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ABSTRACT: Syntheses of novel luminescent Eu(III) coordination glasses 1
([Eu(hfa)3(o-dpeb)]2), 2 ([Eu(hfa)3(m-dpeb)]3), and 3 ([Eu(hfa)3(p-dpeb)]n)
are reported. They are composed of Eu(III) ions, hexafluoroacetylacetonato
(hfa) ligands, and unique bent-angled phosphine oxide (o-, m-, p-dpeb) ligands
with ethynyl groups. Their coordination structures and glass formability are
dependent on the regiochemistry of substitution in regard to the internal
benzene core. Single-crystal X-ray analyses and DFT calculation reveals
dinuclear, trinuclear, and polymer structures for Eu(III) coordination glasses
1, 2, and 3, respectively. Those compounds show characteristic glass-transition
(Tg = 25−96 °C) and strong luminescence properties (ΦLn = 72−94%).

■ INTRODUCTION

Amorphous inorganic and organic compounds have opened up
a new field of materials science.1−4 In particular, small organic
molecules that readily form amorphous solids are referred to as
“amorphous molecular materials”. They have recently attracted
attention as a novel class of functional materials with
characteristic processability, transparency, isotropic, and homo-
geneous properties for optical applications.5,6 π-Conjugated
organic molecules with stable amorphous glass structures above
room temperature have previously been investigated for use in
devices such as organic electroluminescence (EL) and field-
effect transistor (FET) devices.7,8 Shirota and co-workers
reported that various types of organic molecules with C3-
symmetric starburst triphenylamines, triarylbenzenes, and
tris(oligoarylenyl)boranes form stable amorphous solid and
show effective charge transfer abilities.9,10 Tian demonstrated
the remarkable glass-forming ability of small molecules with
electron-accepting 2-pyran-4-ylidenemalononitrile.11 Balcerzak
recently succeeded in synthesizing thermostable molecular
glasses composed of thiophene rings, diimide, and imine units
(Tg > 300 °C).12

In this study, we present a luminescent glass based on
lanthanide coordination complexes as a new class of amorphous
molecular material with 4f−4f emissions. Lanthanide complexes
are generally composed of lanthanide ions and π-conjugated
organic ligands.13,14 Their 4f−4f emissions are based on the
parity-forbidden transitions with small offset, which lead to
characteristic emission with high color purity and long emission
lifetimes.15−17 Excitation at the π−π* transition of organic
ligands also leads to effective photosensitized luminescence of

lanthanide complexes.18,19 In particular, lanthanide complexes
with β-diketonate ligands are well known for their strong
luminescence properties.20−24

Control of the molecular morphology, which dominates the
molecular motion and packing structure, is thus required to
construct amorphous lanthanide complexes. Bazan and co-
workers developed an amorphous Eu(III) complex by
introducing the hexyloxy groups in order to prevent their
crystallization.25 Generally, long alkyl chains in the Eu(III)
complexes improve their solubility and amorphous formability.
In contrast, the long alkyl chains and organic matrices including
high-vibrational frequency C−H bonds might have an effect on
the nonradiative relaxation of Eu(III) complexes.26,27 In order
to prepare an ideal amorphous lanthanide complex with strong
luminescence properties, we considered the importance of
specific molecular structures without long alkyl chains. The
specific ligand structure for lanthanide complexes may provide
formation of ideal amorphous and strong luminescence
properties. We previously reported crystalline Eu(III) com-
plexes linked with 1,2-, 1,3-, and 1,4-bis(diphenylphosphoryl)-
benzene ligands.28,29 Introduction of ethynyl groups into these
bridging ligands would be expected to suppress tight-binding
interactions and crystallization in assembled Eu(III) complexes,
while Eu(III) complexes with ethynyl groups show character-
istic two-photon absorption properties.30,31

In this study, the novel lanthanide complexes with
amorphous and strong luminescent properties are demon-
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strated. The lanthanide complexes are composed of Eu(III)
ions, low-vibrational frequency hexafluoroacetylacetonato
anions (hfa), and characteristic o-, m-, p-dpeb: 1,2-, 1,3-, and
1,4-bis(diphenylphosphorylethynyl)benzene) ligands (Figure
1). Ethynyl groups in the dpeb ligands play an important role

to prevent π−π and CH−π interactions, although phenylene-
linked joint ligands promote tight-packing structures between
the molecules.29,32 The morphological properties were
characterized using X-ray single-crystal structural analyses,
scanning probe microscope (SPM), and differential scanning
calorimetry (DSC) measurements. The luminescent properties
were estimated from the radiative and nonradiative constants
based on the emission quantum yields and emission lifetimes.
The amorphous lanthanide complexes with transparent glass
states, referred to as lanthanide coordination glass, exhibit
remarkable luminescence properties. The lanthanide coordina-
tion glasses are expected to open up a new field of material
science using strong luminescent thin films such as organic EL
devices.

■ EXPERIMENTAL SECTION
General Methods. All chemicals were reagent grade and used

without further purification. Infrared spectra were recorded on a
JASCO FT/IR-420 spectrometer. ESI-MS spectra were measured
using a JEOL JMS-T100LP and a Thermo Scientific Exactive. FAB-MS
spectra were recorded on a JEOL JMS-700TZ. Elemental analyses
were performed on a J-Science Lab JM 10 Micro Corder and an Exeter
Analytical CE440. 1H NMR (400 MHz) spectra were recorded on a
JEOL ECS400. 13C NMR (100 MHz) and 31P NMR (162 MHz)
spectra were recorded on a JEOL ECX400. Chemical shifts were
reported in δ ppm, referenced to an internal tetramethylsilane standard
for 1H NMR and internal 85% H3PO4 standard for 31P NMR.
Differential thermal analysis was performed on a Shimadzu DSC-60
Plus under an argon atmosphere at a heating/cooling rate of 5 °C
min−1. Surface observation was conducted by a Shimadzu SPM-9700.
1,2-Bis(diphenylphosphorylethynyl)benzene (o-dpeb). Trimethyl-

silylacetylene (3.4 g, 35 mmol) was added in one portion to a degassed
solution of 1,2-diiodobenzene (A, 2.0 mL, 15 mmol), Pd(PPh3)2Cl2
(0.5 g, 0.7 mmol), and CuI (0.5 g, 2.5 mmol) in diisopropylamine
(100 mL) at room temperature. The mixture was refluxed under argon
for 4 h, ammonium salt was removed by filtration, and the solvent was
evaporated in vacuo. The residue was purified by column
chromatography on SiO2 using hexanes as an eluent to afford 1,2-
bis(trimethylsilylethynyl)benzene.33 The resulting 1,2-bis-
(trimethylsilylethynyl)benzene (3.8 g, 14 mmol) was dissolved in
methanol (50 mL), and 1 M K2CO3 aqueous solution (35 mL, 35
mmol) was added. The mixture was stirred for 3 h. The product was

extracted with diethyl ether, washed with brine three times, and dried
over anhydrous MgSO4. The solvent was evaporated to afford 1,2-
diethynylbenzene (B).34 Compound B was dissolved in dry diethyl
ether (60 mL), and a solution of n-BuLi (19 mL, 31 mmol) was added
dropwise at −80 °C in ca. 15 min. The mixture was allowed to stir for
3 h at −10 °C, after which PPh2Cl (5.8 mL, 31 mmol) was added
dropwise at −80 °C. The mixture was gradually brought to room
temperature and stirred for 14 h. The product was extracted with
dichloromethane, washed with brine three times, and dried over
anhydrous MgSO4. The solvent was evaporated, and the obtained pale
yellow solid was placed with dichloromethane (50 mL) in a flask. The
solution was cooled to 0 °C, and then 30% H2O2 aqueous solution
(6.0 mL) was added to it. The reaction mixture was stirred for 2 h.
The product was extracted with dichloromethane; the extracts were
purified by column chromatography on SiO2 using ethyl acetate and
hexanes as mixed eluent (ethyl acetate: hexane = 2:1) to afford o-dpeb;
yield 2.3 g (29%). 1H NMR (400 MHz, CDCl3, 25 °C): δ 7.79−7.86
(m, 8H, −CH), δ 7.64−7.67 (m, 2H, −CH), δ 7.43−7.49 (m, 6H,
−CH), δ 7.35−7.41 (m, 8H, −CH) ppm. 13C NMR (100 MHz,
CDCl3, 25 °C): δ 133.8, 133.2, 132.4, 131.9, 131.0, 130.9, 130.6, 128.9,
128.8, 123.2, 102.3, 102.0, 88.6, 86.9 ppm. 31P NMR (162 MHz,
CDCl3, 25 °C): δ 9.17 (s, 2P) ppm. ESI-Mass (m/z): [M + H]+ calcd
for C34H25O2P2, 527.1; found, 527.1. Anal. Calcd for C34H24O2P2: C,
77.56; H, 4.59. Found: C, 77.99; H, 4.58.

1,3-Bis(diphenylphosphorylethynyl)benzene (m-dpeb). The 1,3-
diethynylbenzene (C, 1.8 g, 14 mmol) was dissolved in dry diethyl
ether (60 mL), and the mixture was degassed by Ar bubbling for 20
min. A solution of n-BuLi (19 mL, 31 mmol) was added dropwise to
the solution at −80 °C. The addition was completed in ca. 15 min,
during which time a yellow precipitate was formed. The mixture was
allowed to stir for 3 h at −10 °C, after which PPh2Cl (5.8 mL, 31
mmol) was added dropwise at −80 °C. The mixture was gradually
brought to room temperature and stirred for 14 h. The product was
extracted with dichloromethane; the extracts were washed with brine
three times and dried over anhydrous MgSO4. The solvent was
evaporated, and the obtained pale yellow solid was placed with
dichloromethane (50 mL) in a flask. The solution was cooled to 0 °C,
and then 30% H2O2 aqueous solution (6.0 mL) was added to it. The
reaction mixture was stirred for 2 h. The product was extracted with
dichloromethane; the extracts were purified by column chromatog-
raphy on SiO2 using ethyl acetate and hexanes as mixed eluent (ethyl
acetate:hexane = 2:1) to afford m-dpeb; yield 4.3 g (58%). 1H NMR
(400 MHz, CDCl3, 25 °C): δ 7.84−7.95 (m, 8H, −CH), δ 7.82 (s, 1H,
−CH), δ 7.67−7.70 (d, 1H, −CH), δ 7.64−7.66 (d, 1H, −CH), δ
7.47−7.62 (m, 12H, −CH), δ 7.38−7.46 (t, 1H, −CH) ppm. 13C
NMR (100 MHz, CDCl3, 25 °C): δ 136.3, 134.4, 133.3, 132.5, 132.0,
131.1, 131.0, 129.2, 128.9, 128.8, 120.9, 103.3, 103.0, 85.4, 83.7 ppm.
31P NMR (162 MHz, CDCl3, 25 °C): δ 9.01 (s, 2P) ppm. ESI-Mass
(m/z): [M + H]+ calcd for C34H25O2P2, 527.1; found, 527.1. Anal.
Calcd for C34H24O2P2: C, 77.56; H, 4.59. Found: C, 77.70; H, 4.64.

1,4-Bis(diphenylphosphorylethynyl)benzene (p-dpeb). 1,4-Bis-
(diphenylphosphorylethynyl)benzene (p-dpeb) was obtained using
the same method for m-dpeb, starting from 1,4-diethynylbenzene (D);
yield 4.8 g (65%). 1H NMR (400 MHz, CDCl3, 25 °C): δ 7.84−7.90
(m, 8H, −CH), δ 7.59 (s, 4H, −CH), δ 7.55−7.56 (d, 4H, −CH), δ
7.47−7.51 (m, 8H, −CH) ppm. 13C NMR (100 MHz, CDCl3, 25 °C):
δ 133.2, 132.7, 132.6, 132.0, 131.1, 131.0, 128.9, 122.2, 103.9, 103.6,
86.8, 85.1 ppm. 31P NMR (162 MHz, CDCl3, 25 °C): δ 9.06 (s, 2P)
ppm. ESI-Mass (m/z): [M + H]+ calcd for C34H25O2P2, 527.1; found,
527.1. Anal. Calcd for C34H24O2P2: C, 77.56; H, 4.59. Found: C,
77.52; H, 4.72.

[Eu(hfa)3(o-dpeb)]2 (1), [Eu(hfa)3(m-dpeb)]3 (2), and [Eu(hfa)3(p-
dpeb)]n (3). Phosphine oxide ligands (o-, m-, or p-dpeb; 0.21 g, 0.40
mmol) and Eu(hfa)3(H2O)2 (0.32 g, 0.40 mmol) were dissolved in
methanol. The solutions were stirred for 2 h at room temperature. The
solvent was evaporated, and the obtained white solid was washed with
chloroform and hexanes.

1: Yield 0.27 g (26%). IR (ATR) 1657 (st, CO), 1132 (st, P
O), 1093−1249 (st, C−O−C and st, C−F) cm−1. FAB-Mass (m/z):

Figure 1. Conceptual diagram of formation of Eu(III) coordination
glass.
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[M − hfa]+ calcd for C93H53Eu2F30O14P4, 2392.2; found, 2392.0. Anal.
Calcd for: C, 45.29; H, 2.09. Found: C, 45.05; H, 2.21.
2: Yield 0.34 g (22%). IR (ATR) 1657 (st, CO), 1142 (st, P

O), 1093−1258 (st, C−O−C and st, C−F) cm−1. FAB-Mass (m/z):
[M − hfa]+ calcd for C142H80Eu3F48O22P6, 3691.8; found, 3691.8. Anal.
Calcd for: C, 45.29; H, 2.09. Found: C, 45.34; H, 1.68.
3: Yield 0.39 g (75%; for monomer). IR (ATR) 1657 (st, CO),

1141 (st, PO), 1093−1249 (st, C−O−C and st, C−F) cm−1. FAB-
Mass (m/z): [M − hfa]+ calcd for C44H26EuF12O6P2, 1092.6; found,
1092.7. Anal. Calcd for: C, 45.29; H, 2.09. Found: C, 44.98; H, 2.18.
Optical Measurements. UV−vis absorption spectra were

recorded on a JASCO V-670 spectrometer. Emission and excitation
spectra were recorded on a HORIBA Fluorolog-3 spectrofluorometer
and corrected for the response of the detector system. Emission
lifetimes (τobs) were measured using the third harmonics (355 nm) of
a Q-switched Nd:YAG laser (Spectra Physiscs, INDI-50, fwhm = 5 ns,
λ = 1064 nm) and a photomultiplier (Hamamatsu photonics, R5108,
response time ≤ 1.1 ns). The Nd:YAG laser response was monitored
with a digital oscilloscope (Sony Tektronix, TDS3052, 500 MHz)
synchronized to the single-pulse excitation. Emission lifetimes were
determined from the slope of logarithmic plots of the decay profiles.
The emission quantum yields excited at 380 nm (Φtot) were estimated
using a JASCO F-6300-H spectrometer attached with JASCO ILF-53
integrating sphere unit (φ = 100 nm). The wavelength dependence of
the detector response and the beam intensity of the Xe light source for
each spectrum were calibrated using a standard light source.
Single-Crystal X-ray Structure Determinations. The X-ray

crystal structures and crystallographic data for complexes 1 and 3,
recrystallized from methanol, are shown in Figure 2 and Table 1.
Colorless single crystals of the complexes were mounted on a
MiTeGen micromesh using paraffin oil. All measurements were made
on a Rigaku RAXIS RAPID imaging plate area detector with graphite
monochromated MoKα radiation. Correction for decay and Lorentz-
polarization effects were made using empirical absorption correction,

solved by direct methods and expanded using Fourier techniques.
Non-hydrogen atoms were refined anisotropically. Hydrogen atoms
were refined using the riding model. The final cycle of full-matrix least-
squares refinement was based on observed reflections and variable
parameters. All calculations were performed using the crystal structure
crystallographic software package. The CIF data was confirmed by the
checkCIF/PLATON service. CCDC-1037529 (for complex 1) and

Figure 2. Perspective view of (a) complex 1 and (b) complex 3, showing 50% probability displacement ellipsoids.

Table 1. Crystallographic Data

complex 1 complex 3

chemical formula C98H54Eu2F36O16P4 C49H27EuF18O8P2
fw 2599.25 1299.63
cryst syst monoclinic monoclinic
space group P21/n (no. 14) P21/c (no. 14)
a (Å) 12.5432(9) 23.1941(10)
b (Å) 30.3644(15) 13.4114(5)
c (Å) 12.9212(9) 16.7226(6)
α (deg) 90.000 90.000
β (deg) 90.378(6) 91.6148(10)
γ (deg) 90.000 90.000
vol. (Å3) 4921.1(5) 5199.8(4)
Z 2 4
dcalcd (g cm−3) 1.754 1.660
temp (°C) 23.0 −150
μ (Mo Kα) (cm−1) 14.590 13.809
max 2θ (deg) 55.0 55.00
no. of reflns collected 48 310 49 124
no. of independent reflns 11 257 11 871
R1 0.0439 0.0420
wR2 0.0728 0.0998

aR1 = Σ||F0| − |Fc||/Σ|F0|. bwR2 = [Σw(F02 −Fc2)2/Σw(F02)2]1/2.
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CCDC 1037531 (for complex 3) contain the supplementary
crystallographic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre via www.
ccdc.cam.ac.uk/data_request/cif.
DFT Calculations. Due to the lack of structural data of Eu(III)

complex 2, Figure 3, the DFT calculation was carried out at the B3LYP

level with the basis sets SDD for Eu and 6-31G** for other atoms
using the Gaussian 09 program package.35−38 The ultrafine grid was
used for numerical integrations. A trimer structure was plausibly
assumed for this complex.

■ RESULTS AND DISCUSSION

[Eu(hfa)3(o-dpeb)]2 (1), [Eu(hfa)3(m-dpeb)]3 (2), and [Eu-
(hfa)3(p-dpeb)]n (3) were synthesized by complexation of
phosphane oxide ligands (o-, m-, p-dpeb) with Eu(hfa)3(H2O)2
in methanol for 2 h (Scheme 1). The single crystals of Eu(III)
complexes 1 and 3 are obtained by recrystallization from
methanol solution. On the other hand, they readily form
amorphous glasses when the melt samples are rapidly cooled.6

The structures of complexes 1 and 3 were determined by X-ray
single-crystal analyses (Figure 2a and 2b) to be eight-
coordinated structures with two phosphine oxide ligands (o-
dpeb or p-dpeb) and three hfa ligands.
Complex 1 forms a dinuclear structure composed of two

Eu(III) ions, six hfa, and two o-dpeb ligands (Figure 2a). The
dinuclear structure is fixed with intra- and intermolecular CH/F
interactions with distances of 2.63 and 2.74 Å, respectively
(Supporting Information, Figure S1). Complex 3 has a
coordination polymer structure with intra- and intermolecular
CH/F interactions (2.63 and 2.86 Å, respectively).
The selected distances and angles between the Eu and the O

atoms directly reflect the coordination geometry. Generally, the
coordination geometry of the lanthanide complex is categorized
to be an eight-coordinated square antiprism structure (8-SAP)
or a trigonal dodecahedron structure (8-TDH). On the basis of
the crystal data, we carried out the calculation of the shape
factor S39 in order to estimate the degree of distortion of the
coordination structure in the first coordination sphere. The S
value is given by

∑ δ θ= −
=

⎜ ⎟⎛
⎝

⎞
⎠S

m
min

1
( )

i

m

i i
1

2

(1)

where m, δi, and θi are the number of possible edges (m = 18 in
this study), the observed dihedral angle between planes along
the ith edge, and the dihedral angle for the ideal structure,
respectively. For complexes 1 and 3, the S values for 8-SAP
(point group D4d, S = 6.90°and 5.17°) are smaller than those
for 8-TDH (point group D2d, S = 11.1° and 13.5°), suggesting
that the 8-SAP structure is less distorted than the 8-TDH
structure. We thus determined that the coordination geometry
of complexes 1 and 3 are 8-SAP structure (Supporting
Information, Figure S2 and Tables S1 and S2). The FAB-MS
spectrum of complex 2 reveals a trinuclear structure,
Eu3(hfa)8(m-dpeb)3

+ (Figure 4a). The X-ray diffraction image
and patterns are similar to those for glass ceramics (Figure 4b
and 4c).40 A circular-shaped structure shown in Figure 3 was
obtained after the structure-optimization process.
SPM images of crystal surfaces for complexes 1, 2, and 3 are

shown in Figure 5. We observed several steps on the crystal
surface for complex 1, indicating the high crystallinity of the
dinuclear Eu(III) complex. Complex 2 has a smooth surface
based on the amorphous structure. We also found that the
Eu(III) coordination polymer complex 3 exhibited fiber-like
structures on the crystal surface. DSC measurements were
conducted to evaluate the thermophysical properties of the
Eu(III) complexes (Figure 6: argon atmosphere, heating/
cooling rate = 5 °C min−1). We successfully observed that the
thermograms of complexes 1 and 2 show endothermic peaks
based on the glass transition of amorphous molecules at 25 and
65 °C, respectively. Two glass-transition points were identified
for complex 3 at 46 and 96 °C. The characteristic glass-
transition phenomena exhibited by complexes 1, 2, and 3 are
very similar to those shown by previous amorphous organic
molecules. The bent angles of the dpeb ligands (60°, 120°,
180°) have an influence on the molecular morphologies and the
glass-transition points. We also consider that these glass-
transition phenomena of complexes 1, 2, and 3 may be caused
by the presence of ethynyl groups in the bent-angled dpeb
ligands, although Eu(III) coordination polymers composed of
phenylene-linked ligands with tight-packing structures have no
glass-transition points.28,29 The packing structures between the
Eu(III) coordination parts may be related to their glass-forming
ability.
Eu(III) complexes 1 and 3, recrystallized from methanol

solution, are slightly dissolved in organic solvents. The emission
spectra for complexes 1, 2, and 3 in the solid state are shown in
Figure 7a. Emission bands were observed at around 578, 591,
613, 650, and 698 nm and are attributed to the f−f transitions
of Eu(III) (5D0−7FJ: J = 0, 1, 2, 3, and 4, respectively). The
stark splitting energy of 5D0−7F2 is generally dependent on the
coordination geometry.28,41 The spectral shapes including the
stark splittings of complexes 1, 2, and 3 might be related to
their coordination geometry (Supporting Information, Figure
S4). Their time-resolved emission profiles of complexes 1 and 3
reveal single-exponential decays with millisecond scale lifetimes.
The emission lifetimes observed from the 5D0 excited level
(τobs) were determined from the slope of the logarithmic decay
profiles (Figure 7b). The emission lifetimes for complexes 1, 2,
and 3 were determined to be 1.03 ± 0.007, 1.00 ± 0.002, and
0.93 ± 0.012 ms, respectively. The 4f−4f emission quantum
yields (ΦLn) and the radiative (kr) and nonradiative (knr)

Figure 3. DFT-calculated structure of complex 2.
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constants were estimated (Table 2) using following equa-
tions42,43

τ
τ

Φ =
+

=
k

k kln
r

r nr

obs

rad (2)

τ
=

⎛
⎝⎜

⎞
⎠⎟A n

I
I

1

rad
MD,0

3 tot

MD (3)

τ
=k

1
r

rad (4)

τ τ
= −k

1 1
nr

obs rad (5)

where AMD,0 is the spontaneous emission probability for the
5D0−7F1 transition in vacuo (14.65 s

−1), n is the refractive index
of the medium (an average index of refraction equal to 1.5 was
employed44), and (Itot/IMD) is the ratio of the total area of the
corrected Eu(III) emission spectrum to the area of the 5D0−7F1
band. Complex 1 shows a large emission quantum yield (94%),
which is based on the large kr and small knr. The large kr for
complexes 1 and 3 (9.1 × 102 and 9.2 × 102 s−1) may be due to
enhancement of the electric dipole transition probability based
on their asymmetric coordination geometries, compared with
small kr for complex 2 (7.2 × 102 s−1). The characteristically
small knr for complex 1 with 60°-angled o-dpeb ligands may be
induced by the multiple intramolecular CH/F interactions in
the dinuclear structures (Figure 2a). The notable amorphous
form of luminescent complex 2 with 120°-angled m-dpeb
ligands is shown in Figure 7c. The amorphous complexes 1, 2,
and 3 with bent-angled dpeb ligands would be useful for new
application such as strong luminescent lanthanide glass.

■ CONCLUSION
In summary, we successfully controlled the morphological
properties of novel luminescent Eu(III) coordination glasses by
introducing unique bent-angled phosphine oxide ligands with
ethynyl groups. Their coordination structures and glass

Scheme 1. Synthetic Schemes of Phosphine Oxide Ligands and Eu(III) Complexesa

aReagents and conditions: (a) Pd(PPh3)2Cl2, CuI, Et3N, 25 °C then trimethylsilylacetylene, 60°C, reflux; (b) 1 M K2CO3, MeOH, 25 °C; (c) n-
BuLi, Et2O, −78 °C; then PPh2Cl, −78 °C; (d) H2O2, CH2Cl2, 0 °C; (e) Eu(hfa)3(H2O)2, MeOH, 25 °C.

Figure 4. (a) FAB-MS spectrum, (b) X-ray diffraction image, and (c)
X-ray diffraction patterns of complex 2.
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formability are dependent on the regiochemistry of substitution
in regard to the internal benzene core. These compounds show
characteristic amorphous phase and relatively strong emission.
When normal Eu(III) complexes with β-diketonate ligands
(absorption coefficient > 30 000 M−1 cm−1) are embedded in
polymer thin films (thickness = 0.1 μm, dopant concentration =
1 wt %), the absorbance of the films is estimated to be
approximately 0.003. On the other hand, absorbance of thin
films prepared from Eu(III) coordination glasses may be
estimated to be 0.3. These simple estimations for absorbance
indicate that Eu(III) coordination glass thin film would be
much brighter than those of polymer thin films including
normal Eu(III) complexes. We are presently evaluating the
electron- or hole-transporting properties of these complexes in
the glass state. Lanthanide complexes with glass-transition and

strong-luminescence properties, which can be processed at
ambient temperatures, are expected to open up a frontier field
of coordination chemistry, materials science, and molecular
engineering.
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Figure 5. SPM images, 1 μm × 1 μm and 250 nm × 250 nm, of
complexes 1, 2, and 3.

Figure 6. DSC profiles for complexes 1, 2, and 3 (dashed line, cooling
process; solid line, heating process).

Figure 7. (a) Emission spectra excited at 465 nm, and (b) decay
profiles of complexes 1, 2, and 3. (c) Photographs of complex 2 before
and after UV irradiation.

Table 2. Photophysical and Thermal Properties of Eu(III)
Complexes 1, 2, and 3 in the Solid State

photophysical properties

τobs
(ms)a

τrad
(ms)b

ΦLn
(%)b kr (s

−1)b knr (s
−1)b

Φtot
(%)c

complex 1 1.0 1.1 94 9.1 × 102 6.1 × 10 52
complex 2 1.0 1.4 72 7.2 × 102 2.8 × 102 44
complex 3 0.93 1.1 86 9.2 × 102 1.5 × 102 54
aEmission lifetime (τobs) of the Eu(III) complexes were measured by
excitation at 355 nm (Nd:YAG 3ω). bFrom calculation using eqs 2−5.
cTotal emission quantum yield (excited at 380 nm).
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