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A single crystal and an amorphous solid of EuAl,(BO,), were prepared and their fluorescence properties 
were compared each other. It was found that the sD, + ‘F,, transition in the amorphous state, which is 
forbidden for Eu3+ ions at D,,, symmetry in the huntite crystal structure, was allowed and a decrease of 
the ligand field symmetry around the Eu 3t ion was suggested with the glass formation. The results of 
15’Eu-M8ssbauer effect and Al& emission spectroscopy showed that the coordination number of Eu3’ 
ionsincreasedfrom9to 12andthatofA13+ ionsalmostdecreasedfrom6to4byglassification. Theincrease 
of the linewidth of both the fluorescence and Miissbauer spectra could be attributed to the site variation 
and ligand asymmetry of Eu3+ Ions in the glass of this system. 0 1992 Academic Press, Inc. 

Self-concentration quenching reduces the Among the rare-earth huntite groups, 
efficiency of most rare-earth based lumines- NdAl,(BO,), is known as a minilaser device 
cent materials because the non-radiative de- (NAB) utilizing the fluorescence of the 
cay process occurs due to the electric-dipole 4F3,2-44112 transition of the Nd3+ ion (9). In 
coupling between rare-earth ions (1). Thus, addition to the benefit of unusual weak self- 
in most glass systems doped with lumines- concentration quenching in these crystal 
cent ions such as Nd-doped oxide glasses, groups, the possibility of glass formation in 
the maximum content of Nd3+ ions is usu- this system is of interest, because it contains 
ally limited to much less than -5 mol%. On a large amount of network-forming com- 
the other hand, in some kinds of phosphate pounds such as B,O, and Al,O,. Thus it 
glasses, a large amount of rare-earth ions is attractive to investigate the fluorescence 
can be doped as a main component of glass property of the glassy state, which is surely 
composition without the concentration expected to accompany the structural 
quenching, such as Eu(PO,)~ (I). The rare- change, under the same composition as that 
earth aluminoborate crystal, LnAl,(BO,), of crystal. 
(2, 3) is a highly concentrated rare-earth In this study, a single crystal of Eu 
crystal in stoichiometry along with Al,(BO,), huntite was prepared by the usual 
Ln,A&O,, (4), Li,Ln(BO,), (5, 6), and flux method and its fluorescence property 
LnMgB,O,, (7). This crystal structure is iso- was examined. In this structure, the ‘D, -+ 
morphous with huntite CaMg,(CO,), (8). 7F0 transition of the Eu3+ ion is forbidden 
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FIG. 1. EuA&(BO& single crystal prepared by the flux method. 

due to the site symmetry of D,, (4). In order 
to investigate the effect of glass formation 
on the structure and fluorescence property, 
an amorphous thin film was prepared by the 
twin-roller quenching method. The coordi- 
nation numbers of Eu3+ and A13+ ions were 
also investigated by the *51Eu-Mossbauer 
and AH& emission spectra, respectively. 

A single crystal was obtained by using the 
L&O-B,O, flux method, which was re- 
ported for NdAl,(BO,), elsewhere (10). The 
composition shown in Table I was melted in 
a platinum crucible at 1200°C for 2 hr and 
the melt was slowly cooled at a rate of 10 
K/hr down to 500°C. The solid obtained was 
etched with 0.1 N HCI aqueous solution to 
avoid the lithium borate flux. The photo- 
graph of the obtained single crystal is shown 
in Fig. 1. The crystals obtained were a hex- 
agonal rod in shape and pinkish in color with 
transparency. The X-ray diffraction analy- 
sis was carried out to confirm the formation 
of a pure phase in the powder form. No 
impurity phase was observed, and all the 
peaks could be assigned to the EuAl,(BO,), 
huntite crystal. 

The glassification of this crystal was con- 
ducted by using the twin-roller super cooling 
method. The rollers rotate themselves at a 
rate of about 1000 rpm. The glassy phase 
was confirmed by XRD. The DTA curve is 
shown in Fig. 2. The glass transition was 
clearly observed around 730°C as an endo- 
thermal step, and crystallization tempera- 
ture, T,, of the first exothermal peak was 
830°C. This value of Tg is much higher than 
that of other alkali borate glasses, which is 
probably due to the absence of a network 
modifier such as alkali ions. Fluorescence 

TABLE I 

COMPOSITIONAL RATIO OF FLUX 

Source Ratio 

LizCOl 1 
B2°3 3.22 
E"203 0.5 
A1203 1.5 

N&e. Batch composition used for preparation of sin- 
gle crystal. 
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FIG. 2. DTA curve of amorphous sample. 

spectra of the crystalline and amorphous 
sample were measured with a Hitachi-850 
Fluorescence Spectrophotometer and are 
shown in Fig. 3. The excitation source was 
a Xe-lamp and the wavelength was 394 nm 
(5L,+ 7F,,). For the crystal sample, the spec- 
trum was the same as that reported else- 
where (3). The ‘D, --, 7F0 transition around 
580 nm was not observed, since this transi- 
tion is forbidden for Eu3+ ions at D,, sym- 
metry, as in EuAl,(BO,), (3) and YAl, 
(BO,), : Eu3+ huntite structures (II). On the 
other hand, this emission line was clearly 
observed for the glass sample. This phenom- 
enon can be ascribed to the change in the 
site symmetry of each Eu3+ site from a crys- 
talline to a glassy state. The splitting of 7F, 
and ‘F2 states became large due to the crys- 
tal field Stark splitting, but the fine structure 
could not be clearly observed because of 
site-to-site variation which is characteristic 
of the amorphous samples. 

In Fig. 4, the 15’Eu-Mossbauer spectra of 
crystalline and glass samples are shown. 
The measurement was carried out by using 

r5’Sm,0, (5 mCi) as a -y-ray source. The ve- 
locity calibration was done with the spec- 
trum of cr-Fe by the 57Co(Rh) source, and the 
isomer shift was determined with respect to 
that of EuF,. From Fig. 4, it can be seen 
that no Eu*+ ion (IS - - 12 mm/set) was 
formed, and the linewidth of the absorption 
peak due to Eu 3+ ions became large for the 
glass sample. This line broadening can be 

due to the formation of site variation and to 

TABLE 11 

THE CHEMICAL SHIFT OF AIKa EMISSION 

Sample 
Coordination 

number 
Chemical shift 

(1O-5 nm) 

EuAWW~ 
crystal 6 27 
amorphous ‘I 16 
cx-A1203 fi 20 
v-Al2030 5 17 
Mullite 4.8 16 
K-feldspar 4 II 

’ Prepared by t-f-sputtering. 
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FIG. 3. Fluorescence spectra of (a) crystal and (b) amorphous sample. 

the increase of the electric field gradient at 
*‘*Eu nuclei in a random glass structure. The 
isomer shift, IS of Eu3+ ions in the glass 
sample was 0.30 mm/set, while that of hun- 
tite crystal was 0.70 mmlsec. According to 
our previous study concerning about the re- 
lationship between IS and coordination 
numbers (CN = 6, 8, 9, 12) of Eu3+ ion in 
various oxide crystals (12), IS of Eu3+ ion 
can be a measure of the coordination num- 
ber. For example, the IS of C-Eu,O, 
(CN = 6) was 1.07 mm/set and that of Eu- 
AlO, (CN = 12) was 0.52 mm/set. Thus, it 
is suggested that the coordination number 
of Eu3+ ions in the glass sample increases 
up to 12. 

In order to investigate the coordination 

number of A13+ ions accompanied with the 
structural change, the chemical shift of 
AlKcr emission was determined with an 
X-ray probe microanalyzer. The results are 
shown in Table II together with the chemical 
shifts of a-Al,O, , amorphous-Al,O,, and 
mullite crystal. It can be seen that the chemi- 
cal shift of the single crystal corresponds to 
that of the six-folded state, while that of 
the glass sample corresponds to that of the 
mullite crystal, where the average coordina- 
tion number of A13+ ions is 4.8. The change 
of the chemical shift in the same composi- 
tion was - 11 x lo-’ nm. This change in 
chemical shift is much larger than that for 
A&O, ( - 3 x 10-j nm) in which the average 
coordination number of AP+ changed from 
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FIG. 4. The “‘Eu-Miissbauer spectra of (a) crystal 
and (b) amorphous sample. 

6 to 5 with amorphous formation by rf- 
sputtering (13). Therefore, the coordination 
number of most A13+ ions in the present 
system is considered to decrease from 6 to 
4 by glassification. These four-folded A13+ 
ions probably contribute to the network for- 
mation along with B3+, while the Eu3+ ions 
work as the network modifier, taking higher- 
folded states. 

In order to study the phonon mode cou- 

I I I I 1 I 1 I 

la) 

I I I I 8 I I I I I 1 
440 450 460 470 430 440 450 460 470 

Wavelength / nm Wevelength / ntn 

pled with Eu3+ in these compounds, the 
phonon sideband associated with the 5D, + 
‘FO transition (14) was investigated. The ex- 
citation spectra of the crystal and glass are 
shown in Fig. 5(a) and (b), respectively. At 
higher energy side of the 5D2 t 'F. elec- 
tronic transition, the phonon sideband can 
be observed. The phonon energy which can 
be obtained as the energy difference be- 
tween those peaks, was 1290 cm-’ for the 
crystal. This energy is exactly equal to that 
of the stretching vibration of BOj- orthobo- 
rate group (1.5). This high energy phonon 
reduces the fluorescence lifetime by a rapid 
multiphonon decay process as in the 
NdAl,(BO,), (3). By glassification, although 
the energy of phonon did not change drasti- 
tally , the electron-phonon coupling 
strength, which is the intensity ratio of the 
phonon sideband to that of pure electronic 
transition, decreased drastically from 5 x 
lo-’ to 6 x 10-3. In the glass, the chemical 
bonding with the highest phonon energy is 

1 , I 1 I ’ I 

(b) 

502 

FIG. 5. Excitation spectra of Eu3’ : ‘D, --) ‘F2 emission: (a) crystal and (b) amorphous sample. The 
phonon sideband associated with ‘Dz + ‘F. electronic transition is observed at the higher energy side. 
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A13+ and Eu3+. However, it is plausible that for the “‘Eu-Mossbauer effect measurement. 

the network-modifying Eu3+ is placed near 
the nonbridging oxygen of 3B-0-. There- References 
fore, the phonon energy coupled with the 
multiphonon relaxation can be still about 
1300 cm-’ of 3B-0 rather than 4B-0 with 
lower phonon energy (-- 1100 cm-‘). As 
mentioned above, the electron-phonon 
coupling strength changed with structural 
change. This can be ascribed to two reasons. 
One is the decrease in the number of three- 
folded borons, which generates a decrease 
of the number of the 3B-0 bond. Another is 
the decrease of the mean free path of the 
phonon in amorphous structures. Further 
study is needed to clarify the structure of 
this amorphous as well as the electron- 
phonon coupling of rare earth ions. 

In conclusion, the present work revealed 
the huntite crystal EuAl,(BO,), can be vitri- 
fied by twin-roller quenching, accompa- 
nying the coordination change of A13+ and 
Eu3+ ions. The fluorescence properties of 
Eu3+ drastically changed under the same 
composition, i.e., the forbidden ‘Do + 7F0 
transition at D,,, symmetry became allowed 
by the structural change. Also, the electron- 
phonon coupling strength decreased in the 
amorphous state. 
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