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Abstract Two new highly luminescent Tb(IIl) coordina-
tion complexes of (-diketone ligands, [TbL'(NO3);(H,0)]
1 [L'=N-Q2-pyridinyl)ketoacetamide] and [TbL",(NOs),
(C3HqO)][TbLY(NO3),] 2 [L"=N-(6-(4-methylpyridinyl))
ketoacetamide], were synthesized and characterized by
single crystal X-ray diffraction, and incorporated into
SiO,/polymer hybrid material by sol-gel method resulting
in a novel ternary molecular hybrid material. The Tb(III)
complexes display characteristic metal-centered lumines-
cence while the ligands emission are completely quenched,
showing that efficient ligand-to-metal energy transfer
(antenna effect) occurs. The gels can exhibit the character-
istic emission bands of terbium ion. In addition, terbium
ions present longer fluorescence lifetime in gels than in the
corresponding pure complexes powders. Compared with
the complexes, the unit mass luminescence intensities of the
gels are enhanced. And the increase extent of luminescence
intensity of the gel is influenced by the substituent of the
ligands. At the same time, concentration effects on the
luminescence intensity were investigated. The photo stabil-
ities of the gels under UV radiation are much better than
those of the pure terbium complexes.
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Introduction

The trivalent lanthanide ions are well-known for their
photoluminescence properties in the visible and near-infrared
regions. Due to the poor absorption abilities of the lanthanide
ions, it is common practice to form complexes of the
lanthanide ions with organic ligands that can absorb light
strongly and transfer the energy to the metal center (antenna
effect) [1-9]. Since that time a lot of attention has been paid
to the luminescence of molecular lanthanide compounds, and
especially to the S-diketonate complexes. In particular, some
complexes in this category have been noted to show laser
action in solutions [10-12], therefore, they are expected to be
promising luminescent dopants for the preparation of hybrid
phosphors and other optical sources. The organic -diketone
ligands play an important role in the high optical function of
the complexes because they have a high coefficient of
absorption. High energy transfer efficiency can be achieved
when appropriate organic J-diketone are selected [13, 14]. It
has been reported that ligand-to-metal energy transfer of
europium and terbium J-diketonate chelates is affected
significantly on changing substituents in the organic ligand.
An increase in the conjugation by attaching aromatic
substituents, such as p-phenyldibenzoyl methide, dinaph-
thoyl methides, to [-diketonate can result in enhanced
metallic emission [15]. N-(2-Pyridinyl)ketoacetamide and
N-(6-(4-methylpyridinyl))ketoacetamide are potential ligands
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with simple and flexible structure and perfect yield to
synthesize. So the lanthanide complexes with these (-
diketonate ligands are expected to be promising luminescent
dopants with intense emission and cheap cost.

Although lanthanide complexes exhibit a much more
efficient emission under ultraviolet excitation [16], up to
the present day they have been excluded from practical
applications as tunable solid-state lasers or phosphor
devices due to their poor thermal stability and mechanical
properties [17]. In order to circumvent these shortcomings,
the lanthanide complexes can be incorporated into inorgan-
ic and/or inorganic—organic matrices using low-temperature
soft-chemistry processes, such as the sol-gel route. The
sol—gel process is a promising technique for the develop-
ment of novel luminescent materials due to its mild reaction
conditions, versatility of processing and potential for
mixing the inorganic and organic precursor components at
the nanometer scale [18, 19]. When functional active
molecules, such as optical, electronic, magnetic and
biological species, are incorporated into the hybrid struc-
ture, functional organic—inorganic hybrid nanocomposites
may be thus synthesized. Indeed, much work has been
focused on this field to date, and many lanthanide
complexes have been incorporated into sol-gel derived
matrices or other solid hosts such as zeolite, layered or
mesoporous matrices [20-28]. However, much of these
works have focused on doping with lanthanide complexes
of conventional (-diketone ligands such as 2-thenoyltri-
fluoroacetonate [29, 30], and focused on the comparison of
the luminescent properties between the silica gels doped
with lanthanide complexes and the corresponding chlorides,
and little attention has been paid to the changes of
luminescence properties of lanthanide complexes in silica
gels compared with the original complexes. Additionally,
conventional gels tend to crack during the drying period
owing to their poor mechanical strength and the SiO,
matrix containing —OH can extensively reduce lumines-
cence emission intensity and decay time. One strategy is to
introduce polymer into inorganic matrix. Such inorganic/
polymer hybrid matrixes allow for increasing solubility of
complexes in the sol-gel matrix while variation of the
percentage of the inorganic/polymer components allows for
modification of both mechanical and optical properties of
the materials [31-34]. Polyvinyl butyral (PVB) is a polymer
with good thermal stability. Therefore, in this work, we will
introduce two new highly luminescent Tb(III) complexes of
(-diketone ligands, [TbL'(NO3)3(H,0)] 1 [L'=N-(2-pyri-
dinyl)ketoacetamide] and [TbL',(NO;),(C3H40)]
[TbL"(NO3)4] 2 [L"=N-(6-(4-methylpyridinyl))ketoaceta-
mide], into a sol-gel derived SiO,/PVB matrix which is a
kind of non-crystalline substance with porous structure, and
systematically investigate the luminescent properties, con-
centration effects on luminescence intensity, luminescence
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lifetime and the photo-stabilities under UV radiation with
respect to the corresponding pure complexes.

Experimental section
Synthesis of the ligands L' and L"

The ligand L' was prepared by the reaction of 2-aminopyridine
with ethyl acetoacetate, as described previously [35], yield
80%, m.p. 109 °C-110 °C. Anal. Caled. for CoH;oN,O;:
C, 60.67; H, 5.61; N, 15.73; Found: C, 60.58; H, 5.62; N,
15.71%; '"H NMR (CDCls, 300 MHz): 1.99 (s, 3H), 3.63
(s, 2H), 5.06 (s, 1H), 6.99-7.28 (1H),7.61-7.82, 8.12-8.36
(2H), 9.56 (s, 1H), 13.48 (s, 1H); IR (KBr pellet, cm'):
UC=0) 1,723 (s), 1,668 (s); N-H) 3,254 (m), 3,100 (m),
3,036 (m) and (O-H) 3,200 (m).

The ligand L" was prepared by the reaction of 2-amino-
4-picoline with ethyl acetoacetate, as described previously
[35], yield 75%, m.p. 108 °C-110 °C. Anal. Calcd. for
CioH12N>05: C, 62.49; H, 6.29; N, 14.57; Found: C, 62.50;
H, 6.30; N, 14.55%; '"H NMR (CDCls, 300 MHz): 1.99
(s, 3H), 2.34 (s, 3H), 3.60 (s, 2H), 4.97 (s, 1H), 6.67-6.96
(1H), 7.28-8.01 (2H), 9.06 (s, 1H), 13.46 (s, 1H); IR (KBr
pellet, cm™): 1(C=0) 1723 (s), 1,668 (s); UN-H) 3260 (m),
3,100 (m), 3,040 (m) and »(O-H) 3,215 (m).

Synthesis of the terbium complexes

The solution of 0.3 mmol ligand (L' or L") in chloroform
(2 cm’) was added dropwise to a solution of 0.1 mmol Tb
(NO3)5:6H,0 in ethyl acetate (2 cm®). Then the mixture
was stirred at room temperature for 4 h. And the
precipitated solid complex was filtered, washed with mixed
solvent of chloroform and ethyl acetate (V/V=1:1), dried in
vacuo over P4O,q for 48 h. Single crystals of the terbium
complexes were grown from acetone and chloroform mixed
solutions with slow evaporation at room temperature. After
approximately 1 month, transparent colorless crystals were
formed from the solutions respectively.

Preparation of SiO,/PVB hybrid material doped
with the terbium complexes

In a typical run, TEOS was first mixed with absolute
ethanol. Then HCl-acidified water (pH=2) was added to the
above mixture under magnetic stirring to initial the
hydrolysis and condensation reaction. The molar ratio of
TEOS/ethanol/H,O is 1:4:4. A transparent sol was
obtained. After stirred for several hours, absolute ethanol
solutions containing different contents of terbium com-
plexes and PVB were added to the sol. The content of PVB
is 10% by weight referring to the SiO, content. The sols
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were poured into plastic boxes with sealed caps. The
transparent monolithic gels were allowed to age for several
days before heat-treating at 80 °C for 1 day.

Materials and physical measurements

Terbium nitrate was prepared according to the literature
methods [36]. All the solvents and reagents for synthesis
including tetraecthoxysilane (TEOS, Acros Chemical Co.)
were commercially available, analytical grade, and used as
received. All characterizations were carried out using a fresh
sample. Elemental analyses were determined on an Elementar
Vario EL analyzer. IR spectra were recorded on a Nicolet 360
FT-IR instrument using KBr discs in the 4,000-400 cm ™'
region. "H NMR spectra were measured on a Varian Mercury
300 spectrometer in CDCl; solutions. The UV-visible spectra
were measured using a Lambda 35 spectrometer. Lumines-
cence and phosphorescence spectra were obtained on a
Hitachi F-4500 spectrophotometer. The fluorescence lifetime
measurements were performed on an Edinburgh FLS920
time-resolved fluorescence spectrophotometer. For photo
stability experiments, the samples were irradiated using a
30-W high-pressure mercury lamp, the distance between the
samples and the center of the lamp was 10 cm.

Single crystal X-ray diffraction data were recorded on a
Bruker Smart-APEX diffractometer equipped with a CCD
detector with Mo Ko radiation (A=0.71073 A). The unit
cell parameters and integrations of the diffraction profiles
were determined using SAINT program [37]. Structure
solution and full-matrix least-squares refinement based on
F? were performed with the Shelxs-97 and Shelxl-97
program packages [38], respectively. Terbium centers were
located from the E-map and other non-hydrogen atoms
were located in successive difference Fourier syntheses.
The final refinements were performed by full matrix least-
squares methods with anisotropic thermal parameters for
non-hydrogen atoms on F2. All the hydrogen atoms were
first found in difference electron density maps, and then
placed in the calculated sites and included in the final
refinement in the riding model approximation with displace-
ment parameters derived from the parent atoms to which
they were bonded. Final R = > (||F,| — |F¢||)/ >_ |F,|, and

k= [Sw(rd = F2 /5w i =1 o
(F3) + (aP)’+bP] (where P = (max(F2,0) +2F2)/3).

Details on crystal data and intensity data were given in
Table 1.

Results and discussion

The crystal structures of the complexes 1 and 2 with the
numbering scheme are displayed in Fig. 1a and b. Important

Table 1 Crystallographic data and structure refinement summary for
complex 1 and complex 2

1 2
Chemical CoH oN50,,Tb C33H4oN120,5Th,
formula
Formula weight ~ 539.14 1324.63
Temperature (K)  294(2) 298(2)
Wavelength (A)  0.71073 0.71073
Crystal system Triclinic Triclinic
Space group Pi P
A4 A) 7.4649(3) 9.109(2)
B (A) 10.6199(5) 12.544(3)
c @A) 11.7150(5) 22.250(5)
a (°) 68.418(2) 98.462(3)
B (©) 87.426(2) 97.266(2)
7 (°) 86.611(2) 104.104(2)
VA%, Z 861.83(6), 2 2403.7(9), 2
Calculated 2.078 1.830
density
(g em?)
Absorption 4.177 3.016
coefficient
(mm™)
F(000) 520 1308
Crystal size 0.37x0.27x0.26 0.29%0.25x%0.20
(mm)
0 range for data 1.87, 25.50 2.29, 25.76
collection (°)
Limiting indices = —9<h<8; —12<k<12; —-10<h<10;
-9<1<14 —14<k<14;
—26<1<26
Reflections 4,566/3,125 [R(int)= 12,617/8,346 [R
collected/ 0.0119] (int)=0.0232]
unique
Completeness 0=25.50, 97.4% 0=25.01, 98.6%
to 6
Refinement Full matrix least-squares Full matrix
method least-squares
Data/restraints/ 3,125162246 8,346/144/649
parameters
Goodness-of-fit 1.060 1.043
on F?
Final R indices R=0.0230, wR=0.0538 R=0.0405, wR=
0.0849
R (all data) R=0.0251, wR=0.0550 R=0.0644, wR=
0.0948
Largest diff 967 and —700 802 and —689

peak and hole
(e/nm?)

experimental parameters of the single-crystal X-ray analysis
of the complex 1 reveals that isolated mononuclear Tb atom
is coordinated with nine oxygen donor atoms. Six of them
belong to three bidentate nitrate groups, two belong to O,
O-bidentate L' and one belong to water molecule. The
coordination polyhedron around Tb>" is a distorted tricap-
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Fig. 1 X-Ray structure of the terbium complex 1 (a) complex 2 (b)

ped trigonal prism. 3-Diketones coordinated to metal ions
usually exist as the enol tautomer with a negative charge
(dehydrogen form). From the C-O distances and it’s
connected C—C bond distances we can determine the main
structure of the [-diketone bonded to the lanthanide ions
[39]. In the structure of complex 1, the average distances
for the carbon-carbon bonds (C(6)-C(7), 1.390(5) A; C(7)-
C(8), 1.400(5) A) and the carbon—oxygen bonds (C(6)-O
(8), 1.288(4) A; C(8)-0O(6), 1.263(4) A) are between the
single bond distance and double bond distance. This can be
explained by the fact that there exists conjugated structure
between the enol bond and the coordinated (-diketonate,
which lead to the delocalization of electron density of the
coordinated (3-diketonate chelate ring. The enol hydrogen
atom H(4A) bonded to the carbonyl oxygen atom was
disengaged and bonded to the nitrogen atom from pyridyl
ring, since the complex was stirred at the neutral condition.
The Tb—O bond distances (2.315(3)-2.296(2) A) are similar
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Fig. 2 UV-visible absorption spectra for SiO,/PVB hybrid doped with
complex 1 (a) and pure complex 1 (b)
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to those found for the lanthanide complexes of 3-diketonate
[40].

It can be seen from Fig. 1b that the complex 2 consists of
a complex cation [TbL",(NO;3),(C5Hg0)]" and a complex
anion [TbL"(NO;),]". In the [TbL",(NO;),(C;HsO)]*
coordination cation, the Tb>" ion is nine-coordinated and
surrounded by two 0,0-bidentate L", two bidentate nitrate
ions, and one acetone molecule to assume a distorted
tricapped trigonal prism geometry. The Tb—O bond dis-
tances [2.328(4)-2.357(4) A], the carbon—carbon bond
distances [C(13)-C(12), 1.393(9) A; C(12)-C(11), 1.375
(8) A] and the carbon—oxygen bonds[C(13)-O(4), 1.285
(8) A; C(11)-0(3), 1.264(7) A] are close to those observed
in complex 1. In the anion of [TbL"(NOs),], the Tb*" is
coordinated with ten oxygen donor atoms. Eight of them
belong to four bidentate nitrate groups, and the other two
are from O,0-bidentate L". The coordination polyhedron
around Tb>" is a distorted bicapped square antiprism. The
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Fig. 3 UV-visible absorption spectra for SiO,/PVB hybrid doped with
complex 2 (a) and pure complex 2 (b)
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Fig. 4 Excitation spectra (a) and emission spectra (b) of SiO,/PVB
hybrid doped with complex 1 (a) and pure complex 1 powder (b)

Tb—O bond distances [2.308(5)-2.333(4) A], the carbon—
carbon bond distances [C(25)-C(26), 1.407(9) A; C(24)-C
(25), 1.372(9) A] and the carbon—oxygen bonds [C(26)-O
(13), 1.259(8); C(24)-0O(12), 1.261(7) A) are close to that
observed in the complex cation.

The UV-visible absorption spectra of the SiO,/PVB
hybrid doped with complexes (complex 1, complex 2) and
the pure terbium complexes (complex 1, complex 2)
powders are shown in Figs. 2 and 3 respectively. It can be
easily seen that the UV-visible spectrum of complex 1 has
two main absorption peaks located at 271 and 434 nm
(Fig. 2b), while the SiO,/PVB hybrid doped with complex
1 gels also has two main absorption peaks at 213 and
424 nm (Fig. 2a). The spectrum of complex 2 has two main
absorption peaks located at 250 and 416 nm (Fig. 3b). And
for SiO,/PVB hybrid doped with complex 2 gels, the main
UV-visible absorptions are located at 241 and 404 nm
(Fig. 3a). The UV-visible spectra can show the Tb
complexes doped in the SiO,/PVB hybrid. The micro-

environments in the SiO,/PVB hybrid result in blue shifts
of the terbium complexes absorptions.

The excitation and emission spectra of SiO,/PVB hybrid
doped with the complex 1 (the content of the complex
(Wt%) is 7.8%) and pure complex 1 powder are shown in
Fig. 4a and b, respectively. Both of the excitation spectra
are broad bands and the emission spectra exhibit the
characteristic emission of Tb>" arising from the transition
D, — 7FJ (J=6, 5, 4, 3), with the transition D, — 7F5
green emission as the dominant group. This strongly
suggests that an efficient energy transfer form the ligands
to Tb*" can take place not only in the pure complex 1 but
also in the SiO,/PVB doped with complex 1.

Some differences in the excitation and emission spectra
in Fig. 4a and b can be seen. For SiO,/PVB hybrid doped
with complex 1, the excitation spectrum consists of a
relatively narrow band ranging from 295 to 425 nm with a
maximum intensity at 354 nm, while the excitation
spectrum changes into a broad band ranging from 285 to
430 nm with a maximum intensity at 371 nm for the pure
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Fig. 5 Excitation spectra (a) and emission spectra (b) of SiO,/PVB
hybrid doped with complex 2 (a) and pure complex 2 powder (b)
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Table 2 Relationship between the content of the Tb complex and luminescence intensity

Materials Complex 1 SiO,/PVB hybrid doped Complex 2 Si0,/PVB hybrid doped
with complex 1 with complex 2
The content of the complex 100 7.8 100 7.8
(Wt%)
Relative intensities of °D, — ’Fs 626 433 706 1,124

complex 1. Compared to the corresponding pure complex
1, the maximum excitation wavelength for the gel shows a
blue shift, changing from 371 to 354 nm.

Figure 5 shows the excitation and emission spectra of
Si0,/PVB hybrid doped with the complex 2 (the content of
the complex (wt%) is 7.8%; a) and pure complex 2 powder
(b). Both of the emission spectra present the characteristic
emission bands originating from the transition D, — F,
(J=6, 5, 4, 3), with the transition ’p,—F. 5 green emission
as the dominant group. Compared to the pure complex 2,
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Fig. 6 The luminescence intensity distribution with the increment of
the doping concentration of the complex 1 (a) and complex 2 (b)
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the maximum excitation wavelength of the gel shows a blue
shift, changing from 396 to 368 nm.

The differences in the excitation spectra between SiO,/
PVB doped with the complexes and the pure complexes
powders can be interpreted as follows. Compared to the
pure complex, when the complex was doped into SiO,/
PVB, the polarity around the Tb>" surrounding environ-
ment will increase, according to the Lippert equation [41],
heAv = 2Af (u* — ,u)z/as, where v is the frequency shift
(in cm™ ") of the excitation state, f is the orientation
polarizability, p* and p are the excited and ground state
dipole moments, respectively, /# is Planck’s constant, c¢ is
the velocity of light and « is the cavity radius. Since the
polarity of the complex in SiO,/PVB is increased, Af'is a
positive value. Therefore, Av is also a positive value. In
other words, the excitation wavelengths of the gels show
blue shifts compared to the pure complexes.

The content of the complexes in SiO,/PVB hybrid
matrix and its relative luminescence intensity compared
with the complexes 1 and 2 (°D; — 'Fs) are listed in
Table 2. It can be seen clearly that the complex of a unit
mass in the SiO,/PVB matrix can give stronger lumines-
cence than the corresponding pure complex. Compared
with the complexes 1 and 2, the luminescence intensity (the
relative intensity divided by the mass) of the hybrid
increases nine and twenty times respectively. As is known,
the photophysical and photochemical process on guest
molecule can be influenced profoundly by organized
matrix. The SiO,/PVB hybrid matrix, however, is a kind
of non-crystalline substance with porous structure. This
host can provide an interesting microchemical environment
for the guest molecules. And we may deduce that when the
complex is doped in the SiO,/PVB matrix, the molecules
were confined in micropores and the nonradiative transi-
tions were decreased, resulting in high luminescence

Table 3 The fluorescence lifetimes of Tb ions in different materials

Materials Lifetimes/ps
Complex 1 719
Si0,/PVB hybrid doped with the complex 1 1,043
Complex 2 980
SiO,/PVB hybrid doped with the complex 2 1,542
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Fig. 7 Infrared spectra of SiOyPVB hybrid doped with complex 1 (a)
and pure complex 1 powder (b)

efficiency. Moreover, the increase extent of luminescence
intensity of the hybrid material doped with the complex 2 is
obviously better than that doped with the complex 1. And
we may infer that this result is caused by the difference
between the substitutent of the ligands of these complexes.

In order to examine the doped concentration of com-
plexes (complex 1 and complex 2) effect on the lumines-
cence intensity, four different amounts, 0.1%, 0.2%, 0.4%,
and 0.6% (molar ratio) of complexes (complex 1 and
complex 2) were introduced into the SiO,/PVB matrix. The
relation curve diagrams between the intensity and doping
concentrations were shown in Fig. 6a and b, respectively.
As expected, the luminescence intensity increased with
increasing the doped concentrations. However, the lumi-
nescence intensities for the gels doped with 0.6% of
terbium complex show a decreasing value, indicating that
optimal doped concentrations of these complexes are both
0.4% under the chosen experimental conditions.

The fluorescence decay curves of Tb>' related to the
transition °D, — 'Fs emission in SiO,/PVB matrix doped

Wavenumber (cm™)
Fig. 8 Infrared spectra of SiOyPVB hybrid doped with complex 2 (a)
and pure complex 2 powder (b)
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with complexes (complex 1, complex 2) and the pure
terbium complexes (complex 1, complex 2) powders were
measured and the lifetimes are summarized in Table 3.

It can be clearly seen that the terbium complexes doped
into SiO,/PVB have longer lifetimes than those of the
corresponding pure complexes. It is well known that the
fluorescence lifetime of Tb>" is related to the vibration of
the nearby ligands. The excitation energy of Tb*" can be
absorbed by the vibration of the ligands, thus, decreasing
the lifetime of Tb*". The complete isolation of the complex
molecules and the relatively rigid matrix structure has
inhibited the vibration of the ligands around Tb**, leading
to a longer fluorescence lifetime of Tb>" in SiO,/PVB
matrix than those of in pure complex powder. This result is
also supported by the IR spectra.

Figures 7 and 8 show the IR spectra of the SiO,/PVB
hybrid doped with complexes (complex 1, complex 2;
Figs. 7a and 8a) and the pure terbium complexes (complex
1, complex 2) powders (Figs. 7b and 8b). In Figs. 7a and
8a, the broad band around 3,440 cm ' is assigned to
stretching vibrations of O-H groups, with 1,656 cm '
corresponding to their bending vibration. The small peaks
at around 2,960 cm ! is assigned to asymmetric vibration of
C-H band in —CH;. And the band at 1,392 cm ' is due to
the symmetric stretching vibration of C—H. The high peaks
at 1,083 and 800 cm™ " are attributed to Si-O—Si symmetric
stretching vibration and bending vibration, respectively.
The band at 457 cm ™' corresponds to the bending vibration
of 0-Si—O bond. The shoulder band at 962 cm ™" is related
to the vibration of silanol groups. The characteristic
absorption bands of the pure terbium complexes (complex
1, complex 2) powders (Figs. 7b and 8b) are not presented
in Figs. 7a and 8a, reflecting that the vibrations of the
ligands of Tb*" have been confined by the surrounding rigid
matrix. The restriction effect of the matrix on the vibrations
of the molecules results in longer fluorescence lifetimes.

The photo stabilities of the complex 1 and the SiO,/PVB
hybrid gel were measured and the results are presented in
Fig. 9. We employ the half-life ¢/, to characterize the photo
stability [42], where #;,, denotes the time taken for the
fluorescent intensity to decrease to 50% of the initial value
after irradiation under UV light. The ¢, values of complex
1 (Fig. 9b) and its SiO,/PVB hybrid gel (Fig. 9a) are 60 and
108 h, respectively. It is easily found that the luminescent
photo stability of the complex in the SiO,/PVB hybrid gel
is higher than that of the corresponding pure complex.

Conclusion
In this work, SiO,/PVB hybrid materials doped with highly

luminescent terbium complexes of (-diketone ligands have
been prepared via a sol-gel method. For the hybrid

@ Springer

materials, the energy transfer from the ligands to Tb ions
took place smoothly, as for the original complexes, and
consequently strong green emission based on Tb>" were
observed. The emission intensities of the gels doped with
terbium complex increase with increasing the doping
concentration within a certain range. Compared to the pure
complexes, the excitation spectra of the SiO,/PVB gel
matrix doped with complexes show blue shifts. And the
unit mass of the complexes in the SiO,/PVB gel matrix can
give stronger luminescence than the corresponding pure
complexes. When the molecules were confined in micro-
pores of the matrix and the nonradiative transitions were
decreased, resulting in high luminescence efficiency. The
increase extent of luminescence intensity of the hybrid
material is influenced by the substitutent of the ligands of
the complexes. The fluorescence lifetime of Tb®" in the
hybrid materials becomes longer than those in pure
complexes. The photo-stabilities are improved after the
complexes are doped into SiO,/PVB gel matrix.
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