O2− [17]. In the wavelength range from
310 nm to 550 nm, there are eight excitation bands located at 319, 362, 382, 394, 415, 464, 526 and 535 nm
originating from the electron transitions of 7 F0 →5 HJ ,
7
F0 →5 D4 , 7 F0 →5 G2 , 7 F0 →5 L6 , 7 F1 →5 D3 , 7 F0 →5 D2 ,
ISSN 1003-7713/DOI:10.1360/cjcp2007.20(1).99.4

FIG. 4 PL spectrum of EuAl3 (BO3 )4 crystals excited at
268 nm.
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Figure 5 gives the excitation spectrum of
Dy0.2 Eu0.8 Al3 (BO3 )4 crystals for emission at 613 nm.
It can be seen from the excitation spectrum that in
addition to the Eu3+ characteristic excitation peaks
(Fig.3), an obvious Dy3+ stimulation peak appears
near 350 nm (6 H15/2 →6 P7/2 ), which indicates that
there is possibility of energy transfer from Dy3+ to
Eu3+ .

FIG. 7 PL spectrum of DyAl3 (BO3 )4 crystals under excitation at 350 nm.

FIG. 5 Excitation spectrum of Dy0.2 Eu0.8 Al3 (BO3 )4 crystals for emission at 613 nm.

Figure
6
is
the
emission
spectrum
of
Dy0.2 Eu0.8 Al3 (BO3 )4 under excitation at 350 nm.
It can be seen from Fig.6 that the PL spectrum mainly
consists of five emission peaks. The PL peak at 480
and 574 nm is assigned to the 4 F9/2 →6 H15/2 and
4
F9/2 →6 H13/2 transitions in Dy3+ , while that at 591,
613 and 698 nm is due to the 5 D0 →7 F1 , 5 D0 →7 F2 and
5
D0 →7 F4 transitions in Eu3+ , respectively.

transfer is reasonably attributed to a resonance mechanism.
The PL spectrum of Dyx Eu1−x Al3 (BO3 )4 with different x is similar to Fig.6, but the intensities are
different. Table I gives the relative PL intensity for
Dyx Eu1−x (BO3 )4 at 613 nm of Eu3+ and that at
574 nm of Dy3+ under excitation at 350 nm varying
with the Dy3+ concentration. It can be seen from Table I that as the Dy3+ concentration increases, both
the relative PL intensities at 613 nm of Eu3+ and at
574 nm of Dy3+ increase at first, reach the strongest
when x=0.2, and then decrease quickly afterwards.
TABLE I Relative PL intensities for Dyx Eu1−x (BO3 )4 at
613 nm of Eu3+ and that at 574 nm of Dy3+ excited at
350 nm varying with the Dy3+ concentration x
x
0
0.04
0.1
0.2
0.3
0.4

FIG. 6 PL spectrum of Dy0.2 Eu0.8 Al3 (BO3 )4 crystals excited at 350 nm.

The emission spectrum for DyAl3 (BO3 )4 under excitation at 350 nm is displayed in Fig.7. By comparing
the emission spectrum of Dy3+ in Fig.7 with the excitation spectrum for the Eu3+ 613 nm emission in Fig.5,
a wide overlap (from 370 nm to 500 nm) between these
spectra is observed, which indicates there is a possibility of energy transfer from Dy3+ to Eu3+ . The energy
ISSN 1003-7713/DOI:10.1360/cjcp2007.20(1).99.4

613 nm of Eu3+
0
20
56
100
60
18

574 nm of Dy3+
0
8
36
100
67
23

With increasing of the Dy3+ concentration from 0
to 0.2, the relative PL intensity at 613 nm of Eu3+
rises correspondingly; this is owing to the increase of
the energy transfer from the Dy3+ to the Eu3+ . But
when the Dy3+ concentration is higher than 0.2, the
Dy3+ concentration quenching effect occurs resulting
in a quick drop of the relative intensity of the Dy3+
574 nm emission. Therefore, the energy transfer from
the Dy3+ to the Eu3+ is reduced .

IV. CONCLUSION

Single crystals of EuAl3 (BO3 )4 and Dy3+ :
EuAl3 (BO3 )4 were grown using the flux method.
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The excitation and emission spectra were measured
at room temperature.
The EuAl3 (BO3 )4 crystals have strong red emission at 613 nm. In the
Dyx Eu1−x Al3 (BO3 )4 crystals, the luminescence of
Eu3+ is sensitized obviously by doping with a certain
amount of Dy3+ . The optimum Dy3+ concentration
for the sensitization effect is 0.2. The energy transfer
can be assigned to a resonance mechanism. When
the Dy3+ concentration is higher than 0.2, the rapid
decrease in the emission intensity at 613 nm of Eu3+ is
attributed to the Dy3+ concentration quenching effect.
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[7] I. Földvari, E. Beregi, A. Baraldi, et al. J. Lumin. 102,
395 (2003).
[8] A. A. Kaminskii, Laser Crystals, 2nd Ed., Berlin:
Springer, (1990).
[9] L. M. Dorozhkin, I. I. Kuratev, N. I. Leonyuk, T. I.
Timchenko, A. V. Shestakov, Pisma Zh. Tehk. Fiz. 7,
1297 (1981).
[10] T. Y. Fan, J. Quant. Electro. 29, 1457 (1993).
[11] J. Li, J. Y. Wang, X. F. Cheng, et al. Cryst. Res. Technol. 10, 890 (2003).
[12] P. Wang, X. F. Fan, Z. Zhuo, et al. J. Synth. Cryst. 25,
6 (1996).
[13] L. L. Tian, J. Y. Wang, J. Q. Wei, et al. J. Synth. Cryst.
27, 225 (1998).
[14] E. V. Koporulina, N. I. Leonyuk, D. Hansen, et al. J.
Cryst. Growth. 191, 767 (1998).
[15] N. I. Leonyuk and L. I. Leonyuk, Prog. Cryst. Growth
Charact. 31, 179 (1995).
[16] P. K. Gallaher, J. Chem. Phys. 41, 3061 (1964).
[17] Y. H. Wang, K. Ukeda, H. Takizawa, et al. J. Electrochem. Soc. 148, 430 (2001).
[18] Y. H. Wang and E. Tadshi, Chin. J. Liq. Cryst. Displ.
18, 325 (2003).

c
°2007
Chinese Physical Society

