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A novel sol-gel derived hybrid material (classed as Eu-DBM-Si) covalently grafted with Eu(DBM-
OH);3-2H,0 (where DBM-OH =o0-hydroxydibenzoylmethane) was prepared through the primary
B-diketone ligand DBM-OH. All the synthesized ligands were characterized by 'H NMR, elemental anal-
yses and Fourier transform infrared spectra (FTIR). The resultant Eu-DBM-Si material exhibited good
transparent and homogenous property. Compared to the Eu-DBM hybrid prepared by physically doped
silicon dioxide with Eu(DBM-0H)3-2H,0, the Eu-DBM-Si hybrid presented more efficient ligand-to-Eu3*
energy transfer and a significant improvement in the measured emission quantum yield. Furthermore,
the photophysical properties of these hybrid materials, such as the photoluminescence (PL) spectra, PL
intensities, symmetry properties, lifetime decays, and Judd-Ofelt parameters were also investigated in

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Luminescent lanthanide complexes are interesting materials
not only due to their academic importance but essentially to a
variety of potential technological applications, such as in fluo-
roimmunoassays, spectroscopic structural probes in biologically
important systems, lasers, optical amplification and organic light-
emitting diodes [ 1-5]. The intrinsic photophysical properties of the
trivalent lanthanide ions, such as line-like emission spectra, high-
luminescence quantum efficiency, and large Stokes shifts [6-9],
enable them as ideal candidates as emitting centers for those appli-
cations. However, lanthanide complexes have been excluded so far
from practical applications essentially owing to their poor thermal
stabilities under heating or moisture and low mechanical strength
[10]. In order to overcome these drawbacks, lanthanide complexes
have been incorporated into inert host matrices, for example, silica-
based materials [11-22], polymers [23-27] or liquid crystal [28-31],
forming the so-called “organic-inorganic hybrid materials”. The
sol-gel method is an attractive technique for preparing these
organic-inorganic hybrid materials combining the inorganic and
organic precursor components at the nanometer scale [32,33]. The
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sol-gel derived organic-inorganic hybrid materials can thus exhibit
excellent mechanical properties and good thermal and photo sta-
bilities [34-39].

Up to now, two main approaches have been proposed to incorpo-
rate lanthanide complexes into sol-gel derived materials: (i) direct
dissolution of the complex into the hybrid host or its in situ synthe-
sis during the sol-gel process through weak physical interactions
(van der Waals force, hydrogen bonding, or weak static effect)
[18,19,40]; (ii) covalent grafting of the complex into the sol-gel
matrix through hydrolysis and condensation of double functional
trialkoxysilyl units [ 14,15,20-22]. In the first strategy it is difficult to
obtain a uniform distribution of the lanthanide complex due to their
low solubility and/or poor stability in the sol-gel precursor solu-
tions, while transparent, homogeneously dispersed and monolithic
composites can be obtained and the self-quenching resulting from
concentration effects can be avoided through the second approach.
Therefore, a large degree of attention was presently devoted to
attaching the lanthanide complex with sol-gel derived host struc-
tures by covalent bonds. Ternary lanthanide (III) complexes with
[-diketones have been usually linked to sol-gel derived matrices
hydrolyzing and condensing the double functional synergic lig-
and, such as 1,10-phenanthroline [14,15,41,42] and 4, 4'-bipyridine
[20,22], and then binary [-diketone complexes are introduced by
ligand exchange reactions. Obviously, it can not be assured that all
the binary lanthanide complexes are grafted into the functionalized



http://www.sciencedirect.com/science/journal/10106030
http://www.elsevier.com/locate/jphotochem
mailto:hongjie@ciac.jl.cn
dx.doi.org/10.1016/j.jphotochem.2008.08.016

X. Guo et al. / Journal of Photochemistry and Photobiology A: Chemistry 200 (2008) 318-324 319

host matrix through covalent bonds (perhaps part of the binary
lanthanide complexes is introduced by simple physical methods,
leading to their relatively inhomogeneous distribution). Thus, the
direct covalent grafting of the primary ligand [3-diketones into the
inorganic host matrix may overcome the disadvantages of the above
approach. To the best of our knowledge, the method of covalently
bonded sol-gel matrices with modified primary (3-diketones lig-
ands, such as dibenzoylmethane (DBM), has rarely been reported
in the open literature so far.

In the present paper, we report the synthesis of a europium
complex functionalized sol-gel hybrid in which DBM-OH was
covalently bonded to the matrix framework through hydrol-
ysis and condensation of modified DBM-OH o0-(O-3-(trieth-
oxysilyl)propyl)aminocarbonyl-dibenzoylmethane (DBM-Si) and
tetrethoxysilane (TEOS) in the presence of lanthanide ions (in
situ approach). The resultant Eu-DBM-Si organic-inorganic hybrid
materials display excellent homogeneousness and transparence
and their luminescence properties were improved in comparison
with the physically doped Eu-DBM hybrid.

2. Experimental
2.1. Materials

3-(Triethoxysilyl)-propyl  isocyanate  (ICPTES, Aldrich),
o-hydroxyacetophenone, benzoyl chloride (A.R. grade, Shang-
hai, China), tetraethylorthosilicate (TEOS, Beijing, China),
potassium hydroxide (KOH), hydrochloric acid (HCl) and N,N-
dimethylformamide (DMF) were commercially available and used
without further purification. Petroleum ether and triethylamine

were desiccated with anhydrous calcium chloride and sodium
hydroxide for several days prior to use, respectively. Pyridine
was distilled after desiccation with KOH for 24 h. Tetrahydrofu-
ran (THF) was stirred with sodium-benzophenone and distilled.
Ethanol (EtOH) was distilled after desiccation with calcium oxide.
Europium (III) chloride (EuCl3-6H,0) was obtained by reaction
of europium oxide (Eu;03, 99.99%, Shanghai, China) with HCI
and dissolved in EtOH. Distilled water was used throughout the
experiments.

2.2. Synthesis of DBM-Si

The schematic diagram of synthetic procedure for the original
material DBM-OH and other products is shown in Scheme 1.

DBM-OH was synthesized according to the method described
in literature [43], which was characterized by 'H-NMR and FTIR
spectra. '"H NMR (CDClz, 400 MHz) 8§ (ppm): 15.65 (1H, s, OH of
enol), 12.09 (1H, s, OH of hydroxybenzene), 7.91-8.02 (2H, dd,
ArH), 7.73-7.87 (1H, dd, ArH), 7.39-7.64 (4H, m, ArH), 6.99-7.08
(1H, d, ArH), 6.91-6.99 (1H, m, ArH), 6.87 (1H, s, CH of enol). FTIR
(KBr,cm~1): 1607, 1573 and 1489. Elemental analysis: calculated: C,
75.00%; H, 5.00%. Found: C, 74.89%; H, 5.09%. DBM-Si was prepared
as follows: triethylamine (10 mmol) and ICPTES (15 mmol) were
added under nitrogen to a solution of DBM-OH (10 mmol) in anhy-
drous THF (10 mL). The mixture was heated under reflux for 24 h.
Then, the mixture was added dropwise into petroleum ether under
stirring by glass rod. The resulting white precipitate was filtered
off, washed with petroleum ether for 4 times and dried at 50°C in
vacuum for 10 h. DBM-Si was also characterized by TH-NMR spec-

(a) (b) (|‘.|)
o o OH 0 0-C-NH-CH,CH,CH,-Si(OCH,CH3)3
ICPTES / THF
triethylamine
DBM-OH DBM-Si
EtOH EitOH
TEOS TEOS
H,O /H" H,O /H"

b 4; I (ln (': <5 4 4 zH (\ )

»8-O-0mtim 0 Ao, 4km.n—~‘,._u_] ~o-3i-0-diodi-odi-o_

7L
b s Ty 4L

4).:‘,1»[—“-\;4 »—?.—4 xjﬂ;

9 o o-
oS
o
J.
”'1"“- o OH
¢
! \l/
B )
& Eu?*
!
4;—7):4»_ EM’/ \
d B
oo
4
—o-dio- =
§
~0=Si=0=
(‘)
) OH
i
! ! | 4
g 44 470 4 e “
41-&\ (,-},—u-\r— -\I-[km 0= NIx'” NIN'“_‘" 4 : Ny o ‘< \/”'{I'“—
1 & (:, ¢ Q :ll ‘/(( ,\({ \f)}‘ \!)
1
-0=5i=0-51-0=, 1\;.4).«4)—?-(:ﬁs\-0 ?ﬁs-m\)\( 1 SN0 3 ,' N
¢ o 3 ,§ e
d y:
i "t:

Scheme 1. Schematic diagram of synthetic procedure and the possible structures for the hybrid materials Eu-DBM (a) and Eu-DBM-Si (b).
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trum. 'H NMR(DMSO, 400 MHz) § (ppm): 16.12 (1H, s, OH of enol),
8.40 (1H, t, NH), 8.13-8.17 (1H, dd, ArH), 7.90-7.93 (3H, m, ArH),
7.80-7.82 (1H, d, ArH), 7.57-7.65 (5H, m, ArH and CH of enol), 3.77
(6H, q, OCH;), 3.08 (2H, q, NCH>), 1.46 (2H, quint, CH,), 1.20 (9H, t,
CH3),0.53 (2H, t, SiCH,). Elemental analysis: calculated: C, 61.60%;
H, 6.78%; N, 2.87%. Found: C, 61.52%; H, 6.75%; N, 2.92%.

2.3. Synthesis of the matrix, hybrid materials covalently bonded
with europium complex ligand (Eu-DBM-Si (x)) and hybrid
materials physically doped with Eu(DBM-OH )3-2H,0 complex
(Eu-DBM)

A series of Eu-DBM-Si (x) hybrid materials (x = 0.25%,0.5%, 0.75%,
1.0%, where x is the molar ratio of Eu3*/(TEOS + DBM-Si)) in situ syn-
thesized via sol-gel process were prepared as follows: the molar
ratio of TEOS:EtOH:H,0 (0.01 M HCl) in original solution was 1:4:4.
Then an appropriate amount of DBM-Si was introduced into the
solution. Upon resulting a clear sol, EuClz ethanol solution was
added with a molar ratio of Eu3*:DBM-Si = 1:3. The mixed solution
was agitated magnetically for several hours at room temperature
to obtain a single phase, and then transferred to a plastic container
with some holes on the cover. The sol converted to colorless trans-
parent monolithic gel after several days of gelation at 40°C. When
Eu ion was not added in the precursor solution, we got the matrix
material, designated as DBM-Si. The synthesis procedure for Eu-
DBM was similar to that of Eu-DBM-Si except DBM-OH instead of
DBMS-Si. The possible structures for the hybrid materials Eu-DBM
(a) and Eu-DBM-Si (b) were also shown in Scheme 1.

2.4. Synthesis of Gd(DBM-0OH)3-2H,0 and Gd(DBM-Si)3-2H,0
complexes

At room temperature, 3mmol of DBM-OH was dissolved in
a certain amount of anhydrous ethanol. Then 1 mmol of GdCl;
ethanol solution was added under stirring for 5h. The yellow
powder was filtered and washed with ethanol. The resulting
Gd(DBM-0H)3-2H,0 was dried at 60°C under vacuum overnight.
The synthesis method of Gd(DBM-Si)3-2H,0 was similar to the
above procedure. The obtained power was dissolved in anhydrous
DMF for characterization.

2.5. Characterization

Diffuse reflection UV-visible (DR UV-vis) spectrum was
acquired from Hitachi F-4100 with tungsten and deuterium lamps.
Fourier transform infrared spectra (FTIR) were measured on a
Bruker Vertex 70 Spectrophotometer within the wavenumber
range 4000-400 cm~! at a resolution of 4cm~! using KBr pressed
pellet technique. TG analysis was performed on an SDT 2960 ana-
lyzer (Shimadzu, Japan) from 45 to 900°C at a heating speed of
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10°C/min under air atmosphere. The fluorescence excitation and
emission spectra were recorded on a JY FL-3 spectrophotometer
equipped with a 450 W Xenon lamp as an excitation source. Lumi-
nescence lifetime was measured with a Lecroy Wave Runner 6100
Digital Oscilloscope (1 GHz) using different wave-number lasers
(Continuum Sunlite OPO with pulse width=4ns) as an excitation
source. The low temperature phosphorescence spectrum of Gd3*
complex was measured on a Hitachi F-4500 spectrophotometer at
liquid nitrogen temperature (77 K). The PL quantum yield (®) was
measured with an integrating sphere (Power Technology Inc.) using
a325nm HeCd laser (Kimmom, Japan) as an excitation source. Ele-
mental analyses of carbon, hydrogen, and nitrogen were carried out
on a VarioEL analyzer.

3. Results and discussion

3.1. In situ synthesis of hybrid materials either covalently linked
or physically doped with europium B-diketonate complex

During the conversion process of sol to xerogel, the binary
europium complex with DBM was in situ synthesized accompanied
with the evaporation of residual HCl and ethanol. Finally, within
the investigated concentration of europium complex, monolithic
gels with good transparency were obtained. Under UV irradiation,
the resultant hybrid materials Eu-DBM-Si and Eu-DBM exhibit the
characteristic emission of Eu3* ion. The photographs for Eu-DBM-Si
(0.5%) before and under UV irradiation are shown in Fig. 1.

3.2. FTIR spectra

The FTIR spectra of ICPTES (a), DBM-Si (b), Eu-DBM-Si (0.5%)
(c) and Eu-DBM (d) are shown in Fig. 2. In Fig. 2a and b, the dis-
appearance of peak at 2273 cm~! (v, -N=C=0) and emergence of
bands at 1647 cm~! (v, 0=C—NH), 1397, 1571 cm~! (§, C—N), 1535,
3266 cm~1(v, N—H) and 1632cm~! (v, C=0) indicate the success
of the grafting reaction [21,41]. Moreover, the spectrum of DBM-
Si is dominated by 1191 cm~! (v, C—Si) and 1070 cm~! (v, Si—OEt)
absorption bands, characteristic of trialkoxysilyl functions. In Fig. 2c
and d, the formation of Si—O—Si framework is evidenced by the
bands located at 1075, 1080cm™~! (vas, Si—0—Si), 793, 795cm™!
(vs, Si—0—Si) and 449, 455 cm™! (§, Si—0—Si) (v = stretching, § =in-
plane bending, s =symmetric and as =asymmetric vibrations). The
existence of B-diketone can be confirmed by 1566, 1626 cm™! (v,
C=0, the latter only seen in Fig. 2d), 1449, 1454cm~! (v, C=0 or §,
C—H) and 1483, 1486 cm~! (pv, C=C) (¢ =phenyl vibrations). The
peaks at 1638, 1540 and 1397 cm™!, originating from C=0, N—H
and C—N of the —CONH— group of DBM-Si, can still be observed
in Fig. 2¢, indicating the fact that DBM-Si remains intact after the
hydrolysis/condensation reaction.

(b)

Fig. 1. Photographs of Eu-DBM-Si (0.5%) without UV irradiation (a) and under UV irradiation (b).
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Fig. 2. FTIR spectra of ICPTES (a), DBM-Si (b), Eu-DBM-Si (0.5%) (c) and Eu-DBM
(0.5%) (d).

3.3. Antenna effects

The excitation spectrum of the resulting Eu-DBM-Si hybrid
(detected at 612 nm) and DR UV-vis absorption spectrum of DBM-
Si are shown in Fig. 3. It can be clearly seen that there is a large
overlap between the excitation band of Eu-DBM-Si (Fig. 3a) and
the absorption band of DBM-Si (Fig. 3b), which suggests that the
central Eu3* ion in Eu-DBM-Si can be efficiently sensitized by the
ligands, an “antenna effect” [44-48].

In order to further investigate this efficient ligand-to-metal ion
energy transfer, the triplet state energy levels of the DBM-OH
and DBM-Si ligands were both measured (the energy transfer is
based on the energy difference between the triplet state of the
ligand and the resonance energy level of the central lanthanide
ion). Sato et al. reported that too large or too small energy dif-
ferences decrease the efficiency of the ligand-to-metal energy
transfer [47,49-51]. The suitable energy difference for an efficient
ligand-to-Eu3* intramolecular energy transfer lies in the range of
500-2500cm~! [49]. The triplet state energy levels of DBM-OH

Intensity (a.u.)

200 250 300 350 400 450 500

Wavelength (nm)
Fig. 3. DR UV-vis absorption spectrum of DBM-Si (a, dashed line) in the solid; exci-

tation spectrum for Eu-DBM-Si (0.5%) (b, solid line) detected at 612 nm in the solid.
All spectra are normalized to a constant intensity at the maximum.
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Fig. 4. PL spectra of Gd(DBM-OH)3-2H;0 (a, Aex =305 nm, solid line) and Gd(DBM-
Si)3-2H,0 (b, Aex =310 nm, dotted line) at 77 K in 1.0 x 10~4 M DMF solution.

and DBM-Si ligands were determined from the phosphorescence
spectra of the respective Gd3* complexes owing to their enhanced
phosphorescence-fluorescence ratio (®p/®¢>100) compared to
those of other lanthanide chelate complexes at 77 K under UV exci-
tation [47]. The corresponding phosphorescence emission spectra
are displayed in Fig. 4, which are excited at 305 and 310 nm, respec-
tively. The triplet state energy levels are determined from the
corresponding shortest-wavelength phosphorescence band (21,186
and 20,325cm™!, respectively), which is assumed to be the 0-0
transition of the ligand. In addition, the resonance °D; energy level
of Eu3* is 19,020 cm~"! [41,50]. Therefore, the energy differences
between the triplet state energy levels of DBM-OH and DBM-Si and
the >D; level are 2166 and 1305 cm™!, respectively. According to the
luminescence theory of lanthanide complexes, the ligands DBM-OH
and DBM-Si can both efficiently sensitize the luminescence of the
central Eu3* ions. Whereas, it is also worth noting that the energy
difference between the triplet state energy level of DBM-Si ligand
and the >D; level of Eu3* ion is able to be comparable with that
between the traditional ligand 4,4,4-trifluoro-1-(2-thienyl)butane-
1,3-dione (TTA) and the D, level of Eu3* ion [47]. As well known,
TTA is an efficient sensitizer for the luminescence of central Eu3*
ion, which can efficiently transfer the energy to Eu3* ion. There-
fore, we might conclude that the intramolecular energy transfer
between the DBM-Si ligand and the Eu3* ion is more efficient
than that between DBM-OH and Eu3* ion, which indicates that the
DBM-OH functionalization contributes to the improvement of its
sensitive efficiency, relatively to Eu3*. This is in satisfactory agree-
ment with the results of the luminescence section.

3.4. Doping concentration selecting of europium complex

In order to select a suitable doping concentration of europium
complex in silicon dioxide matrix, different concentrations of EuCls
and DBM-Si were incorporated into solid matrice in the range of
0.25-1.0% (molar ratio of Eu3*: Si in sols, a similar concentration
range to the literature [33]) to form Eu-DBM-Si, as described in
Section 2. The corresponding room temperature emission spectra
measured in same conditions are shown in Fig. 5. The intensity
of the emission spectrum increases gradually as the Eu3* concen-
tration increases reaching a plateau for concentrations higher than
0.5%. Consequently, this was the doping concentration of the silicon
dioxide hybrid doped with Eu(DBM-OH)3-2H,0 complex (denoted
as Eu-DBM).
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Fig. 5. PL spectra of Eu-DBM-Si (x) x=0.25% (a), 0.5% (b), 0.75% (c) and 1.0% (d).

3.5. Photoluminescence (PL) spectra

The emission spectra for Eu-DBM, Eu-DBM-Si and DBM-Si
are presented in Fig. 6, which were obtained by irradiation of
the samples using maximum excitation wavelengths of 350, 350
and 330 nm, respectively. The spectra clearly exhibit the intra-4f6
>Do — "F;(J=0, 1,2, 3,4) Eu3" transitions, with the >Dy — ’F, emis-
sion as the dominant band. Meanwhile, two weak bands at 535
and 553 nm were also observed which are tentatively assigned
to the °D; — ’F; and °D; — ’F, transitions, respectively. Further-
more, in the corresponding emission spectrum of Eu-DBM, besides
the Eu* Dy — Fy_4 and Dy — ”Fy, transitions, a broad emission
band in the blue spectral region, peaking around 400 nm, is also
discerned. This band could be attributed to the 7*- relaxation of
free DBM-OH moiety (see Fig. 6¢) and is too weak to be observed
in the Eu-DBM-Si hybrid. These results suggest that DBM-Si is a
more efficient sensitizer for the Eu3* luminescence than DBM-OH
and that the intramolecular energy transfer from DBM-Si ligand is
more complete.

3.6. PL intensities and symmetry properties

For the sake of further investigation on the luminescence inten-
sities of Eu-DBM and Eu-DBM-Si in detail, the °Dy — ?F, emission

Intensity (a.u.)

350 400 450 500 550 600 650 700 750
Wavelength (nm)

Fig. 6. PL spectra of Eu-DBM (0.5%) (a, Aex=350nm), Eu-DBM-Si (0.5%) (b,
Xex =350 nm) and DBM-Si (0.5%) (C, Aex =330 nm).

Table 1
Photophysical data of Eu-DBM and Eu-DBM-Si in solid state.
Eu-DBM Eu-DBM-Si

Iz 531,848 1,941,439
R 6.40 8.22
25 (10729 cm?) 10.97 14.11
24 (10729 cm?) 1.47 217
T (ms) 0.17 0.32

Tab(s™) 5,882 3,125
Arad (s7) 425 536
Anrad (s71) 5,457 2,589
q(%) 72 17.2
D (%) 338 8.2
Ny [£0.1 5.6 25

Iz, emission intensities of Do — 7F, transition; R, the intensity ratios of Dy — 7F,
to°Dg — ’Fy; £2;, experimental intensity parameters; 7, decay times; A,q, radiative
decay rates; Anraq, Nonradiative decay rates; g, emission quantum efficiencies of the
5Dg Eu3* excited state calculated from the decay times and the emission intenties;
@, absolute emission quantum yields measured at the room temperature.

intensity was compared for both the materials. Their relative
emission intensities of °Dy — ’F; transition (Ip;) and °Dg— ’F,
transition (Ipy) are listed in Table 1, which are obtained from the
corresponding deconvolution results in the emission spectra. In
comparison with Eu-DBM, the Iy, value of Eu-DBM-Si increases ca.
four times when the complex was covalently bonded into silicon
dioxide host, implying that in Eu-DBM a quenching of the europium
luminescence can be induced owing to the electron-phonon cou-
plings with OH oscillator of ligands. However, upon functionalizing
the ligand DBM-OH, the above shortcoming can be well overcome.

In addition, it is well known that the °Dy — ’F, transition is a
typical electric dipole transition and strongly varies with the local
symmetry of Eu3* ion, while the >Dy — 7F; transition corresponds
to a parity-allowed magnetic dipole transition, which is practically
independent of the host material. Therefore, the intensity ratio (R)
of °Dg — 7F; to °Dg — ’F; is sensitive to the symmetry around Eu3*
ion and gives valuable information about the chemical microenvi-
ronment change of anions coordinating the Eu3* ion [52]. When the
R value is higher, the Eu3* ion occupies a site of lower symmetry
without an inversion center (a more asymmetric local environ-
ment). However, this ratio is also influenced by other factors, such
as the polarizability of the ligands [53,54]. The intensity ratios for
both the materials are also listed in Table 1. By comparison, it can
be observed that the R value for Eu-DBM-Si is higher than that of
the hybrid material Eu-DBM, which indicates that the local sym-
metry changed upon grafting the complex into matrices and that
a more asymmetric environment was occupied by the Eu3* jon
in Eu-DBM-Si than that in Eu-DBM, probably due to the effect of
confinement.

3.7. Luminescence decay times

The luminescence decay profiles for Eu-DBM and Eu-DBM-Si
(not shown) are fitted with single exponentials, from which the
room temperature luminescence decay times can be estimated
that all the Eu3* ions locate in the same average environments in
obtained hybrid materials. The resulting lifetimes are also listed in
Table 1. It can be seen that the lifetime in Eu-DBM is much shorter
than that in Eu-DBM-Si, which is probably ascribed to a quenching
by OH groups from the ligands near the Eu3* ion.

3.8. Quantum efficiencies (q)

In order to further discuss the photophysical properties of the
resulting materials, the luminescence quantum efficiency q of the
5Dy Eu3* ion and the number of water molecules ny, coordinated to
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the Eu3* ion in Eu-DBM and Eu-DBM-Si were calculated based on
the emission spectra and lifetimes of the >Dy emitting level [55],
respectively, which are listed in Table 1. It can be seen that the lower
number of water molecules in Eu-DBM-Si than that in Eu-DBM,
indicates an alteration occurred in the Eu(Ill) first coordination shell
after the ligand was functionalized and the corresponding complex
was covalently grafted into silica. Moreover, the quantum yields of
europium complex measurements support the qualitative obser-
vations made from the emission spectra and are also summarized
in Table 1. Each quantum yield value is the average of three inde-
pendent measurements. The absolute emission quantum yields (@)
estimated for Eu-DBM-Si and Eu-DBM are 8.2 and 3.8%, respec-
tively. As the same situation observed for the @ values, the q value
for the former hybrid material is much higher than that for the
latter. Since the absolute emission quantum yield is defined as
the ratio between the number of emitted and absorbed photons,
the value of @ is less than or equal to the value of q. The simi-
lar phenomena have been observed in other literature [19,56]. The
low quantum yield and quantum efficiency of the hybrid mate-
rial Eu-DBM may be caused by the higher non-radiative transition
probability (Apraq), which is arised from the luminescence quench-
ing of the °Dy emitting level by OH oscillators of ligand or the water
molecules in the first coordination sphere (the central Eu3* ion
plus the attached ligands of a coordination compound). However,
upon functionalizing the ligand, OH oscillators can be efficiently
avoided and the number of water molecules can be reduced due to
its larger steric hindrance effect, which leads us to conclude that
there is a more efficient intramolecular energy transfer process
(from ligand-to-Eu(Ill)) in Eu-DBM-Si than in Eu-DBM, consistent
with the results of emission spectra.

3.9. Judd-Ofelt parameters

As well known, Judd-Ofelt theory is a useful tool for analyzing
f-f electronic transitions [57-59]. Interaction parameters of ligand
fields are given by the Judd-Ofelt parameters §2, (where A=2, 4,
and 6). And 2, is particularly more sensitive to the symmetry and
sequence of ligand fields [60]. The experimental intensity parame-
ters (§2;, A=2 and 4) were determined from the emission spectra
for Eu3* jon in Fig. 6 based on the Dy — 7F, 4 electronic transitions
and the °Dg — 7F; magnetic dipole allowed transition as the refer-
ence [57,61-66]. The £2¢ parameter was not determined since the
5Dg — ”Fg transition could not be experimentally observed. There-
fore, its influence on the depopulation of the Dy excited state is
neglected, and the radiative contribution is estimated based only
on the relative intensities of the °Dg — “Fg_4 transitions. The 2,
and £24 intensity parameters for Eu-DBM and Eu-DBM-Si are also
shown in Table 1. It is worth noting that the value of the £2; inten-
sity parameter for Eu-DBM-Si is the higher than that of Eu-DBM,
which might be interpreted as a consequence of the hypersensitive
behavior of the 5Dy — ’F, transition. Therefore, the dynamic cou-
pling mechanism is quite operative, suggesting that the Eu3* ion
is in a highly polarizable chemical environment in Eu-DBM-Si, in
agreement with the above discussion results.

4. Conclusions

Luminescent, colorless, transparent and homogenous gelation
hybrid materials were prepared by covalently bonding or physi-
cal doping with binary lanthanide complex Eu(DBM-OH)3-2H,0.
Compared to the general physical doped material hybrid Eu-DBM,
the hybrid material Eu-DBM-Si exhibits a stronger emission of Eu3*
ion, higher quantum efficiency and yield, longer luminescent decay
time. These conclusions were quantitatively stressed by calculating

the emission quantum efficiency q of Eu3* ion, absolute quantum
yield and the experimental intensity parameters §2,. However, the
interactions between the organic complex and the silica matrix still
need further fundamental investigations.
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