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Fluorescence of Eu?" in Strontium Oxonitridoaluminosilicates (SiIAIONS)
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The fluorescence of two divalent europium-activated oxonitridoaluminosilicates, namely SrSisAl0,N; and Sr-
SiALO;N,, is reported in this work. The powder sample was synthesized by sintering at 1800°C (SrSisAlO,N,) or
1600°C (SrSiAl,O;N;) for 2 h under 0.5 MPa N,. A single broadband blue-green emission is observed for both
SrSisAlO,N; : Eu?* and SrSiALO;N, : Eu** at room temperature under ultraviolet excitation. The short-
wavelength fluorescence is attributed to the weak crystal-field strength as a result of long distances between the
activator ion and ligand anions. The effect of the Eu>* concentration on the emission intensity and CIE chromat-

icity coordinations of both samples is presented.
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1. Introduction

An introduction of nitrogen as a substitute for oxygen leads
from the oxosilicates to the nitridosilicates (“sions”) and, a
further partial substitution of Si by Al leads to the oxonitrid-
oaluminosilicates (“sialons”). The extension of the crystal
chemistry of oxosilicates has led to the synthesis of a variety of
such compounds with potential applications as high perfor-
mance materials because of their excellent mechanical, ther-
mal, and chemical stability. Typical examples are a-SiAION
[M,.(Si, Al) (O, N) 15, M =metal cations and x is the solubili-
ty of M] and B-SiAION [ (Si, Al)4(O, N)g] which are derived
from o-Si;N; and B-Si;N,, respectively.!’-3’ Recently, rare-
earth activated “sialons” phosphors are gaining considerable
importance due to their outstanding luminescence properties
and a variety of structural possibilities, which realize potential
applications in white light-emitting diodes, fluorescent lamps,
and flat panel displays (FPD).4-!1 Krevel et al.* have investi-
gated the significant influence of coordination with N>~ on the
emission of Ce** in Y-Si-O-N host lattices. Janssen et al.”’
reported a novel blue-emitting phosphor BaAl,;;O;(N: Eu?*
with the p-alumina-type structure, which is suitable for
fluorescent lamps. The authors have investigated the lumines-
cence of a-SiAlONSs activated by different types of rare earth
ions (a-SiAION:RE, RE=Eu, Tb, or Pr).®-'9 Among these
a-SiAIONs, the Eu?*-doped one shows intense yellow emis-
sion upon blue light excitation, and is therefore expected to be
used for generating white light when combined with a blue
LED chip.®»!V

Extensive studies of alkaline earth silicate and aluminate
phosphors have been carried out because of their promising
Juminescence properties such as high quantum efficiency and
good stability.'-'*) In many cases the emission of Eu?* in
alkaline earth silicates and aluminates occurs in the blue
region. Recently, alkaline earth silicon nitrides (M,SisNg, M =
Ca, Sr, Ba) were reported to give strong red emission when ac-
tivated with Eu?*.!® The luminescence of Eu?* in alkaline
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earth oxonitridoaluminosilicates, however, is not investigated
yet to the best of our knowledge. This triggers the understand-
ing of the emission of Eu?* in these host lattices. Two stronti-
um containing “sialon” compounds, namely SrSisAlO,N- and
SrSiALLO;N,, are recently reported by Shen!® and Schnick.!”
The crystal structure and cell parameters of these materials are
given in Fig. 1 and Table 1, respectively. Both of them have
an orthorhombic structure but belong to different space
groups. There is only one site for the Sr atoms in both materi-
als. The Sr atoms are located in tunnels extending along [001]
in Sr,SijpAlLL,ON,; and in the voids of the (SiALO;N,)2~
framework in SrSiALLO3;N,. As shown in Fig. 2, the Sr atoms
are eightfold and ninefold coordinated to (O, N) anions in
SrSisAlO;N; and SrSiAlL,O;N,, respectively. The Sr-N bond
length is much longer than that of the Sr-(O, N) or Sr-O

(a)

Fig. 1. Crystal structures of (a) SrSisAlO,N; along [001], Sr atoms
are black circles, the Si- (O, N) tetrahedral are dark, and the (Si, Al)-
(O, N) ones are unfilled; (b) SrSiAl,O;N, along [100], Sr atoms are
black circles, the Si- (O, N) tetrahedral are dark, the Al1-(O, N) ones
are grey, and the Al2-(O, N) ones are unfilled.

(b)
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Table 1. Crystal Structure and Unit Cell Parameters of SrSisAlO,N,
and SrSiAl,O;N,
SrSisAlO;N; SrSiAlLO;N,
Crystal system orthorhombic orthorhombic
Space group Imm?2 P21242y
Cell parameter, a 8.2788 4.9198
Cell parameter, b 9.5757 7.8973
Cell parameter, ¢ 4.9158 11.3494
Cell volume, V 389.7 440.94
Z 2 4

(a)

(b)

Fig. 2. Coordination of Sr atoms in (a) SrSi;AlO,N; and (b)
SrSiAlzogNg.

bonds in both materials.

This paper investigates the luminescence properties of euro-
pium doped SrSisAlO,;N; and SrSiAl,O3;N, at room tempera-
ture, and discusses the influence of surroundings in the lattice
(e.g., coordination, bond length between Eu and the nearest
ligands) and activator concentration on the Eu?® lumines-
cence.

2. Experimental

Powder samples of SrSisAlO,N; : Eu?* and SrSiALOsN, :
Eu?*, with the europium concentration varying in the range of
0.5-10 at% with respect to strontium, were prepared from o-
Si;N; (SN-E10, Ube Industries Ltd.), AIN (Tokuyama
Corp., Type F), SrCO; (Kojundo Chemical Laboratory Co.,
Ltd.), SiO, (Kojundo Chemical Laboratory Co., Ltd.) and
Eu,0, (Shin-Etsu Chemical Co., Ltd.). The powder mixtures
were synthesized by sintering at 1800°C (SrSisAlO,;N; : Eu?™)
or 1600°C (SrSiALO;N, : Eu?*) for 2 h under 0.5 MPa N,.
The photoluminescence spectra were measured at room tem-
perature using a fluorescent spectrophotometer (F-4500,
Hitachi Ltd.) with a 150 W Ushio xenon short arc lamp. The
emission spectrum was corrected for the spectral response of a
monochromater and Hamamatsu R928P photomultiplier tube
by a light diffuser and tungsten lamp (Noma, 10 V, 4 A). The
excitation spectrum was also corrected for the spectral distri-
bution of the xenon lamp intensity by measuring rhodamine-B
as reference. The diffusive reflection spectrum was recorded in
the range of 200-800 nm on a UV-VIS spectrophotometer
with an integrating sphere (JASCO; Ubest V-560).

3. Resuits and discussion
Figure 3 shows the diffuse reflectance spectra of SrSis
AlO;N; : Eu?* and SrSiAlLO;N, : Eu?* at room temperature.
The spectra of these samples resemble each other in the range
of 200-800 nm. Both samples have two absorption bands in
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Fig. 3. Diffuse reflectance spectra of (a) SrSi;AlO,N; and (b)
SrSiAlLO;N, with varying Eu?* concentration.

the UV spectral region, which are situated at ~240 and ~360
nm, respectively. Note that the first band is caused by the ab-
sorption of the host lattice and the second one by the absorp-
tion of Eu?’. With increasing the europium concentration,
the absorption becomes stronger and the onset of the absorp-
tion band shifts to longer wavelengths for both samples. The
reflectance spectra of the concentrated samples extend to
the visible part of the spectrum, which yields green daylight
color for both samples.

The excitation and emission spectra of SrSi;AlO,N; : Eu?*
and SrSiAl,O;N, : Eu®* are illustrated in Fig. 4. Both samples
give blue-green luminescence upon 305 nm excitation. The
emission spectrum shows a broad-band character, centered at
488 and 475 nm for Sr,Si;,Al,O,N,4 and SrSiAlLO;N,, respec-
tively. The emission band corresponds to the allowed 4f°5d—
4f7 electronic transitions of Eu®*. In comparison with SrSi
AlL,O;N,, SrSisAlO,N; covers more green and red emissions
and has a larger full width of half emission maximum (103
nm) than that of SrSiAlLO;N, (78 nm). Meanwhile, both
samples absorb strongly in the range of 350-400 nm, so they
can be well excited by a GaN-based UV LED, allowing them
to be used for white LED applications as blue phosphors.

The excitation spectra of both samples are broad and struc-
tureless and correspond to the 4f7—4f%5d transition of Eu®*.
The broad excitation band is situated at 311 and 305 nm for
SrSisAlO,N; : Eu?* and SrSiALO;N, : Eu?*, respectively. No
distinct splitting of the 5d band of Eu?* is observed in both
samples, suggesting the interaction between the crystal field
and the 5d configuration is weak. In addition, the serious
spectral overlap also results in an unresolved spectrum. The
excitation spectra are consistent with the reflection spectra,
and have a tail extending to 460 nm which explains the green
color of the powder. For different monitoring wavelengths
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Fig. 4. Excitation and emission spectra of (a) SrSisAlO,N; and (b)
SrSiALO;N, with the Eu?* concentration of 1.0 at%.

(450-600 nm), the shape of the excitation spectra does not
change. This also holds true for the emission spectra when ex-
cited under varying wavelengths (250-400 nm). The presence
of one type of excitation and emission spectra is expected as
only one crystallographic Sr** site is present in both samples.

Compared to Ca-a-SiAION : Eu>*®:®9 and (Ca, Sr, Ba),
SisNg : Eu?*,'¥ the luminescence of SrSisAlO,N; and SrSi
ALLO;N, occurs at shorter wavelength (i.e., higher energy),
but resembles that of BaAl;;O N : Eu?* which emits at 450
nm under UV excitation. The short emission wavelength in
BaAl;;O4N : Eu?* is due to the fact that europium is not
coordinated to nitrogen, making it similar to the luminescence
of Eu-doped barium aluminate phase I.¥ Li et al. reported
that SrYSi4N7 : Eu?* has a longer emission wavelength than
BaYSisN; : Eu?*, and ascribed this to smaller metal-ligand
distances in SrYSiyN;.'® As shown in Fig. 2, in SrSisAlO,N;
the Sr atoms are coordinated by eight (O, N) atoms: two (O,
N) atoms at 0.2660 nm, two N2 atoms at 0.3219 nm and four
N1 atoms at 0.3189 nm;'® In SrSiAl,O;N, the Sr atoms are
coordinated by six O atoms and three N atoms: two Ol at
0.2807 nm, two O2 at 0.2634 nm, two O3 at 0.2887 nm, two
N1 at 0.3114 nm and one N2 at 0.2874 nm.!” The average Sr-
(0, N) distance in SrSisAlO,;N; (0.3064 nm) or SrSiALO;N,
(0.2862 nm) is longer than that observed in Ca-o-SiAION
(0.2606 nm) and Ca,SrsNg (0.2652-0.2708 nm) . The Eu®* lu-
minescence greatly depends on the strength of the crystal field.
The crystal field increases with decreasing distance between
Eu?* and ligand anions and with increasing valence. The long
distance between Eu and (O, N) atoms in present materials is
thought to cause weak crystal field acting on Eu?*, which
results in the short emission wavelength of SrSisAlO,N; and
SrSiALO;N,. In addition, the coordination of the Eu atoms in
SrSiALO;N, is oxygen-rich, resulting in weak nephelauxetic
effect in comparison with nitride phosphors where Eu?" is
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Fig. 5. Concentration dependence of emission intensity of SrSi;s
AlO,N; and SrSiAl,O3;N,.

coordinated to nitrogen. This also explains the short emission
wavelength of Eu?* in SrSiALO;N,.

Figure 5 shows the europium concentration dependence of
the emission intensity. The critical concentration is 2 and 3
at% for SrSisAlO,N; and SrSiAlL,O;N,, respectively. The
decrease in emission intensity beyond a critical concentration
can be explained by concentration quenching which is mainly
caused by the energy transfer between Eu?* ions. Since the 4f
—5d transition of Eu?* is allowed and the luminescence spec-
trum overlaps at 400-470 nm, the nonradiative energy transfer
among Eu?* ions take places as a result of an electric
multipolar interaction and radiation reabsorption. When the
concentration of Eu?* increases, the distance between Eu?*
ions becomes small, the probability of energy transfer thus
increases.!” Furthermore, the spectral overlap between the
emission and excitation spectra leads to energy transfer, which
also accounts for concentration quenching.

As allowed electric-dipole transitions are involved in the
case of Eu?*, the value of the critical energy transfer distance
(R.) between Eu?* ions can be determined from the following
equation®”

4.8x10°15 P
—E“_S'O' (1)

RS5=0.63 x10%x
Here P is the oscillator strength of the involved absorption
transition of the Eu™ ion, E the energy of maximum spectral
overlap, and S.O. the spectral overlap integral. For P, a value
of 1072 for the broad 4f7 to 455d! absorption band is taken.2
E and S.O. can be derived from the spectral data. Taking E=
2.85 eV (SrSi;AlO;N,) and 2.92 eV (SrSiALO;N;) and S.0.
=0.044 (SrSi;AlO,N;) and 0.036 (SrSiALO;N;) into Eq.
(1), the critical distance (R.) value of energy transfer between
the Eu?* and the Eu?" ions is estimated to be 1.65 and 1.57 nm
for SrSisAlO,N; and SrSiALO;N,, respectively.
In addition, the critical concentration can be used to com-
pute the critical energy transfer distance by using the following

equation:??

3V O\
=2
R (471ch) @)

Here x, is the critical concentration, N the number of cation
sites in the unit cell, and ¥ the volume of the unit cell. The crit-
ical distance for energy transfer is determined to be 2.10 and
1.91 nm for SrSisAlO,N; and SrSiAl,O;N,, respectively. As
seen, there is a good agreement between the R, values obtained
from the experimental spectral data (Eq.(1)) and the crystal
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Fig. 6. CIE chromaticity coordinations of SrSi;AlO,N, and SrSi
A}L,O3;N, with varying Eu?* concentration. The Eu?* concentration in-
creases from bottom (0.5 at%) to top (10at%).

structure data (Eq.(2)).

Figure 6 shows the CIE chromatic coordinates of both sam-
ples with varying europium concentration. It is observed that
with increasing Eu concentration, the color shifts from blue to
bluish-green. This result can be explained by the shift of the
emission towards longer wavelength as the Eu?* concentration
increases. The red-shift of the emission is perhaps due to some
changes in the crystal field around Eu?* which causes the split-
ting of 5d electrons. As mentioned previously, the probability
of the energy transfer from the Eu®* ions at higher levels of 5d
to those at the lower levels of 5d increases with an increase of
Eu concentration. This makes it possible that higher Eu con-
centration lowers the emission energy for transfer from the
low 5d excited state to the 4f ground state, and hence shifts the
emission to longer wavelength. In addition, reabsorption of
the highest energy emission occurs in concentrated samples,
due to a spectral overlap between the lowest energy excitation
band and the highest energy emission. This also leads to an up-
ward shift of the emission maximum to longer wavelengths.

4. Conclusions

The fluorescence of SrSisAlO,N; and SrSiAl,O;3N, activated
by divalent europium was investigated at room temperature.
Unlike o-SiAION and alkaline earth silicon nitride, both SrSis
AlO,N; and SrSiAl,O;N, are characteristic of short-wave-
length excitation and emission. It is perhaps due to the weak
crystal field strength caused by longer distances between Eu?*
and ligand anions. The concentration quenching occurs at the
Eu?* concentration of 2 and 3 at% for SrSisAlO,N; and Sr-
SiAL,O;N,, respectively. With increasing Eu?® concentration

the CIE chromatic coordinates increase, shifting the color of
both samples from blue to blue-green.
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