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Abstract

Luminescent polymer (PMMA) containing a Eu(III) complex with a fast radiation rate and a high luminescence quantum efficiency
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75± 5%), (bis-triphenylphosphineoxide)(tris-hexafluoroacetylacetonato)europium(III) (Eu(hfa)3(TPPO)2), was fabricated. The quantu
ield and the radiation rate of the luminescent polymer were found to be 75± 5% and 1.1× 103 s−1, respectively. An Eu(III) complex
oped polymer thin-film was also prepared by use of polyphenylsilsesquioxane (PPSQ) to construct a waveguide lanthanide laser.
strategy for the molecular design of luminescent Eu(III) complexes aiming at lanthanide lasing.
2005 Elsevier B.V. All rights reserved.
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. Introduction

An organic medium incorporating lanthanide(III) com-
lex is promising for constructing functional devices such
s the polymer fiber laser, and the plastic thin-film laser.
specially, europium(III) complexes have been regarded to
e attractive for use as luminescent materials because of their
ed emissions (around 615 nm)[1]. Characteristic emissions
f Eu(III) complexes mainly come from electric dipole tran-
itions [2–13]. The red emissions from Eu(III) complexes
re attributed to four-levels transitions, therefore population

nversion in 4f orbitals is deadly available, which is a great
dvantage in the development of plastic laser applications

14–17].
A key goal in laser transmission and photo-induced ampli-

cation using Eu(III) complex is to achieve low transmission
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threshold levels for practical uses. Transmission thres
�Nth, can be expressed as,

�Nth = �N0

1 + 2BρsT
(1)

where�N0, B, ρs andT are the number of excited Eu(I
complexes (excitation energy), Einstein coefficient, en
density and relaxation time in cavity, respectively[2]. In order
to obtain low�Nth values, Eu(III) complexes that exhi
both high emission quantum yields and fast radiation r
are desirable luminescent materials. Thus, Eu(III) compl
should be designed to meet two criteria: (1) higher emis
quantum yields to increaseρs, (energy density) values and
faster radiation rates to produce largeB (Einstein coefficient
(EinsteinA coefficient = 8πhν3/c3 × B, hν = photon energy
c = light velocity) EinsteinA coefficient is transition rate o
spontaneous emission) values.

Here, we report a luminescent Eu(III) complex w
fast radiation rates and high luminescence quantum e
encies, (bis-triphenylphosphineoxide)(tris-hexafluoroac
925-8388/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2004.12.145



670 Y. Hasegawa et al. / Journal of Alloys and Compounds 408–412 (2006) 669–674

Fig. 1. Chemical structures of (a) Eu(hfa)3(TPPO)2, (b) PMMA and (c)
PPSQ.

acetonato)europium(III) (Eu(hfa)3(TPPO)2: Fig. 1a). The
high emission quantum yield of the Eu(III) can be achieved by
low-vibrational hexafluoroacetylacetonato ligands. In addi-
tion, the phosphine oxide ligands provide anti-symmetrical
structures promoting a faster radiation rate. We discuss char-
acteristics of the Eu(III) complex and luminescent poly-
mers in terms of emission properties. We have successfully
developed luminescent polymethylmethacrylate (PMMA:
Fig. 1b) containing the Eu(III) complex, which exhibited the
highest quantum yield and fastest radiation rate (quantum
yield = 75± 5%, radiation rate = 1.1× 103 s−1) among even
observed. The radiation rate of the Eu(III) complex in PMMA
is of the same order as those of Nd:YAG, etc. (radiation
rate≈ 1.5× 103 s−1).

Furthermore, we improved the Eu(III) thin-film using
polyphenylsilsesquioxane (PPSQ:Fig. 1c) polymer. A
Eu(III) thin-film patterning using a photoresist mask enables
construction of a waveguide laser. In addition, the waveg-
uide lanthanide(III) laser on the Si-wafer leads to poten-
tial applications for an optical computing device[18].
Here, we fabricated PPSQ thin-film containing the Eu(III)
complexes. The thin-film consists of a PPSQ contain-
ing the Eu(III) complexes. PPSQ is an inorganic poly-
mer with a ladder type structure of siloxane bonds as a
main chain and phenyl groups as side chain. As PPSQ has
also high optical transparency, PPSQ has been suggested
a uide
i by
h on
t hin-
fi act
l

2. Experiment

2.1. Apparatus

Infrared spectra used to identify the synthesized materials
were obtained with a Perkin-Elmer FT-IR 2000 spectrome-
ter. Elemental analyses were performed with a Perkin-Elmer
240C.13C and19F NMR data were obtained with a JEOL
EX-270 spectrometer.13C NMR chemical shifts were deter-
mined using tetramethylsilane (TMS) as an internal standard,
while 19F NMR chemical shifts were determined using hex-
afluorobenzene as an external standard (δ =−162.0 (s, Ar–F)
ppm).

2.2. Materials

Europium acetate monohydrate (99.9%), 1,1,1,5,5,5-
hexafluoro-2,4-pentanedione (hfa-H2) and triphenylphos-
phine oxide (TPPO) were purchased from Wako Pure
Chemical Industries Ltd. Methanol-d4 (CD3OD, 99.8%)
and DMSO-d6 (CD3SOCD3, 99.8%) were obtained from
Aldrich Chemical Company Inc. PPSQ (Mw = 5.2× 104)
was obtained from MITSUBISHI Electric Corporation[19].
All other chemicals were reagent grade and were used as
received.
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s a promising material for wafer-scale optical waveg
nterconnects[19]. The micro-cavity was constructed
igh refractive film of PPSQ (refractive index: 1.558)

he glass and Si-wafer substrate. The novel Eu(III) t
lm laser will likely generate new applications in comp
asers.
.3. Preparation of tris-(hexafluoroacetylacetonato)
uropium(III) dehydrates (Eu(hfa-H)3(H2O)2)

Europium acetate monohydrate (5.0 g, 12.5 mmol)
issolved in 20 ml of distilled water by stirring at 0◦C.
solution of 1,1,1,5,5,5-hexafluoro-2,4-pentanedione

3.6 mmol) in methanol (5 ml) was added dropwise to
bove solution. The mixture produced a precipitate of w
ellow powder after stirring for 3 h. The reaction mixtu
as filtered. The resulting white yellow needle crys
ere recrystallized in methanol/water. Yield: 95%, IR(KB
650 (st, C O), 1258–1145 (st, CF) cm−1. 19F NMR
CD3COCD3) δ =−72.80 (s, CF3) ppm. Anal. Calcd. fo
15H7O8F18Eu: C, 22.48; H, 0.88%. Found: C, 22.12;
.01%. Decomposition point: 220◦C.

.4. Preparation of tris-(hexafluoroacetylacetonato)
uropium(III) bis(triphenylphospine oxide)
Eu(hfa-H)3(TPPO)2)

The Eu(III) complex was characterized by1H and 19F
MR spectroscopy, IR spectroscopy, elemental analysi
ingle-crystal X-ray diffraction. Methanol (100 ml) conta
ng Eu(hfa-H)3(H2O)2 (4.28 g, 6 mmol) and triphenylpho
ine oxide (TPPO) (2.78 g, 10 mmol) were refluxed un
tirring for 12 h. The reaction mixture was concentra
sing a rotary evaporator. Reprecipitation by addition
xcess hexane solution produced crude crystals, w
ere washed in toluene several times. Recrystalliza

rom hot toluene/cyclohexane gave white needle cry
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([Eu(hfa-H)3]·2(TPPO)). Yield: 74%, IR(KBr): 1650 (st,
C O), 1250–1150 (st, CF), 1125 (st, PO) cm−1. 1H NMR
(CD3COCD3) δ = 7.6 (m, aromatic CH), 5.4 (s, c-H) ppm.
19F NMR (CD3COCD3) δ =−76.7 (s, C F) ppm. Anal.
Calcd. for EuC51H33O8F18P2: C, 45.96; H, 2.50%. Found:
C, 45.94; H, 2.57%. Decomposition point: 250◦C.

2.5. Preparation of polymethylmethacrylate (PMMA)
containing Eu(III) complex

Eu(III) complexes (0.1 mmol) were dissolved in 2 ml of
CD3OD. After degassing the solution, deuteration of the lig-
ands was carried out by exchange reactions via keto–enol tau-
tomerism in CD3OD for 6 h under vacuum. After evaporation
under vacuum (∼10−3 Torr), deuterated Eu(III) complex,
Eu(hfa-D)3(TPPO)2 was obtained as white yellow pow-
ders. Deuterated Eu(III) complex (0.05 M) was dissolved in
a 1 ml mixture of purified anhydrous methylmethacrylate
(MMA) and AIBN in a Pyrex tube (Eu(III) ion 0.7 wt%,
AIBN 0.05 wt% and DMSO-d6 6.6 wt%). The Pyrex tube
was sealed off under 10−3 Torr, and thermostated at 60◦C
for polymerization of MMA (samples 1, 2 and 4). After
polymerization, optical samples were ground using Al2O3
nanoparticles.

2.6. Preparation of PPSQ thin-films containing Eu(III)
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yield = 95± 5%) and rhodamine 6G in PMMA (Ex at 488 nm,
510–760 nm, emission quantum yield = 93± 3%) determined
by the present procedure agreed well with the reported values
[23].

Eu(III) thin-film was excited by the third harmonic
(355 nm) of a nanosecond Nd:YAG laser (B. M. industries
502DNS, 10 Hz, FWHM 9 ns, beam spot 5 mm). The optical
waveguide on the film was excited using a combination of a
cylindrical lens (f = 200 mm) and a concave lens (f = 100 mm)
(Fig. 3). Emission from the edge of thin-film was filtered by a
low-cut optical filter (Toshiba Glass L-39,λ > 365 nm) and a
monochromator (Jobin Yvon H-20 Vis) placed in front of the
detector (Photomultiplier: Hamamatsu Photonics R928). The
response of the photomultiplier was monitored using a digi-
tal oscilloscope (SONY Tektronics TDS540) synchronized
to the excitation pulse. Energy of the beam spot (excita-
tion energies of the samples) was measured by thermo-power
meter.

3. Results and discussion

3.1. Molecular design of luminescent Eu(III) complex

Creation of lanthanide(III) complexes with higher emis-
sion quantum yields is directly linked to suppression of
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Polymer matrix, PPSQ beads were dissolved in 5 m
nisole. The Eu(III) complex was then added to the solu
n Eu(III) thin-film was prepared on a glass substrate f

he anisole solution via the spin-coating method[20]. The
lm thickness was found to be 1.71�m using surface profile
Veeco Instruments Inc. DEK-TAK3).

.7. Optical measurements

Emission spectra were measured at room temper
sing a HITACHI F-4500 system. The spectra were corre

or detector sensitivity and lamp intensity variations. Em
ion lifetimes were measured with a Q-switched Nd:Y

aser (Spectra Physics, INDI-50, FWHM = 5 ns,λ = 1064 nm)
nd photomultiplier (Hamamatsu photonics, R7400U
esponse time≤0.78 ns). Nanosecond light pulses u
o excite the samples (λ = 465 nm, power = 0.1 mJ) we
enerated by a dye laser (USHO optical systems DL
ye = coumarin 120). Emissions from the samples w
ltered using a monochromator (Shimazu SPG-100
laced in front of the detector. Nd:YAG response
onitored with a digital oscilloscope (Sony Tektron
DS3052, 500 MHz) synchronized to the single pu
xcitation.

The Quantum yields were determined using a stan
ntegrating sphere (diameter 6 cm)[21,22]. Optical path
ength of the cell was 5 mm. The emission quantum yi
f OPP-3 (Ex at 285 nm, 300–450 nm, emission quan
adiationless transitions caused by vibrational excitation
urrounding media[24–27]. According to energy gap theo
28], such radiationless transitions are promoted by lig
nd solvents with high frequency vibrational modes. In

ier studies, we reported the suppression of radiation
uenching of Nd(III) systems by complexing Nd(III) w
-diketonato ligands composed only of low vibrational CD
nd C F bonds[26,27]. Suppression of such vibrational ex

ations in Eu(III) complexes requires deuteration of CH and
H bonds or replacement of CH bonds with C F bonds

n ligating molecules.
In contrast, radiation rates of Eu(III) complexes are lin

o geometric structure. If there is no inversion symm
t lanthanide ion sites, odd ligand field components
ix with opposite-parity states in 4fn-configuration levels
lectric-dipole transitions are then no longer strictly forb
en in the ligand fields, resulting in faster electron trans
adiation rates[2]. Eu(III) complexes with odd-parity ca
e created using certain geometrical and coordination s

ures. Coordination numbers of lanthanide ions in solu
re known to vary between 8 and 10 depending on the n
f the ligating molecules[29–31]. Generally, Ln(hfa-D)3
omplex has two coordinating water or solvent molecule
olution[32]. Eight-coordinate Eu(III) complex was synth
ized using [Eu(hfa-D)3] and two phosphine oxide molecul
rom coordination X-ray analysis, the geometrical struc
as determined to be an asymmetrical square-anti prism[33].
hosphine oxide ligands can produce anti-symmetrical s

ures that promote faster radiation rates. This result indi
hat Eu(hfa)3(TPPO)2 has no inversion center in the crys
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Fig. 2. (a) Emission spectrum of Eu(hfa)3(TPPO)2 in PMMA (Eu: 0.7 wt%).
The excitation at 465 nm is due to the7F0 → 5D2 transition. Spectra in (a)
were normalized with respect to the5D0 → 7F1 (magnetic dipole) transition.
(b) Emission decays profile of Eu(hfa)3(TPPO)2 in PMMA (Eu: 0.7 wt%)
shown on a logarithmic scale. Excitation at 465 nm (7F0 → 5D2) was caused
by a dye laser (coumarin 120).

field, resulting in an increase in electron transitions in the 4f
orbitals due to odd parity.

3.2. Emission properties in polymer

In order to examine photophysical properties of
Eu(hfa)3(TPPO)2 in PMMA, emission spectrum and emis-
sion lifetime were measured under the excitation at 465 nm

Fig. 4. Normalized time dependence of the emission from the Eu(III) thin-
film at edge of PPSQ thin-films including Eu(hfa)3(TPPO)2.

(7F0 → 5D2: f–f transition). Emission spectrum of Eu(III)
complex in PMMA is shown inFig. 2a. Emission bands
were observed at 578, 590, 613, 651 and 698 nm and were
attributed to f–f transitions5D0 → 7F0 (zero–zero band: for-
bidden transition),5D0 → 7F1 (magnetic dipole transition),
5D0 → 7F2, 5D0 → 7F3 and5D0 → 7F4 (electric dipole tran-
sitions), respectively. The spectrum shown inFig. 2a was
normalized with respect to the5D0 → 7F1 (magnetic dipole)
transition. Emission decay of Eu(III) complex in PMMA
was also measured (Fig. 2b). Single exponential decay emis-
sion suggests the presence of a single luminescent site in
PMMA and homogeneity of the sample. Emission lifetime
was determined from the slopes of logarithmic plots of the
decay profiles. Luminescent polymer with Eu(hfa)3(TPPO)2
exhibited the higher quantum yield (75± 5%) and faster
emission rate (1.1× 103 s−1) than those of corresponding
with other Eu(III) complexes[33]. The emission quantum
yield of the Eu(III) complex in acetone-d6 was found to be
>95%.

Fig. 3. Experimental set-up for ASE measuremen
ts of PPSQ thin-films including Eu(hfa)3(TPPO)2.
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Fig. 5. Relation between excitation energy and the fraction of the faster component. (a) Concentrations of Eu(hfa)3(TPPO)2 in PPSQ were 13 wt% (©), 23 wt%
(�), 37 wt% (♦) and 54 wt% (�). (b) Thickness of the films on the glass substrate were 0.47�m (©), 0.61�m (�), 0.76�m (♦), 1.05�m (�), 1.48�m (�)
and 2.03�m (�). Thickness of the Si-wafer was 2.03�m (�).

3.3. ASE properties

We carried out the amplified spontaneous emis-
sion (ASE) measurements of PPSQ thin-films including
Eu(hfa)3(TPPO)2 by use of Nd:YAG laser system (Fig. 3).
Fig. 4 shows the emission decay profiles observed at the
edge of the Eu(III) thin-film (Eu(hfa)3(TPPO)2: 37 wt%, film
thickness: 2�m). The emission lifetime measured at the
weakest excitation power (0.01 mJ) was found to be 0.650 ms,
which agreed well with the lifetime observed a top surface
of the Eu(III) complex in PPSQ (0.660 ms). The emission
decays at a strong excitation energy (given≥1 mJ) consisted
of a normal component (0.650 ms) and a fast component
(0.050 ms). The shape of the decay for the film top surface
excited at 10 mJ agreed well with that from the film edge
excited at 0.1 mJ. These observations suggest that the faster
component was due to ASE from the Eu(III) complexes in
the micro-cavity. The emission lifetimes were analyzed by a
least-squares fitting of the double exponential function. The
emission intensity is given by,

I = ae−bt + ce−dt (2)

where the fast lifetime and the slow lifetime are fixed at
0.050 ms (=−1/b) and 0.650 ms (=−1/d), respectively. The
fraction of the faster component is expressed by,

r

T po-
n
F s on
t nd
5 and
2 de-

pendent of the concentration and film thickness on the glass
substrate.

In order to make an effective photon confinement in
the polymer thin-films, we fabricated PPSQ thin-film with
Eu(III) complex on a Si wafer substrate. The ASE property
on the Si wafer was shown inFig. 5b. We observed enhance-
ment of the ASE property of Eu(III) complex thin-film on
the Si wafer (Fig. 5b). The enhancement of ASE might be
due to mirror effect of the Si wafer. We propose that effec-
tive micro-cavity is formed on the Si wafer surface. We are
now trying to fabricate the applied wave-guide cavity using
photo-resist pattern and Al evaporation technique.

In the lasing of lanthanide(III) ions, the narrowing of the
emission spectra and the changing of the branching ratio
between emission bands were not observed, because elec-
trically forbidden transition in f orbitals was not perturbed
by laser transmission[28]. In the future, the emission lines at
590, 615, 650 and 700 nm will be used for tuning the high-
power laser.

4. Conclusion

We report molecular design of luminescent Eu(III) com-
plexes for lanthanide lasing medium. Luminescent polymer
i m
y
i of
E Si-
w e Si
w put-
i rate
n

atio = a

a + c
(3)

he relation between the fraction of the faster com
ent and the excitation energy is shown inFig. 5. In
ig. 5a and b, we measured the ASE dependencie

he concentration of Eu(III) complex (13, 23, 37 a
4 wt%) and film thickness (0.47, 0.61, 0.76, 1.05, 1.48
.03�m). The ASE properties of the samples were in
ncluding Eu(hfa)3(TPPO)2 exhibited the highest quantu
ield (75± 5%) and fastest emission rate (1.1× 103 s−1)
n PMMA matrix. Enhancement of the ASE properties
u(III) complex in PPSQ thin-films was obtained on a
afer surface. The waveguide lanthanide(III) laser on th
afer leads to potential applications for an optical com

ng device. The Eu(III) thin-film laser is expected to gene
ew applications for high-power and compact lasers.



674 Y. Hasegawa et al. / Journal of Alloys and Compounds 408–412 (2006) 669–674

Acknowledgement

This work was supported partly by Grant-in-Aid for Scien-
tific Research No.15750155 from the ministry of Education,
Science, Sports and Culture.

References

[1] G. Blasse, B.C. Grabmaier, Luminescent Materials, Springer-Verlag,
New York, 1994, Review on luminescence behaviors.

[2] F. Gan, Laser Materials, World Scientific, Singapore, 1995, p. 70.
[3] L. Charbonniere, R. Ziessel, M. Guardigli, A. Roda, N. Sabbatini,

J. Am. Chem. Soc. 123 (2001) 2436.
[4] X. Yang, C. Su, B. Kang, X. Feng, W. Xiao, H. Liu, J. Chem. Soc.,

Dalton 19 (2000) 3253.
[5] H. Son, J. Roh, S. Shin, J. Park, J. Ku, J. Chem. Soc., Dalton Trans.

9 (2001) 1524.
[6] J.I. Bruce, R.S. Dickins, L.J. Govenlock, T. Gunnlaugsson, S. Lop-

inski, M.P. Lowe, D. Parker, J.J.B. Perry, S. Aime, M. Botta, J. Am.
Chem. Soc. 122 (2000) 9674.

[7] N. Fatin-Rouge, E. Toth, D. Perret, R.H. Backer, A.E. Merbach, J.G.
Buenzli, J. Am. Chem. Soc. 122 (2000) 10810.

[8] H. Tsukube, M. Hosokubo, M. Wada, S. Shinoda, H. Tamiaki, Inorg.
Chem. 40 (2001) 740.

[9] P.J. Skinner, A. Beeby, R.S. Dickins, D. Parker, S. Aime, M. Botta,
J. Chem. Soc., Perkin 2. 7 (2000) 1329.

[10] J.G. Bunzli, L.J. Charbonniere, R.F. Ziessel, J. Chem. Soc., Dalton
(2000) 1917.

[ W.

[ .V.
000)

[ 114.
[

[15] H. Samelson, C. Brecher, V. Brophy, Appl. Phys. Lett. 5 (1964)
173.

[16] T. Kobayashi, S. Nakatsuka, T. Iwafuji, K. Kuriki, N. Imai, N.
Nakamoto, C.D. Claude, K. Sasaki, Y. Koike, Y. Okamoto, Appl.
Phys. Lett. 71 (1997) 2421–2423.

[17] K. Kuriki, Y. Koike, Y. Okamoto, Chem. Rev. 102 (2002) 2347.
[18] M. Fujimura, T. Kodama, T. Suhara, H. Nishihara, IEEE Photonics

Tech. Lett. 12 (2000) 1513–1515.
[19] N. Yasuda, S. Yamamoto, S. Minami, H. Nobutoki, Y. Wada, S.

Yanagida, Jpn. J. Appl. Phys. 41 (2002) 624–630.
[20] T. Nagamura, in: V. Ramamurthy, K.S. Schanze (Eds.), Sensors and

Optical Switching, Molecular and Supramolecular Photochemistry
Series, vol. 7, Marcel Dekker Inc., New York, 2001, pp. 387–427
(Chapter 9).

[21] Y. Hasegawa, K. Sogabe, Y. Wada, T. Kitamura, N. Nakashima, S.
Yanagida, Chem. Lett. (1999) 35.

[22] Y. Hasegawa, K. Sogabe, Y. Wada, S. Yanagida, J. Lumin. 101 (2003)
235–242.

[23] M.L. Lesiecki, J.M. Drake, Appl. Opt. 21 (1982) 557.
[24] Y. Hasegawa, T. Ohkubo, K. Sogabe, Y. Kawamura, Y. Wada, N.

Nakashima, S. Yanagida, Angew. Chem. Int. Ed. 39 (2000) 357.
[25] Y. Wada, T. Okubo, M. Ryo, T. Nakazawa, Y. Hasegawa, S.

Yanagida, J. Am. Chem. Soc. 122 (2000) 8583.
[26] Y. Hasegawa, Y. Kimura, K. Murakoshi, Y. Wada, J. Kim, N.

Nakashima, T. Yamanaka, S. Yanagida, J. Phys. Chem. 100 (1996)
10201.

[27] Y. Hasegawa, K. Murakoshi, Y. Wada, S. Yanagida, J. Kim, N.
Nakashima, T. Yamanaka, Chem. Phys. Lett. 248 (1996) 8.

[28] G. Stain, E. Ẅurzberg, J. Chem. Phys. 62 (1975) 208.
[29] S. Aime, M. Botta, M. Fasano, E. Terreno, Chem. Soc. Rev. 27

(1998) 19.
[
[ . 99

[ , Y.

[ , S.
11] D.M. Epstein, L.L. Chappell, H. Khalili, R.M. Supkowski, W.De
Horrocks Jr., J.R. Morrow, Inorg. Chem. 39 (2000) 2130.

12] S.I. Klink, L. Grave, D.N. Reinhoudt, F.C.J.M. van Veggel, M.H
Werts, F.A.J. Geurts, J.W. Hofstraat, J. Phys. Chem. A. 104 (2
5457.

13] J.J. Lessmann, W.DeW. Horrocks Jr., Inorg. Chem. 39 (2000) 3
14] E.J. Schimitschek, E.G.K. Schwarz, Nature 196 (1962) 832.
30] C. Piquet, J.-C.G. B̈unzli, Chem. Soc. Rev. 28 (1999) 347.
31] P. Caravan, J.J. Ellison, T.J. McMurry, R.B. Lauffer, Chem. Rev

(1999) 2293.
32] M. Nakamura, R. Nakamura, K. Nagai, M. Shimoi, S. Tomoda

Takeuchi, A. Ouchi, Bull. Chem. Soc. Jpn. 59 (1986) 332.
33] Y. Hasegawa, M. Yamamuro, Y. Wada, N. Kanehisa, Y. Kai

Yanagida, J. Phys. Chem. A. 107 (2003) 1697–1702.


	Molecular design of luminescent Eu(III) complexes as lanthanide lasing material and their optical properties
	Introduction
	Experiment
	Apparatus
	Materials
	Preparation of tris-(hexafluoroacetylacetonato)europium(III) dehydrates (Eu(hfa-H)3(H2O)2)
	Preparation of tris-(hexafluoroacetylacetonato)europium(III) bis(triphenylphospine oxide) (Eu(hfa-H)3(TPPO)2)
	Preparation of polymethylmethacrylate (PMMA) containing Eu(III) complex
	Preparation of PPSQ thin-films containing Eu(III) complex
	Optical measurements

	Results and discussion
	Molecular design of luminescent Eu(III) complex
	Emission properties in polymer
	ASE properties

	Conclusion
	Acknowledgement
	References


