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Radiation rates and emission quantum vyields of Eu(lll) were modified using asymmetric deuterated Eu(lll)
complexes doped in poly(methyl methacrylate) (PMMA) deuterated tris-(hexafluoroacetylacetonato)europium-
(1 with phospine oxide in order to produce lowthreshold levels for laser transmission and amplifier emissions.
Geometric structures of asymmetric Eu(lll) complexes were determined by single-crystal X-ray diffraction
and Judd-Ofelt analysis. Luminescent polymers were fabricated by incorporating Eu(lll) complexes in a
PMMA matrix. Luminescent PMMA containing Eu(hfa-8DPFBPO) exhibited the highest quantum yield

and fastest radiation rate (quantum yied78 4 6%, radiation rate=1.2 x 10° s™1) of the PMMA matrixes.
Emission quantum yields of Eu(hfa-P(TPPO} in acetone-glwere found to be>95%. This radiation rate

is of the same order as values reported for Nd:YAG. Prepared luminescent polymers including Eg{hfa-D)
(TPPO-F), showed promising results for applications to novel organic Eu(lll) devices, such as organic liquid

lasers, plastic lasers, and optical fibers.

Introduction

Europium(lll) complexes have been regarded as attractive
for use as luminescent materials because of their red emission
(615 nm)! Characteristic emissions of Eu(lll) complexes mainly
come from electric dipole transitiodsTransition from the 4f
inner shell of free Eu(lll) is forbidden because it does not
correlate with the change of parity. However, transitions that
are forbidden by odd parity become partially allowed by mixing
4f and 5d states through ligand field effects of designed Eu(lll)
complexes. An important purpose of the studies described here
is to determine how electron transitions in Eu(lll) can be
manipulated by molecular design of Eu(lll) complexes. Because
red emissions from Eu(lll) complexes are attributed to level 4
transitions, population inversion in 4f orbitals is a great
advantage in the development of organic chelate laser and plasti
optical fiber applicationd* We have designed a Eu(lll) complex
with higher emission quantum yields and faster radiation rates
than conventional Eu(lll) complexes.

Eu(lll) complexes that exhibit both high emission quantum
yields and fast radiation rates are desirable luminescent material
for laser and fiber applications. Thus, Eu(lll) complexes are
designed to meet two criteria: (1) higher emission quantum
yields to increaseps (energy density) values and (2) faster
radiation rates to produce lar@e(Einstein coefficient) values
(see Appendix A).

To increase emission quantum vyields, it is first necessary to

suppress radiationless transitions caused by vibrational excita-

tions. According to energy gap thedrysuch radiationless
transitions are promoted by ligands and solvents with high-
frequency vibrational modes. In earlier studies, we reported the
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suppression of radiationless quenching in fluid Nd(l1l) systems
by complexing Nd(ll) withg-diketonato ligands composed only
of low vibrational G-D and G-F bonds®@ Suppression of such

Yibrational excitations in Eu(lll) complexes requires deuteration

of C—H and G-H bonds or replacement of-€H bonds with
C—F bonds in ligating molecules. Second, geometric structures
of Eu(lll) complexes should be 8 coordinate (square anti prism
structure) in order to achieve stronger electric dipole radiation.
Square anti prism structured Eu(lll) complexes are expected to
have increased radiation rates and quantum yields because of
increases ifDo — “F, emissions (electronic dipole transition),
related to odd parity. Phosphine oxide ligands can produce
antisymmetrical structures that promote faster radiation rates.
Furthermore, increased emission quantum yields of Eu(hfa-D)
(phosphine oxidg)can be expected, because coordination of
phosphine oxide molecules (1) prevents coordination of water
or solvent molecules and (2) lowers vibrations £P0:1125
cmY).

Here, we report studies into deuterated Eu(lll) complexes with

Sfast radiation rates and high luminescence quantum efficiencies

and fabrication of effective luminescent organic polymers by
incorporating luminescent Eu(lll) complexes into poly(methyl
methacrylate) (PMMA) matrixes. The complexes were deuter-
ated tris(hexafluoroacetylacetonato)europium(lil) with phospine
oxide (complext, Eu(hfa-D}(DPFBPO); complex2, Eu(hfa-
D)3(TPPO); complex4, Eu(hfa-D}(TPPOXDMSO-0s),), as
shown in Figure 1, which were designed using findings from
research into Nd(lll) complexes. Suppression of vibrational
excitations using complexes 2, and4 was more pronounced
than that reported for Eu(TTA(phospine oxide)because of
lower vibrational hfa-D ligand$We discuss characteristics of
Eu(lll) complexes and luminescent polymers in terms of
emission properties, Juddfelt analysis, and X-ray fine
structure analysis. We have successfully developed luminescent

© 2003 American Chemical Society

Published on Web 02/25/2003



1698 J. Phys. Chem. A, Vol. 107, No. 11, 2003

/R \ ~/o<¢
|Rz—P=0-1-(Euhl) -)c-D |
VooR | oc /

2 CF3 /3

1: Eu(hfa-D)3(DPFBPO); Ry = CgHs, R = CgHaF
2: Eu(hfa-D)3(TPPO), Ry and Ry = CgHs
4: Eu(hta-D)4(TPPO), (1) + DMSO-ds

CFQ\'\_
[ 0<C
@lll JCD | 200
| 0-C |

CFs /3

Hasegawa et al.

concentrated using a rotary evaporator. Reprecipitation by
addition of excess hexane solution produced crude crystals,
which were washed in toluene several times. Recrystallization
from hot toluene/cyclohexane gave white needle crystals ([Eu-
(hfa-H)]-2(TPPQ)). Yield: 74%. IR(KBr): 1650 (st,€0),
1250-1150 (st, G-F), 1125 (st, B=0) cnrL. IH NMR (CDs-
COCDs) 6 = 7.6 (m, aromatic &H), 5.4 (s, e-H) ppm.1°%F
NMR (CD3COCDs) 6=-76.7 (s, C-F) ppm. Anal. Calcd for
EuGsiH330gF1sP2: C, 45.96; H, 2.50%. Found: C, 45.94; H,
2.57%. Decomposition point: 25TC.

Preparation of Diphenyl-p-fluorobenzene-phosphine oxide
(DPFBPO). DPFBPO was obtained using the same method as
previously reported.White crystals. Yield: 30%H NMR

(CD3sCOCDy) 6 = 7.29-7.37 (m, aromatic €H, 1H), 7.5
7.82 (m, aromatic €H, 6H) ppm.°F NMR (CD:;COCDs) 6

= —106.37 (s, aromatic €F) ppm. Anal. Calcd for gGHis-
O1FPi: C,72.97; H, 4.76%. Found: C, 72.79; H, 4.87%. EIS-
MS=297.0 ((TPPG-F)H™).

Preparation of tris(Hexafluoroacetylacetonato)europium-
(1) bis(tri- n-butylphosphine oxide) (Eu(hfa-Hy(DPFBPOY),).
Eu(hfa-H}(DPFBPO) was obtained by the reaction of Eu(hfa-
acetoneds). Radiation rates of compleXin PMMA are of the H)3(H20), with TPPO-F in methanol at 70°C for 12 h.
same order as those of Nd:YAG, etc. (radiation rate5 x Recrystallization from hot toluene/cyclohexane gave white
10® s™Y). Luminescent PMMA appears to be the most suitable needle crystals (Eu(hfa-s(TPPO-F),). Yield: 53%. IR-
material for plastic laser or optical fiber applications. Conceptual (KBr): 1650 (st, G=0), 12606-1150(st, C-F), 1150-1100 (st,
design of Eu(lll) complexes and fabrication of luminescent P=0) cm . 'H NMR (CD3COCD;) 6 = 7.6 (m, aromatic
polymers is expected to open up pioneering fields in material C—H), 5.4 (s, &-H) ppm.1°F NMR (CD;COCD;) 6 = —76.7
science. (s, C-F), 0 = —106.37 (s, aromatic €F) ppm. Anal. Calcd
for EuGs1H330gF1sP2: C, 69.06; H, 5.07%. Found: C, 68.42;
H, 5.16%. EIS-MS= 1159.6 (Eu(hfa-Hy (TPPO-F),).

Apparatus. Infrared spectra used to identify synthesized  Crystallography. Colorless single crystals of compléwere
materials were obtained with a Perkin-Elmer FT-IR 2000 Mounted on a glass fiber using epoxy resin. X-ray diffraction
spectrometer. Elemental analyses were performed with a Perkin-nteénsities were collected with a Rigaku AFC-SR four-circle
Elmer 240C 13C and'%F NMR data were obtained with a JEOL  diffractometer using graphite-monochromated M t&diation
EX-270 spectromete3C NMR chemical shifts were deter- 1" @—20 scan mode. Corrections for decay and Lorentz-

mined using tetramethylsilane (TMS) as an internal standard, Polarization effects were made, with empirical absorption
whereas%F NMR chemical shifts were determined using corrections solved by direct methddand expanded using

hexafluorobenzene as an external standard=(—162.0 (s, Fourier technique¥ Non-hydrogen atoms were refined aniso-
Ar—F) ppm). tropically. Hydrogen atoms were placed in calculated positions

Materials. Europium acetate monohydrate (99.9%), 1,1,1,5,5,5- (¢—H 0.95 A) but not refined. The final cycle of full-matrix
hexafluoro-2,4-pentanedione (hfajHand triphenylphosphine Ieagt-squares refinement was bgsed on observed reflect.|ons and
oxide (TPPO) were purchased from Wako Pure Chemical variable parameters. AII_caIcuIat|ons were performed using the
Industries Ltd. Methanotl, (CDsOD, 99.8%) and DMSQis TEXSAN crystallographic software package.

(CDsSOCDs, 99.8%) were obtained from Aldrich Chemical Co. ~ Preparation of Deuterated Eu(lll) Complexes. Eu(lll)
Inc. All other chemicals were reagent grade and were used ascomplexes (0.1 mmol) were dissolved in 2 mL of &ID. After
received. degassing the solution, deuteration was carried out by exchange

Preparation of tris(Hexafluoroacetylacetonato)europium-  Féactions via keteenol tautomerism in CEDD for 6 h under
(Ill) Dehydrates (Eu(hfa-H) 3(H20),). Europium acetate mono- ~ Vacuum. After evaporation under vacuum1Q-2 Torr), deu-
hydrate (5.0 g, 12.5 mmol) was dissolved in 20 mL of distilled t€rated Eu(lll) complexes, Eu(hfa-8PPFBPO), Eu(hfa-D}-
water by stirring at 0C. A solution of 1,1,1,5,5,5-hexafluoro- ~ (TPPO}, and Eu(hfa-DYD-O),, were obtained as white yellow
2,4-pentanedione (7 g, 33.6 mmol) in methanol (5 mL) was Powders.
added dropwise to the above solution. The mixture produced a Preparation of Polymethylmethacryrate (PMMA) Con-
precipitation of white yellow powder after stirring for 3 h. The taining Eu(lll) Complexes. Deuterated Eu(lll) complex (0.05
reaction mixture was filtered. The resulting white yellow needle M) was dissolved in a 1-mL mixture of purified anhydrous
crystals were recrystallized in methanol/water. Yield: 95%. IR- methyl methacrylate (MMA) and AIBN in a Pyrex tube
(KBr): 1650 (st, G=0), 1258-1145 (st, CG-F) cm % 1°F NMR (Eu(iln) ion 0.7w%, AIBN 0.05w%, and DMS@6 6.6w%).
(CDsCOCD;) 6 = —72.80 (s, CE) ppm. Anal. Calcd for The Pyrex tube was sealed off underi@orr and thermostated
CisH/OgF1gEU: C, 22.48; H, 0.88%. Found: C, 22.12; H, at 60°C for polymerization of MMA (sampled, 2, and4).
1.01%. Decomposition point: 22@ (dehydration point:°C). For comparison, PMMA polymers incorporating DM&igand

Preparation of tris(Hexafluoroacetylacetonato)europium- Eu(hfa-D}(D20). or Eu(hfa-D}(TPPO) were similarly pre-

() bis(triphenylphospine oxide) (Eu(hfa-H) 5(TPPO),). Metha- pared (sample8 and5). After polymerization, optical samples
nol (100 mL) containing Eu(hfa-HjH20). (4.28 g, 6 mmol) were ground using ADs nanoparticles.

and triphenylphospine oxide (TPPO) (2.78 g, 10 mmol) was  Optical Measurements.Emission spectra were measured at
refluxed under stirring for 12 h. The reaction mixture was room temperature using a HITACHI F-4500 system. The spectra

3: Eu(hfa-D)4(Ds0)2
5: Eu(hfa-D)3(Dz0)z (5) + DMSO-dy
Figure 1. Chemical structure of samplds 2, 3, 4, and5.

PMMA using complext, which exhibited the highest quantum

yield and fastest radiation rate (quantum yietd78 + 6%,
radiation rate=1.2 x 10° s71) of PMMA materials ¢&95% in

Experimental Section
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TABLE 1: Selected Bond Length (A) for Complex 2

bond length/A bond length/A bond length/A bond length/A
Eul-0O1 241 O7P1 1.49 Cl6-C17 1.38 C34C35 1.38
Eul-02 2.39 08-P2 1.48 C17C18 1.39 C35C36 1.38
Eul-03 2.44 C18-C19 1.39 C36-C37 1.36
Eul-04 2.42 P+C16 181 C19-C20 1.35 C37#C38 1.38
Eul-05 241 P+C22 1.79 C26-C21 1.39 C38-C39 1.38
Eul-06 241 P1+C28 1.78 C2tC16 1.38 C39-C34 1.36
P2-C34 181 C22C23 1.37 C46-C41 1.37
Eul-0O7 2.32 P2-C40 1.78 C23-C24 1.39 C41C42 1.38
Eul-08 231 P2-C46 1.79 C24C25 1.34 C42-C43 1.34
C25-C26 1.34 C43-C44 1.35
01-C1 1.25 CtC2 1.38 C26-C27 1.38 C44C45 1.35
02-C3 1.26 C2-C3 1.37 C27C22 1.38 C45-C40 1.38
03-C6 1.24 C6-C7 1.39 C28-C29 1.38 C46-C47 1.40
04-C8 1.25 C?C8 1.36 C29-C30 1.37 C47C48 1.38
05-C11 1.24 C1%C12 1.38 C36-C31 1.33 C48-C49 1.37
06—-C13 1.24 C12-c13 1.38 C31c32 1.35 C49-C50 141
C32-C33 1.38 C56-C51 141
C33-C28 1.37 C5+C46 1.37
average of ErO1~6 2.41 average of ©P 1.48 average of €C 1.36 average of €C 1.38
average of EO7~8 2.31 average of PC 1.79

were corrected for detector sensitivity and lamp intensity transitions. The Eu(lll) complexes exhibited broad absorption
variations. Emission lifetimes were measuredwatQ switched peaks due tar—s* transitions in the ligands. JuddDfelt
Nd:YAG laser (Spectra Physics, INDI-50, fwhm 5 ns,A = analysis of Eu(lll) complexes was carried out using the—
1064 nm) and photomultiplier (Hamamatsu photonics, R7400U- °D, transition (465 nm). Concentration of the Eu(lll) complexes
03, response time 0.78 ns). Nanosecond light pulses used to in solvent was 0.05 M. Details of the analysis are described in
produce excitations in the samplds=% 465 nm, power= 0.1 Appendix B.

mJ) were generated by a dye laser (USHO optical systems DL- Semiempirical MO Calculations. Calculations of the charge
50, dye= coumarin 120). Emissions from the samples were distributions of DMSO and TPPO molecules were carried out
filtered using a monochromator (Shimazu SPG-100ST) placed by MOPAC ver.6.10 (MM2/PM3) using the CAChe system.
in front of the detector. Nd:YAG response was monitored with

a digital oscilloscope (Sony Tektronix, TDS3052, 500 MHz) Results

synchronized to the single pulse excitation.

Quantum yields were determined using a standard integrating
sphere (diameter 6 cr#}.Optical path length of the cell was 5
mm. Corrected intensity functions of the excitatidgd@res):
without sample) were determined by the excitation spectra of
the systemdes(4): without a sample, 450 nm 480 nm, scan
rate = 60 nm/min)

Geometrical Structure. The crystal structure of samp
was determined by single-crystal X-ray diffraction. Selected
bond lengths are listed in Table 1. Samf@econtained an
asymmetric structure with TPPO molecules as shown in Figure
2a. The two E&O bonds with TPPO ligands (2.32 and 2.31
A) were shorter than the six EtO bonds with hfa ligands
(2.39-2.44 A). From coordination site angles, the geometrical
& structure was determined to be an antisymmetrical square-anti
————04) Q) prism (Figure 2b). This result indicates that samplbas no
fgref(l) di inverted center in the crystal field, resulting in an increase in

electron transitions in the 4f orbitals due to odd parity. Crystal
In egs 1 and 2¢ is light intensities of excitation. Corrected  structures of TPPO ligands in sam@evere compared to those
intensity functions of light absorption with samplex(4san), of TPPO molecule$® Average bond lengths ofFO, P-C, and
were also determined from excitation spectra of the system (450C—C in sample2 were found to be 1.48, 1.79, and 1.37 A
nm — 480 nm, scan rate- 60 nm/min), whereas the corrected respectively, slightly shorter than those of TPPO molecules
intensity function of the emission was determined from emission (1.49, 1.80, and 1.39 A). TPPO ligands in sanieould also

I e><(/1 ref) =

spectra [em(4), 550 nm— 800 nm, scan rate= 60 nm/min). be affected by the coordination of Eu(lll).
Quantum yield®, was calculated from Emission Properties in Polymer.To examine photophysical
properties of Eu(lll) ions with various ligands in PMMA,
N fi| (1) dA emission spectra and emission lifetimes were measured for the
_ Nemission _ hce™ @) excitation at 465 nm7Fy — 3D,: f—f transition). Emission
Napsorption fi{l o) — 1ol I spectra of Eu(lll) complexes in PMMA are shown in Figure
hct ex\ref ex\sal 3a. Emission bands were observed at 578, 590, 613, 651, and

698 nm and are attributed to-f transitions®Dy — 7Fy (zero-

Quantum yields of OPP-3 (Ex at 285 nm, 30460 nm, zero band: forbidden transitiodDo — 7F; (magnetic dipole
emission quantum yielé= 95 4+ 5%) and Rhodamine 6G in transition),’Dy — “F,, Do — ’F3, and®Dy — “F4 (electronic
PMMA (Ex at 488 nm, 516760 nm, emission quantum yield  dipole transitions), respectively. Spectra shown in Figure 3a were
= 93 + 3%) determined by the present procedure agreed well normalized with respect to th#D, — “F; (magnetic dipole)
with reported value? transition.>Dg — 7F, transition intensities of samplésand 2

Judd—Ofelt Analysis. Absorption spectra of Eu(Ngx and were found to be the largest of the complexes used in our
Eu(lll) complexes were measured at room temperature using aexperiments. Emission decays of Eu(lll) complexes in PMMA
HITACHI U-3300 system. JuddOfelt analysis of Eu(Ng)s were also measured (Figure 3b,c). Single-exponential decay
in DMSO-d6 was carried out using~ — °D;—3 and’Fy — 5Lg emissions indicated the presence of a single luminescent site in
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Figure 3. (a) Emission spectra of samplg2, 3, 4, 5, and6 in PMMA

(Eu: 0.7 w%). The excitation at 465 nm is due to the — °D,
transition. Spectra in Figure 3a were normalized with respect to the
5Dy — “F1 (magnetic dipole) transition. (b and c) Emission decays
profile of sampledl, 2, 3, 4, 5, and6 in PMMA (Eu: 0.7 w%) shown

on a logarithmic scale. Excitation at 465 nfr(— D) was caused

by a dye laser (coumarin 120).

TABLE 2: Crystal Data, Data Collection, and Structure
Refinement for Complex 2

complex2
chemical formula EugiH3308F15P2
formula weight 1329.71
crystal system monoclinic
space group P2i/c (no. 14)
Figure 2. (a) ORTEP view of sampl&. (b) ORTEP view of samples A 13.3(1)
2 coordination sites. b/A 13,5(1)
c/A 30.5(1)
PMMA and homogeneity of the samples. Emission lifetimes pr 20.4(5)
. g y ples. Em VIA3 5475(59)
were determined from the slopes of logarithmic plots of decay 7 4
profiles. Emission lifetimes, quantum yields, and calculated T/°C 23.0
emission rates are summarized in Table 4. Luminescent polymer u(Mo Koj)fem™ _ 13.13
1 exhibited the highest quantum yield (28 6%) and fastest no. OI me.asure‘:lre‘;'.ec“ons 11%%261
emission rate (1.2« 10° s1) in PMMA matrix. °Dg — “F not. orunique refiections 0,019
transition intensities of Eu(lll) complexes with DMS@- R(an) 0.057 (0.062)

(samplet and5) were smaller than those of the corresponding
complexes without DMS@s (samplesl, 2, and 3). The
emission quantum yield of sampfin acetoned6 was found

TABLE 3: Judd —Ofelt Parameters of Eu(lll) Complexes in
Organic Solvents

to be >95%, whereas the quantum yield was calculated to be
99.2% using JuddOfelt analysis.

Discussion

Molecular Design.The creation of lanthanide(lll) complexes
with higher emission quantum yields is directly linked to
suppression of radiationless transitions caused by vibrational
excitations in surrounding medfaln contrast, radiation rates
of Eu(lll) complexes are linked to geometric structure. If there
is no inversion symmetry at lanthanide ion sites, uneven ligand
field components can mix with opposite-parity states in

Judd-Ofelt
paramete£22/
run complex matrix 1020 cn?
1 Eu(hfay(DPFBPO) acetone 27
2 Eu(hfa}(TPPO}) acetone 26
3 Eu(hfa}(H.0) acetone 15
4 Eu(hfa}(TPPO) DMSO 14
5 Eu(hfa}(H20), DMSO 13
6 Eu(NQG)s DMSO 1

longer strictly forbidden in the ligand fields, resulting in faster
electron transition radiation raté€u(lll) complexes with odd
parity can be created using certain geometrical and coordination

4f"-configuration levels. Electric-dipole transitions are then no structures.
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TABLE 4: Emission Quantum Yields, Emission Lifetimes, and Radiation Rates of Eu(lll) Complexes in Polymer Matrixed

run complex matri% emission quantum yield/% emission lifetime/ms radiation sat€Ps*
1 Eu(hfa-D}(DPFBPO) PMMA 78+ 6 0.67+ 0.005 12
2 Eu(hfa-D}(TPPO) PMMA 75+5 0.71+ 0.005 11
3 Eu(hfa-D}(D-0), PMMA 2345 0.41+ 0.005 5.6
4 Eu(hfa-DYTPPOYDMSO-d).*  PMMA 654 11 0.75+ 0.005 8.6
5 Eu(hfa-D}(DMSO-dg),° PMMA 46+ 3 0.86-: 0.005 5.3
6 Eu(hfa-D}(TPPO) acetoneds >95 0.94+ 0.005

2The emission quantum yields and lifetimes of the Eu(lll) complexes were measured by the excitation at 465 nPDf). Radiation rate=
emission guantum yield/emission lifetimeComposition of polymerization; Eu(lll), 0.7 w%; AIBN, 0.05 w%Composistion of DMSQis; 6.6

w%.

Coordination numbers of lanthanide ions in solution are vicinity of Nd(HFA-D)3, preventing radiationless transitions to
known to vary between 8 and 10 depending on the nature of D,O. However, formation of symmetrical 12-coordinate lan-

the ligating molecule! Generally, the Ln(hfa-B)complex has
two coordinating water or solvent molecules in soluiéhThe

thanide(lll) complex containing DMS@s molecules leads to
weaker electric dipole radiation, so that optical transmissions

8 coordinate Eu(lll) complex was synthesized using [Eu(hfa- are dominated by magnetic dipole transitions, which are
D)s] and two phosphine oxide molecules. MOPAC charges of forbidden by odd parity, resulting in a lower emission &te.
O atoms in TPPO (triphenylphosphine oxide) are found to be Lower electron transition rates in Eu(lll) complexes with
—0.80 by MO calculations. This indicates that the coordination DMSO-ds (samples4 and5) are due to the formation of more

ability of phosphine oxide is stronger than that of DMSO,
methanol, acetone, or.8 .54 Furthermore, structural analysis
by single-crystal X-ray diffraction indicates that Eu(lll) samples

1 and 2 maintain 8 coordinate (anti-square prism) structures,

resulting in faster radiation rates. Sampleand2 have more
allowed transitions than tri§-diketonato Eu(lll) complexes such
as sample3 because of odd parity.

Judd—Ofelt Analysis. Judd-Ofelt analysis is a useful tool
for estimating the population of odd parity electron transitibns.
Interaction parameters of ligand fields are given by the Judd
Ofelt parameters2,. In particular,Q2; is more sensitive to the

symmetrical structures, such as 12 coordinated.

The comparison of sampl2 with 6 is explained as being
due to radiationless transition via vibrational excitation eftC
bonds in the matrixes. The matrix effect for suppression of
vibrational exciation was investigated by using Eu(hfa-D)
(DMSO-dg)n.1* Emission efficiency of lanthanide(lll) lumines-
cent materials is depend on the percentage of H atoms. Weight
percentage of H atoms in the resulting PMMA system was
calculated to be 8.0%. To minimize the vibrational excitation
of C—H bond in the matrix, we attempted to polymerize
hexafluoroisopropyl methacrylate (FiPMA), i.e.,—€ bond

symmetry and sequence of ligand fields. To produce faster containing methacrylate, in the presence of Eu(HFA-&)d

Eu(lll) radiation rates, anti-symmetrical Eu(lll) complexes with
larger Q, parameters need to be design€l. parameters of
Judd-Ofelt analyses are shown in Table &, values of
Eu(hfa-D}(phosphine oxide)sampledl and?2) in acetone were
found to be 27x 1072° cn? and 26x 1072° cn respectively.
These values were larger than that of samplEu(hfa-D}-
(D20),, 15 x 10-20cn?. Comparison of2, parameters indicates
that electron transition probabilites in samplemnd2 are much
larger than those of sampl® in agreement with the faster
emission rates observed, as shown in Table 4. In con@iBst,
values of Eu(lll) complexes in DMSQ4( 14 x 10-2° cn? and
5, 13 x 10720 cnP) were smaller than those in acetone. We
propose that coordination of DMSO molecules to Eu(lll) ions
leads to a decrease &, and thus in the probability of electronic
dipole transitions.

Geometrical Structure and Emission Properties in PMMA.
Emission strengths of samplés2, 3, 4, and5 in PMMA are
in order of the degree of odd parity, in agreement with
predictions of JuddOfelt analysis. Comparison of emission

DMSO-ds. A transparent polyhexafluoroisopropyl methacrylate
(P—FiPMA) polymer matrix was obtained by polymerization
of FIPMA with 10% MMA. The system of Eu(HFA-BR)
(DMSO-dg) in P—FiPMA gave a quantum yield of 7& 7%,
which was much larger than those in PMMA (quantum yield
of 46%). The system of Eu(HFA-B(DMSO-Jg) in P—FiPMA

(the weight percentage of H atoms is 2.5%) was improved to
give an effectively luminescent organic polymer of Eu(lll). The
vibrational harmonic bands of Eu(HFA-BPMSO-0s), in
P—FiPMA was smaller than that in corresponding PMMA
because of a smaller amount of H atoms. This result suggests
that P-FiPMA matrix can suppress the radiationless transition
via vibrational excitation.

Comparison of samplelsand2 shows a slight predominance
of F atoms over H atoms in TPPO groups in terms of emission
quantum yields and radiation rates. There is a correlation
between emission analyses and Ju@delt analyses ofl and
2. The low-vibrational environment and antisymmetric form of
DPFBPO have an impact on electron transition rates. Lumi-

intensities demonstrates the importance of USing asymmetricalnescence properties of Compleﬂemonstrate the importance

molecules in luminescent material8Dy — ’F, transition

of partial fluorination. Further design and synthesis of partially

intensities and emission rates of Eu(lll) complexes with DMSO- fjyorinated ligands could lead to the creation of superlative

ds (samples4 and 5) were smaller than those of complexes
without DMSO4s (samplesl, 2, and 3), indicating that the

presence of DMS@s molecules leads to a decrease in the odd-

parity of Eu(lll) complexes.

Previously, we reported the highest emission quantum yields

of lanthanide(lll) in DMSOsds and polymer matrixes by the
formation of 12-coordinate lanthanide(lll) complex consisting
of three HFA-D ligands and six DMS@s moleculesa1!

luminescent materials.

Conclusion

Electron transitions of lanthanides can be manipulated by
ligand design. In this paper, we introduced molecular design
strategies for enhancing electron dipole transition rates. Quantum
yields of luminescent materials using fluorine polymer with

Deuterated DMSO molecules, which have a lower vibrational Eu(hfa-Dj(DPFBPO) are expected to be more than 90%.

structure (SO, 1355 cntl) and the strongest coordination
ability of the examined solvents, replacedmolecules in the

Sampled and2 do not affect the water, because the® ligand
with the strongest coordination ability suppress the approach
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