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Abstract

In this paper, a novel kind of organic—inorganic monomer, HIPA-TESPIC, has been achieved by modifying 5-hydroxyisophthalic acid (abbre-
viated as HIPA) with 3-(triethoxysilyl)-propyl isocyanate (abbreviated as TESPIC). The organic—inorganic monomers (HIPA-TESPIC) with two
components equipped with covalent bonds can behave as a functional molecular bridge, which can not only coordinate to RE ions but also occur
in in situ sol-gel process with inorganic host precursor tetraethoxysilane (TEOS), resulting a kind of molecular hybrid material (named as RE-
HIPA-TESPIC) with double chemical bond (RE-O coordination bond and Si—O covalent bond). '"H NMR, Fourier transform infrared (FT-IR) were
applied to characterize the structure of HIPA-TESPIC and UV-vis spectrophotometer, phosphorescence, and luminescence spectra were applied to
characterize the photophysical properties of the obtained hybrid material. Luminescent hybrid materials consisting of active rare earth ions (Tb**,
Eu**)-inert rare earth ions (Y>*, La**, Gd**) complex covalently bonded to a silica-based network have been obtained in situ via a sol—gel approach.
Through co-hydrolysis and polycondensation, active rare earth ions and inert rare earth ions can be introduced in the same organic—inorganic hybrid
monomer and then formed Si—O backbones. The luminescent behavior has been studied with the different ratios of active rare earth ions—inert rare
earth ions, which suggests that the existence of inert rare earth ions can enhance the luminescence intensity, which may be due to the intramolecular
energy transfer between inert rare earth ions and active rare earth ions.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

With the expansion of soft inorganic chemistry processes, the
synthesis of inorganic—organic hybrid systems appeared over the
past decade, which possessed of the mutual advantages of both
organic and inorganic networks and has been applied widely in
many fields [1,2]. Among all the synthetic methods, the sol—gel
approach which is based on co-hydrolysis/polycondensation
reactions of metal alkoxides exhibits a wealth of unique charac-
teristics, namely, convenience, low temperature, and versatility
[3-8]. Generally speaking, hybrids of rare earth organic com-
plexes introduced in silica gel have already been found to display
characteristic emission intensities compared with rare earth ions
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in inorganic hosts, and organic components are considered to be
efficient sensitizers for the luminescence of rare earth ions, at
a word, the antenna effect, which solve the problem of the very
low absorption coefficients of the rare earth ions. With respect
to the inorganic—organic hybrids, the definition is quite wide
and several attempts have been made to achieve a classification
of these new materials according to their structural properties.
Following the classification by Sanchez and Ribot [9], the
inorganic—organic hybrids can be divided into two major classes
according to interaction among the different components or
phases in hybrid systems [10]. For class I hybrid materials, the
organic and inorganic components are connected by only the
weak functional interactions (such as hydrogen bonding, van der
Waals force or static effect) between the organic and inorganic
components, and it seems impossible to solve the problems
of uneven distribution of rare earth complexes, limitation of
doped concentration, quenching effect of luminescent centers,
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separation of different phases, which can be ascribed to the only
weak functional interactions [11-14]. But for class II hybrid
materials, the two components are connected by covalent
grafting, which can achieve true interconnection between the
organic and inorganic moieties and successfully solve the
above-mentioned problems. In nature, the organic components
play a role of network modifier, which can not only realize
the possibility of molecular-based material but also tailor the
complementary properties of novel multifunctional advanced
materials through covalent grafting between the different
components [15]. Lately, a few researches which concerned the
covalently bonded hybrids have emerged and the as-derived
molecular-based materials present monophasic appearance even
at a high concentration of rare earth complexes [16-22]. So the
key to prepare the class II hybrid materials is to synthesize an
intermediate as a covalent bridge, which can not only coordinate
to RE ions but also act as precursors of inorganic network.
Inorganic matrices doped with metal complexes especially
rare earth complexes are attractive materials for optical appli-
cations owing to their excellent luminescence characteristics
from the electronic transitions between the 4f energy levels. But
by far there were only a few studies to be unfolded on emis-
sion properties of trivalent rare earth ions incorporated inside
room-temperature sol-gel matrices, and they focus their inter-
est mainly on single rare earth hybrids [12,16,22,23,24,25,26].
Some researches have been carried out since research worker
found that all of the enhancing ions have a stable electronic con-
figuration, such as La’*, Y>*, Gd** and Lu®*, the 4f shells of
which were empty, half-filled and full, respectively [27-29]. But
these researches concentrated on the RE complexes in which
luminescence enhancement mainly belongs to intermolecular
energy transfer because it is hard to clearly prove they are
homogenous and pure molecular level. Because of intermolec-
ular energy transfer, the effect of luminescence enhancement
cannot reach people’s expectation. So, in this paper, we stud-
ied the mechanism of co-luminescence, which was excited
by intramolecular energy transfer. We synthesized a series of
molecular hybrid materials, in which the nitrate of inert rare
earth, such as Gd3*, La* and Y3*, and the nitrate of active rare
earth, such as Tb3*, Eu3*, were mixed with different ratios and
then the mixture added in the sol-gel matrices, and the hybrids
showed excellent emission intensity. Because the inert rare earth
and active rare earth ions combined with the silica-based net-
work through the same co-hydrolysis and polycondensation
process, then they co-exist in the same silica-based molecular
Si—O network and intramolecular energy transfer can occur. In
order to characterize the structure of intermediate, Fourier trans-
form infrared (FT-IR), UV-vis spectrophotometer, Iy NMR
were used, the photophysical properties were discussed in detail.

2. Experiment
2.1. Materials
5-hydroxyisophthalic acid (abbreviated as HIPA) and 3-

(triethoxysilyl)-propyl isocyanate (abbreviated as TESPIC)
were supplied by Lancaster Synthesis Ltd. Solvents used were

purified by common methods. Other starting reagents were used
as received.

2.2. Synthesis of organic—inorganic intermediate

A typical procedure for the preparation of organic—inorganic
intermediate (HIPA-TESPIC) was as follows: 2mmol 5-
hydroxyisophthalic acid (0.364 g) was first dissolved in acetone
by stirring and 2mmol 3-(triethoxysilyl)-propyl isocyanate
(0.495 g) was then added to the solution by drops. The whole
mixture was refluxed at 65 °C under argon atmosphere for 12 h.
After isolation, a white powder of HIPA-TESPIC was obtained.
The typical procedure was according to the reaction scheme in
Fig. 1 and the spectra of FT-IR are seen in Fig. 3; HIPA-TESPIC
(C13H27NOgSi): Element analysis data: Anal. Calcd.: C, 50.40;
H, 6.33; N, 3.26. Found: C, 50.61; H, 6.16; N, 3.08. 'H NMR are
as follows, HIPA-TESPIC (C;3H>709NSi): '"H NMR (DMSO)
d (ppm): 8.21 (1H, s), 7.92 (1H, s), 7.51 (2H, s), 3.70 (6H, q),
3.41 (2H, q), 1.47 (2H, m), 1.01 (9H, t), 0.51(2H, ¢).

The scheme for the molecular composition is shown below.
q OCH,CH,
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2.3. Sol-gel polymerizations

Sol-gel derived hybrid material containing rare earth was pre-
pared as follows: the synthesized precursor HIPA-TESPIC was
dissolved in dimethylformamide (DMF), then tetraethoxysilane
(TEOS), which actually allowed a better miscibility of rare earth
nitrate solution to the reaction mixture and increased the degree
of cross-linking and the total silica content, and HyO was added
while stirring, and then one drop of diluted hydrochloric acid
was added to promote hydrolysis. A stoichiometric amount of
RE3* (a different ratio blend of active rare earth ions nitrate
and inert rare earth ions nitrate) was added to the final stirring
mixture. The mole ratio of RE3*/HIPA-TESPIC/TEOS/H,0O
was 1:3:6:24. After the treatment of hydrolysis, an appropri-
ate amount of hexamethylene-tetramine was added to adjust
the PH value to about 6.5. The mixture was stirred to achieve
a single phase and thermal treatment was performed at 60 °C
until the sample solidified. Using the same method, we also
prepared active rare earth ions and inert rare earth ions co-
hybrid materials by mixing active rare earth ions and inert rare
earth ions at different ratios (Gd3*:Tb3* =3:1, 2:1, 1:1, 1:2, 1:3;
La**:Tb* =3:1,2:1, 111, 1:2, 1:3; Y3*:Tb¥ =3:1, 2:1, 1:1, 1:2,
1:3; Gd*:Bu** =3:1, 2:1, 1:1, 1:2, 1:3; La’*:Eu* =3:1, 2:1,
1:1,1:2,1:3; Y3*:Eu* =3:1,2:1, 1:1, 1:2, 1:3) and denoted these
as hybrid31, hybrid21, hybrid11, hybrid12, hybrid13, respec-
tively. For the purpose of comparison, we also prepared hybrid
material directly with Tb>*/Eu*. The hybrid material prepared
with Tb3* and Eu?* was denoted as hybrid Tb** and hybrid
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Fig. 1. Scheme of the synthesis process of HIPA-TESPIC ligand and predicted structure of resulting hybrid systems.

Eu’*. The structure for the final hybrid is shown in Fig. 2. In
order to compare the luminescent lifetimes, we also prepared
the Eu and Tb hybrids without inert rare earth ions.

2.4. Characterization

Infrared spectroscopy was obtained in KBr pellets and
recorded on a Nexus 912 AO446 FT-IR spectrophotome-
ter in the range of 4000-400cm~!."H NMR spectra were
recorded in DMSO on a Bruker AVANCE-500 spectrometer
with tetramethylsilane (TMS) as internal reference. Ultraviolet
absorption spectra of these power samples (5 x 10™* mol L™!
dimethylformamide (DMF) solution) were recorded with an
Agilent 8453 spectrophotometer. Phosphorescence spectra
(5 x 10~% mol L~! DMF solution) and luminescence excitation
and emission spectra were obtained on a Perkin-Elmer LS-55
spectrophotometer: excitation slit width= 1.5 nm, emission slit

Table 1

width =3.0 nm. Luminescent lifetimes for hybrid materials were
obtained with an Edinburgh Instruments FLS 920 phosphorime-
ter using a 450 W xenon lamp as excitation source (pulse width,
3 ws). All measurements were completed under room tempera-
ture except for phosphorescence spectra which were measured
at 77K.

3. Results and discussion
3.1. Formation of hybrid molecular materials

The IR spectra of HIPA, TESPIC and the modified bridge
HIPA-TESPIC were compared, and the main absorption and
their assignments are shown in Fig. 3 and Table 1. The forma-
tion of acylamino group and Si—O-Si network can be proved
by this figure. Compared the IR spectra of HIPA-TESPIC with
HIPA and TESPIC, the appearance of the bands located at around

The main bands and their assignments of IR spectra for HIPA, TESPIC, HIPA-TESPIC

Compounds »(C=0) (cm™) v(N=C=0) (cm™") S(N-H) (cm™") v(C-N) (cm™1) v(Si-0) (cm™") v(Si-C) (cm™1)
HIPA 1704 - - - - -
TESPIC 1630 2266 - - 1077 1164
HIPA-TESPIC 1685 - 1521 1408 1078 1165
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Fig. 2. Schematic illustration of Eu**—~Gd>* co-hybrids.

1685cm™! due to the absorption of amide groups (CONH)
and the presence of the bending vibration (Sxp, 1408 cm™!)
suggested that 3-(triethoxysilyl)-propyl isocyanate has been suc-
cessfully grafted onto 5-hydroxyisophthalic acid. The stretching
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vibration (us;_o) located at around 1078 cm™! and the stretch-
ing vibration (vsi_c) located at 1165 cm~! existed in the IR
spectra of bridge molecule (HIPA-TESPIC) compared with
the IR spectra of HIPA, which is the evidence of the emer-
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Fig. 3. FT-IR spectra of (A) HIPA, (B) TESPIC and (C) HIPA-TESPIC.
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Fig. 4. Ultraviolet absorption spectra of (A) HIPA, (B) HIPA-TESPIC and (C)
hybrid Gd**: Tb3* = 1:1.

gence of HIPA-TESPIC. In addition, the absorption peak at
2273-2378 cm~! for N=C=0 disappeared in the L.R. spectra of
HIPA-TESPIC, which indicated the occurrence of the covalent
grafting reaction.

In addition, the '"H NMR spectroscopy can also explain
the structure of HIPA-TESPIC. For the 'H NMR spectroscopy
of HIPA-TESPIC, the peaks at chemical shifts of about 7.92,
7.51 ppm correspond to the H of the aromatic ring. The chemi-
cal shift of 8.21 ppm belongs to the H of NH, 3.70 ppm belongs
to —-O—CHj— and 0.51 ppm belongs to -CH,—Si-.

Fig. 4 shows ultraviolet absorption spectra of (A) HIPA,
(B) HIPA-TESPIC and (C) hybrid Gd3*:Tb3* = 1:1. From the
spectra, we found a blue shift of the major m—m* electronic
transitions (from 320 to 314nm), indicating that modifi-
cation of 5-hydroxyisophthalic acid, which was grafted by
3-(triethoxysilyl)-propyl isocyanate, influenced its correspond-
ing absorption spectrum. Furthermore, an obvious red shift is
observed when we add RE** to HIPA-TESPIC (from 314 to
322 nm), which is probably due to formation of a complex
between RE** and HIPA-TESPIC.

3.2. Phosphorescence spectra

Fig. 5 shows the low-temperature phosphorescence spectra
of (A) hybrid Tb3*, (B) hybrid Gd**:Tb** =1:1, (C) hybrid
Y3*:Tb3* =1:1, (D) hybrid La**:Tb>* =1:1 at 77K. As we
all know, phosphorescence spectrum indicates the character
of the organic molecular ligands and different phosphores-
cence bands correspond to diverse ligand molecules, so there
is no change between organic and inorganic intermediates
and hybrids with only the difference of their intensities for
the same HIPA-TESPIC ligand group [30]. According to the
intramolecular energy transfer mechanism, the corresponding
intramolecular transfer efficiency from the HIPA-TESPIC to
Tb>* mainly depends on the energy match between the triplet
state energy of HIPA-TESPIC (corresponding to the phospho-
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Fig. 5. The phosphorescent spectra of (A) hybrid Tb>*, (B) hybrid
Gd**:Tb** =1:1, (C) hybrid Y**:Tb>* = 1:1 and (D) hybrid La*:Tb** = 1:1.

rescence band) and the resonant emissive energy level of the
central Tb>* (approximately 4000 & 500 cm™!). From the fig-
ure, it can be seen that the former energy level corresponds to
a peak at 444 nm and equals 22500 cm™!; likewise the latter is
20400 cm™~! (490 nm, D4 — "Fg transition). Therefore, it can
be predicted that HIPA-TESPIC shows a good energy match
and sensitizes the luminescence of Tb>* in terms of the inverse
energy transfer theory. Furthermore, from this figure, it can be
seen that the phosphorescence intensity of hybrid 11 is strength-
ened compared with hybrid Tb3* while a red shift or blue shift
does not occur when inert rare earth ions (Gd3*, Y3+, La®*) are
added. So we can get such a conclusion that the inert ions (Gd3+,
Y3*, La**) can strengthen the efficiency of luminescence.

3.3. Luminescent properties

On the basis of Iluminescence enhancement -effect
of active rare earth ions (such as Eu** or Tb’*) brought
by inert rare earth ions (i.e. La>*, Ga**, Lu**, Y>*) in solution
systems or solid complexes, we intercalated different ratios of
active rare earth ions (Eu’* or Tb3*) and inert rare earth ions
(La**, Ga**, Y?*) into the hybrid molecular materials with
chemical bonded Si—O network after the co-hydrolysis and
co-polycondensation process. The excitation spectra for the
Y3*—Eu?* co-doped hybrids are shown in Fig. 6. The excitation
spectra were obtained by monitoring the emission of the Eu**
at 613 nm, and all the systems have similar excitation spectra
that are dominated by a broad band from 388 to 403 nm with
the maximum peak at about 393 nm, which is attributed to
the f—f transition of Eu(IIl) ion. The emission spectra for the
Y3*—Eu3*/Gd**—Eu?*/La**—Eu?* co-doped hybrids are shown
in Fig. 7. The emission lines of hybrid material are assigned
to the characteristic "Dy — 'F; and Dy — ’F, transitions of
Eu3* at 588 and 613 nm, respectively, while the emission lines
of 5Dy — "F3 and °Dy — "F4 are too weak to be observed. The
florescence intensity at 613 nm is the strongest for the >Dy—'F,
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Fig. 6. Excitation spectra of (A) hybrid 11, (B) hybrid 21, (C) hybrid 12, (D)
hybrid Eu**, (E) hybrid 13 and (F) hybrid 31 for the Y>*-Eu* co-doped hybrids.

emission which is the most prominent one. From the excitation
spectrum, when Y3* (Gd**or La’*):Eu’* =1:1, the intensity
of the spectrum was stronger than others. Corresponding to
the excitation spectrum, the fluorescent intensities of hybrids
changed with the same sequence.

The excitation spectra for the Y>*—Tb>* co-doped hybrids are
shown in Fig. 8. The excitation spectra were obtained by mon-
itoring the emission of the Tb3* at 543 nm, and all the systems
presented a broad band at the range of 274-380 nm, centered
at 322 and 356 nm, respectively, which indicate that the HIPA-
TESPIC created the extensive localized system for the effective
energy absorption to sensitize the luminescence of Tb>*. The
emission spectra for the Y3*-Tb>*/La’*—Tb>*/Gd**-Tb**co-
doped hybrids are shown in Fig. 9. The emission lines of hybrid
material are assigned to the characteristic 5 D4—"Fy (J=6,5, 4,
3) transitions of Tb3* at 488, 543, 583 and 619 nm respectively,
and the florescence intensity at 543 nm is the strongest for the
SD4—"Fs emission which is the most prominent one. The flo-
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Fig. 7. (a) Emission spectra of (A) hybrid 11, (B) hybrid 21, (C) hybrid 12, (D) hybrid Eu?*, (E) hybrid 13 and (E) hybrid 31 for the Y3+_Eu3* co-doped hybrids (b)
Emission spectra of (A) hybrid 11, (B) hybrid 21, (C) hybrid 12, (D) hybrid Eu’*, (E) hybrid 13 and (E) hybrid 31 for the Gd3*-Eu’* co-doped hybrids (c) Emission
spectra of (A) hybrid 11, (B) hybrid 21, (C) hybrid 12, (D) hybrid Eu?*, (E) hybrid 13 and (E) hybrid 31 for the La3*-Eu?* co-doped hybrids.
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Table 2

The luminescent lifetimes of selected hybrid materials

Hybrids Eu hybrids Eul*-y3* Eu**-Gd** Eu**-La** Tb hybrids Tb3*-y3* Tb**-Gd** Tb>*-La**
co-hybridl 1 co-hybridl 1 co-hybrid11 co-hybrid11 co-hybridl 1 co-hybridl 1

Lifetimes (js) 1040 1380 1220 1295 1175 1605 1540 1460

rescence intensity at 543 nm is the strongest for the SD4—Fs
emission which is the most prominent one. From the excitation
spectrum, when Y3* (Gd** or La’*):Tb>* = 1:1, the intensity
of the spectrum was stronger than others. Corresponding to
the excitation spectrum, the fluorescent intensities of hybrids
changed with the same sequence.

Although HIPA can sensitize active rare earth ions (Eu®*,
Tb3*) and hybrid Eu**/Tb>* can exhibit good luminescence
characteristic, its intensity was not strong. However, the lumi-
nescence intensity of hybrids is much enhanced when inert rare
earth ions were added to the hybrid Eu3* (Tb**); and this is a
newly found co-luminescence system. Strong emission intensity
and narrow half emission width (below 15 nm) were observed,
which show the luminescence characteristics of the resulting
hybrid materials.

Further, we measured the luminescent lifetimes of selected
hybrids, which are shown in Table 2. The luminescent lifetimes
are longer than general rare earth complexes whose lifetimes are
mostly shorter than 1000 ws, suggesting the molecular hybrids
with strong chemical bonds enhance the luminescent stability.
Besides, the luminescent lifetimes of cohybrids fabricated with
inert rare earth ions are longer than those of pure Eu or Tb
hybrids. The introduction of inert RE3* ions (Y3*, Gd3*, La3*)
decreased the non-radiative deactivation energy transfer process,
resulting in the enhancement of luminescent lifetimes.

3.4. Luminescence mechanism

When the rare earth mixture composed of active rare earth
jons (Eu?*, Tb?*) and inert rare earth ions (Gd>*, Y3*, La**) in

rem = 543nm
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Fig. 8. Excitation spectrum of (A) hybrid 11, (B) hybrid 21, (C) hybrid 12, (D)
hybrid Tb>*, (E) hybrid 13 and (F) hybrid 31 for the Y>*-Tb>* co-doped hybrids.

appropriate ratio was added to the silica-based molecular hybrid
materials, the characteristic emission bands of active rare earth
ions (Eu?*, Tb?*) were much enhanced. The mechanism of this
luminescence enhancement effect is as follows. As we all know,
HIPA can absorb radiant energy and then transfer it to active
rare earth ions (Eu3+, Tb3+). Because the rare earth nitrates can
hydrolyze and polymerize together with HIPA-TESPIC and
TEOS, we considered that active rare earth ions and inert rare
earth ions coexist in the same molecular hybrids at molecular
degree through the chemical bonded Si—O network. It can be
presumed that the intramolecular energy transfer occurs and
the transfer process from the energy donor (HIPA) to Tb* is
enhanced, which agrees with the similar phenomenon in other
systems [27]. In this sort of co-luminescence system, because
the inert RE complexes and the active RE complexes are in the
same molecule and the distance between them is very small,
so the inert RE ions can act as a energy bridge through which
the energy of HIPA-TESPIC in the inert RE complexes can be
transferred to the active rare earth ions (Eu?*, Tb3*) through
intramolecular energy transfer, which lead to the enhanced
luminescence of Tb3* in the hybrids. In addition, from Fig. 2,
we can see that the concentration of inert rare earth ions is great
enough and each of Eu-HIPA-TESPIC molecular fragments is
surrounded by many Gd-HIPA-TESPIC molecular fragments.
These Gd-HIPA-TESPIC molecular fragments can form a
cage which acts as an energy-insulating sheath to prevent
collision with water molecules and decrease the energy loss of
Eu-HIPA-TESPIC, thus luminescence quantum efficiency and
luminescence intensity are improved.

Furthermore, from Figs. 7 and 9, the characteristic emission
of inert rare earth ions (Gd3*, Y3*, La*) is not observed. This
is probably due to the fact that inert rare earth ions possesses
a relatively stable 4f shell and the excited state of inert rare
earth ions is higher than the triplet start of HIPA-TESPIC, so
the energy of HIPA-TESPIC cannot be transferred to inert rare
earth ions by an intramolecular energy transfer process, and the
emission of co-doped hybrids are ascribed to direct excitation
of the Eu(III) ion or Tb(III) ion.

3.5. SEM image

Fig. 10 shows the selected scanning electron micrographs
for the molecular hybrid Gd**~Tb3 (1:1). From the scanning
electron micrograph, we can see no phase separation, which
demonstrates that that a homogeneous, molecular-based sys-
tem was obtained because of strong covalent bonds bridging
between the inorganic and organic phases which belongs to a
complicated huge molecule in nature. So we can conclude that
the hybrid Gd**—Tb? (1: 1) is apt to grow into infinite chainlike
structure from the microstructure view and retain the coordi-
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Fig. 9. (a) Emission spectra of (A) hybrid 11, (B) hybrid 21, (C) hybrid 12, (D) hybrid Tb>*, (E) hybrid 13 and (E) hybrid 31 for the Y3 -Tb3* co-doped hybrids (b)
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Fig. 10. SEM micrographs of Gd3*-Tb>* co-doped (1:1) molecular-based
hybrid.

nated positions in corresponding bulk materials. In the process
of co-hydrolysis and polycondensation, the structure of hybrids
can be formed according to different kinds of competitive mech-
anism. The first one is the tendency to form the one-dimensional
chain-like structure which due to the ligand is composed of 5-
hydroxyisophthalic acid, and the second one is the tendency
to form the polymeric network structure of Si—O, but the first
one plays a primary role. So in this way, the trunk structure
was achieved for the dominant growth along the terbium coor-
dination polymer chain in the former, while the latter formed
normally homogeneous materials.

4. Conclusion

In summary, we have designed molecular-based hybrid
systems with crosslinking reagent derivatives (TESPIC) and 5-
hydroxyisophthalic acid, and successfully gained a functional
bridge molecule which plays double roles. On the one hand, it
can coordinate to rare earth ions through carbonyl groups; on
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the other hand, the hydrolysis and polycondensation reactions
between triethoxysilyl of HIPA-TEAPIC and TEOS are ascribed
to the formation of Si—O-Si network structures for the same
alkoxy groups of them. A series of luminescent molecular-based
hybrid materials were firstly constructed using HIPA-TESPIC
coordinated to a different ratio blend of active rare earth ions
and inert rare earth ions. As active rare earth ions and inert rare
earth ions exist in the same molecule, the fluorescent enhance-
ment effect occurs and is discussed in details. This technology
can be expected in the assembly of other luminescent molecular-
based hybrid material. In addition, the resulting hybrids could
be shaped as monoliths or as transparent films with desired
luminescence efficiency.
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