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Abstract

Novel organic-inorganic mesoporous hybrid materials were synthesized by linking lanthanide (Tb>", Eu®") complexes to the
mesoporous MCM-41 through the modified meta-methylbenzoic acid (MMBA-Si) using co-condensation method in the presence of the
cetyltrimethylammonium bromide (CTAB) surfactant as template. The luminescence properties of these resulting materials (denoted as
Ln-MMBA-MCM-41, Ln = Tb, Eu) were characterized in detail, and the results reveal that luminescent mesoporous materials have high
surface area, uniformity in the ordered mesoporous structure. Moreover, the mesoporous material covalently bonded Tb>* complex
(Tb-MMBA-MCM-41) exhibits the stronger characteristic emission of Tb** and longer lifetime than Eu-MMBA-MCM-41 due to the
triplet state energy of organic legend MMBA-Si matches with the emissive energy level of Tb®* very well.

© 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Luminescent materials, especially lanthanide phosphors,
are applied in many devices of importance [1]. The interest
in the photophysical properties of lanthanide complexes
which act as optical centers in luminescent hybrid materials
has grown considerably since Lehn [2] asserted that such
complexes could be seen as light harvest supramolecular
devices. Particularly, the design of efficient lanthanide
complexes has acquired the attention of many research
groups, focusing on the diverse classes of ligands,
p-diketones, heterobiaryl ligands, etc. Our research group
is focusing on the lanthanide complexes with aromatic
carboxylic acid components, bipyridyl or their derivatives
[3-5]. In the recent decades, the sol-gel technology has
been frequently employed in the synthesis of a significant
number of unique attractive organic—inorganic hybrid
materials with delicate control and a wide scope of
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practical applications [6-9]. Consequently, hybrid silicate
materials derived from organo-bridged silsesquioxane
precursors with molecular scale homogeneity have now
been considerably fabricated by this room temperature
method. According to the chemical nature or different
synergy between components, hybrids can be categorized
into two main classes. The first class concerns all systems
where no covalent bond is present between organic and
inorganic parts but only weak interactions (such as
hydrogen bonding, van der waals force or electrostatic
forces). The corresponding conventional doping methods
seem hard to prohibit the problem of quenching effect on
luminescent centers due to the high vibration energy of the
surrounding hydroxyl groups. Therefore, another attract-
ing possibility with regard to the complexation of
lanthanide ions using ligands that are covalently fixed to
the inorganic networks has emerged. To date, few studies
in terms of covalently bonded hybrids with increasing
chemical stability have appeared and the as-derived
molecular-based materials exhibit monophasic appearance
even at a high concentration of lanthanide complexes
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[10-17]. Recently, our group has developed some types of
covalently bonded hybrid materials by modifying aromatic
acid with modified methyl, carboxyl or hydroxyl groups
[18-20] as ““‘molecular bridges”. These bridges cannot only
develop chelating effects that can bind to lanthanide ions
but also link to a silica host with a methylalkoxysilane
group.

Due to its peculiar characteristics, large internal surface
area and favorable uniformity and easily controlled size of
the pore, the ordered mesoporous molecular sieve MCM-
41 has attracted considerable interest in physics, chemistry,
materials science and other relevant areas [21]. There are
many reports on the modification of inorganic mesoporous
materials such as MCM-41 silica via post-grafting [22,23]
or direct condensing of tetraalkoxysilanes (or organo-
functionalized trialkoxysilanes) [24,25], which is also
referred to as one-pot synthesis. The latter approach to
synthesize MCM-41 was preferred by most researchers
because of the simple single-pot synthetic protocol and
easy control of organosilane distribution [26]. Besides the
advantages of very high surface area, large pore volume
and outstanding thermal stabilities, there are a large
number of hydroxyl groups in MCM-41, which provide
necessary qualification for the modification of inner face
and self-assembly of huge guest molecules, namely,
providing outstanding hosts for self-aggregation chemistry.
Many research efforts, which have focused on preparing
the organic/inorganic hybrids through the functionaliza-
tion of the exterior and/or interior surfaces, prompted the
utilization of MCM-41 in many areas [27-30].

Herein, we report a direct synthesis of meta-methylben-
zoic acid (MMBA)-functionalized MCM-41 mesoporous
hybrid material (MMBA-MCM-41), in which MMBA
was covalently bonded to the framework of MCM-41 by co-
condensation of the modified MMBA (denoted as MMBA-
Si) and the tetracthoxysilane (TEOS) using the cetyltri-
methylammonium bromide (CTAB) surfactant as template.
The luminescent lanthanide (Tb>*, Eu’") complexes on
functionalized MCM-41 with modified MMBA (denoted as
Ln-MMBA-MCM-41, Ln=Tb, Eu) were obtained by
introducing Ln* " into the MMBA-MCM-41 hybrid materi-
al. Thus, the lanthanide complex Ln(MMBA); was success-
fully linked to the framework of MCM-41 via a covalently
bonded MMBA group. Full characterization and detail
studies of luminescence properties of all these synthesized
materials were investigated in relation to guest-host
interactions between the organic complex and the silica
matrix.

2. Experimental
2.1. Materials

CTAB (Aldrich), TEOS (Aldrich), 3-(methylpropyl)-
triethoxysilane (APES, Lancaster), MMBA, and ethanol

were used as received. The solvent ether (Et,O) was used
after desiccation with anhydrous calcium chloride.

LnCl; (Ln=Tb, Eu) ecthanol solution (EtOH) was
prepared as follows: the rare-earth oxide (TbsO7, Eu,O3)
was dissolved in concentrated hydrochloric acid (HCI), and
the surplus HCI was removed by evaporation. The residue
was dissolved with anhydrous ethanol. The concentration of
the rare-earth ion was measured by titration with a standard
ethylenediamine tetraacetic acid (EDTA) aqueous solution.

2.2. Synthetic procedures

2.2.1. Synthesis of MMBA-functionalized MCM-41
mesoporous material (MMBA-MCM-41)

The MMBA-Si was prepared as follows: MMBA
(1 mmol, 0.136g) was first converted to acyl chloride by
refluxing in excess SOCI, at the nitrogen atmosphere for
4-5h. After isolation, the acyl chloride was directly reacted
with 3-(methylpropyl)-tricthoxysilane (APES) (1 mmol,
0.221g) in ethyl ether in presence of triethylamine. The
mixture was heated at 65°C in a covered flask for approxi-
mately 12 h at the nitrogen atmosphere. After isolation and
purification, a yellow oil sample MMBA-Si was obtained.
Anal: caled. for C;;H,9NO,Si: C: 60.17; H: 8.55; N: 4.13;
Found: C, 60.12; H, 8.49; N, 4.11%. '"H NMR (CDCls):
0 7.78(1H, s), 7.76(1H,s), 7.41(2H,s), 3.80(1H.,t), 3.45(10H,m),
3.10(2H,s), 2.33(3H.d), 1.57(4H,s), 1.19(2H,s), 0.59(3H,s).
13C NMR (CDCls): § 167.3(C;), 137.6(C;), 133.7(Cs),
130.6(Cg), 129.4(Cy), 128.4(Cs), 126.2(C5), 72.5-71.4(Co—Cyy),
69.9(C11), 55.9(Cy), 49.8(C;»), 18.4(Cy3).

The mesoporous material MMBA-MCM-41 was synthe-
sized as follows: CTAB (1.1g) was dissolved in concen-
trated NH;-H,O (12mL), to which deionized water
(26 mL), TEOS (5.5mL), and MMBA-Si were added with
the following molar composition: 0.12 CTAB:0.5
NH;-H,0:0.96 TEOS:0.04 MMBA-Si:58.24 H,O. The
mixture was stirred at room temperature for 24h and
transferred into a Teflon bottle sealed in an autoclave,
which was then heated at 100 °C for 48 h. Then the solid
product was filtrated, washed thoroughly with deionized
water, and air-dried for 12h at room temperature.
Removal of the surfactant CTAB was conducted by
Soxhlet extraction with ethanol for 2 days to give the
sample denoted as MMBA-MCM-41.

2.2.2. Synthesis of MCM-41 mesoporous material
covalently bonded with the lanthanide (Ln’*) complexes
(denoted as Ln-MMBA-MCM-41, Ln=Tb, Eu)

The sol-gel-derived mesoporous hybrid material was
prepared as follows: while being stirred, MMBA-MCM-41
was soaked in an appropriate amount of LnCl; ethanol
solution with the molar ratio of Ln**: MMBA-Si being
1:3. The mixture was heated at 75 °C under reflux for 12h,
followed by filtration and extensive washing with EtOH.
The resulting materials Le-MMBA-MCM-41(Eu®*, Tb* ")
was dried at 60°C under vacuum overnight and the
lanthanide ion content of the materials was 1.26%
(mol%). The hybrid mesoporous Ln-MMBA-MCM-41
product was obtained (as outlined in Fig. 1).
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Fig. 1. The scheme for the synthesis procedure and predicted structure of
Ln-MMBA-MCM-41 (Ln = Tb, Eu).

2.3. Characterization

IR spectra were measured within the 4000-400cm ™'
region on an infrared spectrophotometer with the KBr
pellet technique. "H NMR spectra were recorded in CDCl5
on a Bruker AVANCE-500 spectrometer with tetramethyl-
silane (TMS) as internal reference. Elemental analyses
(C, H, N) were determined with an Elementar Cario EL
elemental analyzer. The ultraviolet absorption spectra were
taken with an Agilent 8453 spectrophotometer. X-ray
powder diffraction patterns were recorder on a Rigaku
D/max-rB diffractometer equipped with a Cu anode in a 20
range from 0.6° to 6°. Nitrogen adsorption/desorption
isotherms were measured at the liquid nitrogen tempera-
ture, using a Nova 1000 analyzer. Surface areas were
calculated by the Brunauer—-Emmett-Teller (BET) method
and pore size distributions were evaluated from the
desorption branches of the nitrogen isotherms using the
Barrett—Joyner—-Halenda (BJH) model. The fluorescence
excitation and emission spectra were obtained on a Perkin-
Elmer LS-55 spectrophotometer. Luminescence lifetime
measurements were carried out on an Edinburgh FLS920
phosphorimeter using a 450 W xenon lamp as excitation
source. Scanning electronic microscope (SEM) was mea-
sured on Philip XL30 operated. Transmission electron
microscope (TEM) experiments were conducted on a
JEOL2011 microscope operated at 200kV or on a JEM-
4000EX microscope operated at 400 kV.

3. Results and discussion

3.1. Characterization and physical properties of meta-
methylbenzoic acid-functionalized mesoporous silica MCM-41

The presence of the organic ligand MMBA covalently
bonded to the mesoporous MCM-41 was characterized by

IR and UV absorption spectra. The IR spectra for MMBA,
MMBA-Si, and MMBA-MCM-41 are shown in Fig. 2. The
occurrence of the grafting reaction was supported by the
bands located at 1634cm™', which originated from the
absorption of amide groups (-(CONH-). In addition, a
series of strong bands at around 2975, 2928, and 2884 cm ™!
are due to the vibrations of methylene—(—CH,);—in the
APES, proving that 3-(methylpropyl)-triethoxysilane has
been successfully grafted on to MMBA [31]. In addition,
the formation of the Si-O-Si framework is evidenced
by the bands located at 1087 em ™! (v, Si—O), 805cm™!
(ve, Si-0), and 466cm~' (5, Si-O-Si) (v represents
stretching, ¢ in plane bending, s symmetric, and as
asymmetric vibrations), indicate the absorption of siloxane
bonds. Furthermore, the peaks at 1622 and 1383 cm™!
originating from —CONH- group of MMBA-Si, can also
be observed in hybrid mesoporous material MMBA-
MCM-41, which is consistent with the fact that the
MMBA group in the framework remains intact after both
hydrolysis-condensation reaction and the surfactant ex-
traction procedure [28].

Fig. 3 shows the UV absorption spectra of MMBA,
MMBA-Si and MMBA-MCM-41. Comparing the absorp-
tion spectrum of MMBA-Si with that of MMBA, we can
see a blue-shift of the major n—n* electronic transitions
from 246 to 219nm, and the appearance of the new peak
centered at 242nm, indicating that modification of
MMBA, which was grafted by 3-(methylpropyl)-triethoxy-
silane, influences its corresponding absorption.

3.2. Characterization and physical properties of lanthanide
(Ln**) complexes covalently bonded to MMBA-
functionalized mesoporous MCM-41

The small-angle X-ray diffraction (SAXRD) patterns
and nitrogen adsorption/desorption isotherms are popular

MMBA-MCM-41

Absorbance(%)

MMBA

T T T T T T T T T i T
3000 2500 2000 1500 1000 500

Wavenumber(cm™)

—_—
4000 3500

Fig. 2. IR spectra of MMBA-Si and covalently bonded hybrid
mesoporous material MMBA-MCM-41.
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Fig. 3. UV absorption spectra for meta-methylbenzoic acid, MMBA-Si
and MMBA-MCM-41.

and efficient methods to characterize highly ordered
mesoporous material with hexagonal symmetry of the
space group pomm. The SAXRD patterns of pure MCM-
41(a) mesoporous silicon (which is prepared according to
Refs. [32,33]), MMBA-MCM-41(b) and two kinds of
lanthanide complexes functionalized MCM-41 materials
are presented in Fig. 4. For all materials, the patterns
clearly show the order of the hexagonal array of the MCM-
41 structure and exhibit distinct Bragg peaks in the 26
range of 0.6-6°, which can be indexed as (100), (110), and
(200) reflections. Compared with the SAXRD pattern of
MCM-41, the covalent grafting of the corresponding
organosiloxanes to the silica walls do not induce consider-
able lattice shrinkage, as indicated by the similar d;¢q
spacing values of Ln-MMBA-MCM-41 (Ln = Tb, Eu) (see
Table 1), indicating that the framework hexagonal ordering
has been retained very well upon the introduction of Ln*"
complexes. In addition, it is worth noting that lanthanide
complex functionalized materials Ln-MMBA-MCM-41
appear decreasing in diffraction intensity as compared
with MCM-41, which is probably due to the presence of
guest moieties inside the pore channels of host MCM-41
material, resulting in the decrease of the mesoporous order,
but not the collapse in the pore structure of mesoporous
materials [29]. The hexagonal symmetry of Tb-MMBA-
MCM-41 inferred from SAXRD is also in agreement with
the HRTEM investigation. HRTEM image of the meso-
porous material is given in Fig. 5 and confirms the
suggested p6bmm symmetry, indicating that after the
complexation process the mesoporous structure of Tb-
MMBA-MCM-41 can be substantially conserved.

The N, adsorption—desorption isotherm and pore size
distribution for MCM-41, MMBA-MCM-41, Tb-MMBA-
MCM-41, and Eu-MMBA-MCM-41 samples are shown in
Fig. 6. They all display Type IV isotherms with HI-type
hysteresis loops at low relative pressure according to the
ITUPAC classification [34-37], characteristic of mesoporous

(100)
40000 - a
—~ 30000
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8 b
2
2 20000 -
2
£
10000 4 d
(110) (200
O T T T N I N T N I N 1
1 2 3 4 5 6
20(degrees)

Fig. 4. XRD patterns of MCM-41 (a), MMBA-MCM-41 (b), Tb-
MMBA-MCM-41 (c), and Eu-MMBA-MCM-41 (d).

Table 1
Textural data of MCM-41, MMBA-MCM-41-Tb, and MMBA-MCM-41-
Eu®

Sample dyoo SBeT v , Dgjn ao
(nm) (m*g) (em’/g)  (nm)

MCM-41 4.07 1028.11  0.77 3.43 4.70
Tb-MMBA-MCM-41 3.85 534.50 0.52 2.70 4.45
Eu-MMBA-MCM-41 3.84 516.60 0.50 2.71 4.43

409 is the d(100) spacing, ap—the cell parameter (ap = 2d)¢0/3),
Sger—the BET surface area, V~—the pore volume, and D—the pore
diameter.

Fig. 5. HRTEM image of Tb-MMBA-MCM-41 recorded along the [100]
zone axe.
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materials with highly uniform size distributions. From the
two branches of adsorption—desorption isotherms, the
presence of a sharp adsorption step in the P/P, region
from 0.3 to 0.5 and a hysteresis loop at the relative pressure
P/Py>0.45 shows that all materials process a well-defined
array of regular mesopores. The specific area and the pore
size have been calculated by using BET and BJH methods,
respectively. The structure data of all these mesoporous
materials (BET surface area, total pore volume, pore size,
etc.) were summarized in Table 1. It can be clearly seen that
mesoporous materials MMBA-MCM-41 and Ln-MMBA-
MCM-41 exhibit a smaller specific area and a slightly
smaller pore size and pore volume in comparison with
those of pure MCM-41, which might be due to the presence
of organic ligand MMBA on the pore surface and the co-
surfactant effect of MMBA-Si, which interacts with
surfactant and reduces the diameter of the micelles
[38,39]. This further confirmed that Ln(MMBA-Si); com-
plexes covalently bonded with the mesoporous silica
MCM-41.

The IR spectra of MCM-41, Eu-MMBA-MCM-41,
and Tb-MMBA-MCM-41 are shown in Fig. 7. In the
MCM-41 host material, the evident peaks appearing at
1000-1250cm™' range are due to asymmetric Si-O
stretching vibration modes (v, Si—O), and the peak at
805cm™' can be attributed to the symmetric Si-O
stretching vibration (vs, Si—O). The Si-O-Si bending
vibration (8, Si-O-Si) can also be observed at 465cm ™",
and the bands at 968cm™' is associated with silanol
(Si—-OH) stretching vibrations of surface groups [40]. In
addition, the presence of hydroxyl can be clearly evidenced
by the peak at 3462cm™'. Compared with MCM-41, the
hybrid mesoporous materials Ln-MMBA-MCM-41
(Ln =Tb, Eu) not only exhibit the similar infrared
absorption bands as the silica framework but also the
peaks at around 1380cm™' range, which just originated
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Fig. 6. N, adsorption/desorption isotherms of Tb-MMBA-MCM-41 (a),
Eu-MMBA-MCM-41 (b), MCM-41 (c), and MMBA-MCM-41 (d) hybrid
materials.
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Fig. 7. IR spectra of MCM-41 (a), Eu-MMBA-MCM-41 (b), and Tb-
MMBA-MCM-41 (c).
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Fig. 8. Excitation (a) and emission (b) spectra of Tb-MMBA-MCM-41
hybrid material.

from the -CONH- group of MMBA-Si, indicating that
MMBA-Si has been grafted onto the wall of MCM-41.

3.3. Photoluminescent properties

Fig. 8 and Fig. 9 show the excitation and emission
spectra of pure Tb(MMBA); complex and Tb-MMBA-
MCM-41 mesoporous material. The excitation spectrum
(Fig. 8a), monitoring the strongest emission band of the
Tb>" jon at 545nm, presents a large broad band between
225 and 325nm in Tb-MMBA-MCM-41 attributed to the
light absorption by the charge transfer state (CTS) of
Tb—O. Compared with the pure Tb(MMBA); complex
(Fig. 9a), the excitation becomes narrower and the
maximum excitation wavelength shifts from 357 to
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290nm for Tb-MMBA-MCM-41. The blue-shift of the
excitation bands as the introduction of Tb*>" complex into
the mesoporous material is due to a hypsochromic effect
resulting from the change in the polarity of the environ-
ment surrounding the terbium complex in the mesoporous
material [30]. Besides, the sharp excitation peaks in the
long wavelength region around 400 nm can be ascribed the
characteristic ff transition of Tb®". From the emission
spectra (Fig. 8b), characteristic Tb>" ion emissions are
observed. Three bands can be clearly seen in the
450650 nm range, which are assigned to the °Dy—'F,
(J = 6-4) transitions at 487, 544, 582, 620 nm, respectively.
As a result, the strong green luminescence was observed in
the emission spectra, which indicated that the effective
energy transfer took place between the modified MMBA
and the chelated Tb®" ions. The hybrid mesoporous
material Tb-MMBA-MCM-41 shows relatively strong
emission due to the chemically covalently bonded mole-
cular Si—O network structure between the complex and the
mesoporous silica. Furthermore, the luminescence inten-
sities of the °Dy— 'Fs transition for pure To(MMBA),
complex and Tb-MMBA-MCM-41 were compared. The
relative intensity of Tb-MMBA-MCM-41 mesoporous
material is stronger than that of pure Tb(MMBA);
complex, which indicates that the MCM-41 is an excellent
host for the luminescence Th(MMBA); complex.

The excitation and emission spectra of Eu-MMBA-
MCM-41 are given in Fig. 10. The excitation spectrum was
obtained by monitoring the emission of Eu®" at 613nm
and dominated by a distinguished band centered at 324 nm.
As shown in Fig. 10a, the excitation spectrum of the
mesoporous material Eu-MMBA-MCM-41 exhibits CTS
of Eu—O from 220 to 350 nm, and a peak at 392 nm can be
observed due to the f—f absorption transition ("Fo— °D>)
of Eu’" ion. The emission lines of Eu-MMBA-MCM-41
(Fig. 10b) were originated from *Dy—'F;, *Dy—F,,

5D4 7F5
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b
3
© a Agg=357 Nnm
e e0
2
x
]
c
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£
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5 7
K] So,—'F4
x 5 F
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T T T T T
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Fig. 9. Excitation (a) and emission (b) spectra of pure Tb(MMBA);
complex.
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Fig. 10. Excitation (a) and emission (b) spectra of Eu-MMBA-MCM-41
hybrid material.

’Do—"F, transitions at 589, 613, and 703nm of Eu®™.
The °Dy,—’F, transition is a typical electric dipole
transition and strongly varies with the local symmetry of
Eu®" ions, while the °Dy— F; transition corresponds to a
parity-allowed magnetic dipole transition, which is practi-
cally independent of the host material. In addition, among
these transitions, Dy — 'F, transition shows the strongest
red emission, suggesting the chemical environment around
Eu®" ions is in low symmetry [41]. Compared with the pure
Eu(MMBA); complex(Fig. 11b), the excitation band
becomes narrower and the maximum excitation wavelength
shifts from 395 to 324 nm. The blue-shift of the excitation
bands as the introduction of Eu®® complex into the
mesoporous material is due to a hypsochromic effect
resulting from the change in the polarity of the environ-
ment surrounding the Eu®® complex in the mesoporous
material [30]. The high baseline in the left emission region
(Fig. 10b) corresponded to the Si—O network in the host
matrix, indicating that the energy transfer from MMBA-Si
to Eu’" is not effective. As a consequence, Eu®" ion
covalently bonded hybrid mesoporous material cannot give
the same high-emission intensities as Tb-MMBA-MCM-
41, showing that the modified ligand MMBA-Si is the most
efficient for Tb* " ion and could sensitize its corresponding
green emission due to the proper energy level match
(Fig. 12).

The typical decay curve of the Tb and Eu mesoporous
hybrid materials (Fig. 11a and b) were measured with the
excitation wavelength at 340nm and the emission wave-
length at 545nm for Tb mesoporous hybrid material
and 613nm for Eu mesoporous hybrid material, respec-
tively. The decay curves can be described as a single
exponential (Ln(S(¢)/Sg) = —kt = —t/1), indicating that
all Eu®" and Tb®" ions occupy the same average coordi-
nation environment. The resulting lifetimes of Tb*" and
Eu’" hybrids were given in Table 2. Furthermore, we
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Fig. 11. Excitation (a) and emission (b) spectra of pure Eu(MMBA);
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Fig. 12. Decay curves of Tb-MMBA-MCM-41 (a) and Eu-MMBA-
MCM-41 (b) hybrid materials.

selectively determined the emission quantum efficiencies of
the *D, europium ion excited state for Eu®" hybrids on
the basis of the emission spectra and lifetimes of the
D, emitting level using the four main equations according
to Refs. [42-47]. The detailed principle and method
was adopted from Ref. [48] and the data were shown in
Table 2:

Aoy = Ao1(Los/To1)(vo1 /vo), (D
Araa = ZAos = Aoo + Ao1 + Aoz + Aoz + Ao, (2)
T=A 4+ A7), 3)
N = Arad/(Arad + Anrad)- “4)

Here Ag; is the experimental coefficients of spontaneous
emissions, among Ag; is the Einstein’s coefficient of
spontaneous emission between the °D, and 'F, energy
levels, which can be determined to be 50s™" approximately
[48] and as a reference to calculate the value of other A ;.
I is the emission intensity and can be taken as the
integrated intensity of the SDo—F; emission bands
[43,44]. vo; refers to the energy barrier and can be
determined from the emission bands of Eu’®*’s °Dy—F,
emission transitions. 4,9 and A,,.,q mean to the radiative
transition rate and nonradiative transition rate, respec-
tively, among A,.q can be determined from the summation
of Ag; (Eq. (2)). On the basis the above equation, the
luminescence quantum efficiency can be calculated from
the luminescent lifetime, radiative, and nonradiative
transition rate. The covalently bonded hybrid material
Eu-MMBA-MCM-41 possesses the low quantum efficiency
of 4.5%, further suggesting the unsuitable energy match
and ineffective energy transfer in this hybrid system.

4. Conclusion

In summary, the lanthanide (Tb®", Eu®") complexes
have been successfully covalently immobilized in the
ordered MCM-41 mesoporous material by the modifica-
tion of meta-methylbenzoic acid (MMBA) group with
3-(triethoxysilyl)-propyl isocyanate (TEPIC) using a co-
condensation method. The synthesis of MMBA-MCM-41
provides a convenient approach of tailoring the surface
properties of mesoporous silicates by organic functionali-
zation, and the derivative materials Ln-MMBA-MCM-41
(Ln = Tb, Eu) all retain the ordered mesoporous struc-
tures. Further investigation into the luminescence proper-
ties of Ln-MMBA-MCM-41 mesoporous materials show
that the characteristic luminescence of the corresponding
lanthanide ions (Ln®*) through the intramolecular energy
transfers from the modified ligand to the lanthanide ions.
Meantime, the luminescent lifetime of two mesoporous
materials indicates the similar feature to the luminescence
intensities, elucidating that the triple state energy level of
MMBA-Si is more quite suitable for the central Tb®* than
Eu’". Moreover, compared with the pure rare-earth
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Table 2

Photoluminescent data of Ln-MMBA-MCM-41 (Ln = Tb, Eu)
Jem (nm) I'(a.u) T (ms) 1/ (m/s) A; (m/s) Apr (ms) n (%) Ny
486 44477
543 645.00

Tb-MMBA-MCM-41 580 133.37 0.76 1.315 - - - -
612 156.25
589 622.90

Eu-MMBA-MCM-41 613 475.02 0.31 3.230 0.15 3.08 4.5 3
708 583.04

complex doped with organic ligand MMBA, the thermal
stabilities and photophysical properties of the lanthanide
complexes will be improved by the host matrix MCM-41.
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