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A novel mesoporous SBA-15 type of hybrid material (3-trimethoxysilylpropyl)[4-(2-hydroxyphenyl)methylene]
benzenesulfonamide (Schiff-SBA-15) has been obtained by co-condensation of tetraethyl orthosilicate and the
organosilane, and the result of XRD confirms the order hexagonal structure of the composite. This hybrid mesoporous
material is fluorescent-active, exhibiting high selectivity for sensing Cu?* in polar solution. The remarkable fluorescence
guenching in emission spectrum upon the addition of Cu?* is attributed to the intramolecular charge transfer after
the formation of a coordinate complex of a large conjugate system and Cu?* ions.

Introduction considerable interest and opens up an extraordinary field of
investigation'? CL?* is a significant environmental pollutant
and an essential trace element in biological syst€nss,

the design and synthesis of chemosensors féf €onstitute

a very active area of research as a result of the demand for
more sensitive and selective chemosensors. Although chro-

mogenic sensors have attracted much attention due to their

Organically functionalized mesoporous siliceous materials
have generated a great deal of interest in the fields of
catalysis, adsorptioh? and sensofgiue to their high surface
areas and large ordered pores ranging from 2 to 50 nm with
narrow size distributions. Among these potential applications,

trapping heavy metal ion by the hybrid material is crucial capability to detect analytes by the naked eye without

for environmental cleanupFor this purpose, a variety of resorting to any expensive instruméftand fluorescence
bulky organic functional molecules such as tetraazacyclotet- . 9 y exp

radecane, izocyanurate, and Schiff-base were grafted oS also popular for its in-real-time detection and sensitiv-

15,16 i 1 i
incorporated inside the channel of mesoporous matériéls. 'y, the synthetic C& selective fluoroionophores so far

The design and synthesis of these innovative hybrid meso_reported7vlasuffer from low sensitivity and, in general, higher
porous materials for heavy metal ions detection are of concentrations of interfering metal ions disturb the selectivity

toward Cd".

In these systems, the solid support lends stability while
the chromophore fluorophore provides the necessary binding
site for the analyte, leading to changes in its properties such
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Synthesis Scheme of Hybrid Chemosensor SBA-15-Schiff: (a) Ether, 273 K; (b) TEOS, P123; (c) Ethanol, Salicylal, Room Temperature
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as color, fluorescence, and nonlinear optical behavior. Among purchased from Aldrich. Tetraethyl orthosilicate (TEOS), the silica
the inorganic host materials, mesoporous materials havesource, (aminopropyl)triethoxysilane (APTES), salicylaldehyde,

attracted much attention for electronic and optical applica- acetanilide, and chlorosulfonic acid were procured from Nanjing
tions due to their high surface area, uniform porosity, and Chemical Reagent Company (China). Cu¢CI®O), and the other

low absorption and emission in the visible spectrum, making

them suitable host materials for sensing molecules or'ffis.

Recently, we reported a technique for encapsulating a small

organic molecular SC (4-chloroanilinésalicylidene) into

the channel of amine-functionalized SBA-15 to form a zinc

chemosensoi

metal salts were provided by Shanghai Fourth Chemical Reagent
Company (China). All of the reagents and solvents were of
analytical reagent grade and used as received.

Synthesis of the Organosilane phen-Skive grams of aceta-
nilide is dissolved into 12 mL of chlorosulfonic acid at room
temperature. The mixture was decanted into ice water (100 g), then
the white suspension was filtered and dissolved into ether at once,

The co-condensation method is one of the two approachesang the water from the delivery flask was thrown away. (3-
grafting and direct synthesis, to surface modification that was aminopropyl) triethoxysilane (8.6 g) and triethylamine (3 mL) were

first reported in 1996223 This method allows the surface

added to the ether solution and the mixture was then stirred at 273

modification of the mesoporous materials in a single step K for 5 h. The final white suspension was filtered and dried at

by copolymerization of organosilane with silica or organo-

room temperature under vacuuta. NMR (CDCl;, 300 MHZz): 6y

silica precursors in the presence of a surfactant, enabling a0-45 (m, 2 H, CHSi), 1.2 (m, 2 H, CH), 3.06 (s, 3 H, OMe), 3.36
higher and more homogeneous surface coverage of orga{S: 15 H, OEt), 3.69 (t, 2 H, Ci), 6.97 (s, 1 H, NH), 7.03 (s, 4

nosilane functionalities than the grafting met#é€&In this

paper, we utilize the direct synthesis method to create the
Schiff base fluorophore-functionalized mesostructure hybrid
material, and this new procedure involves a one-step
synthetic strategy based on the co-condensation of tetra-
ethoxysilane (TEOS) and the organosilane phen-Si (Schem

H, Ar), 7.74 (s, 1 H, NH). IR datawmax (KBr pellets)/cnmt 3359
(br, CH, arom), 3100 (br, CH, arom), 2980 (m;€), 2943 (m,
C—H), 1530 (s, HN-S=0), 1319 (s, $0, arom), 1084 (m, St
O, arom).

Preparation of Hybrid Mesoporous Materials Schiff-SBA-
15. The preparation was carried out according to the literature.

€rhe mixture of P123 (2.0 g, 0.034 mmol), 2.0 M of HCI solution

1). The block copolymer P123 is used as the surfactant (60 mL, 100 mmol), and bO (15 mL, 0.83 mol) was heated at

template and phen-Si here is the source of orggnic groups.313 K. To this clear solution, TEOS (4.25 g, 20.4 mmol) and phen-
The new fluorescence sensor Schiff-SBA-15 displayed an sij (200 mg, 0.63 mmol) were first dissolved in a small volume of

excellent selectivity for Cti in an ethanotwater mixed

methanol and then added into the surfactant solution since the

solution. To the best of our knowledge, there is no report presence of a suitable amount of methanol in the system might

on the assembly of a Clrselective chemosensor based on

increase the orderliness of the mesoporous materials compared with

mesoporous material SBA-15 by using the co-condensation@ purely agueous systethThe mixture was stirred at 313 K for

method. XRD, N adsorption-desorption, UV-vis, FT-IR,

and fluorescence spectroscopy are employed to characteriz

the obtained hybrid materials.

Experimental Section

Reagent and ChemicalsPluronic P123, an ethylene oxide (EO)/
propylene oxide (PO) triblock copolymer with composition 5O
PO, EO, and with an average molecular weight of 5800, was

(19) Brasola, E.; Mancin, F.; Rampazzo, E.; Tecilla, P.; Tonellat&Ghém.
Commun 2003 3026.

(20) Mgéivier, R.; Leray, |.; Lebeau, B.; Valeur, B. Mater. Chem2005
15, 2965.

(21) Gao, L.; Wang, Y.; Wang, J. Q.; Huang, L.; Shi, L. Morg. Chem.
2006 45, 6844.

(22) Burkett, S. L.; Sims, S. D.; Mann, €hem. Commun1996 1367.

(23) Macquaire, J. DChem. Commuri996 1961.

(24) Richer, R.; Mercier, LChem. Commuril998 1775.

(25) Macquaire, J. D.; Jackson, D. B.; Mdoe, J. E. G.; Clark, Néiv. J.
Chem.1999 23, 539.
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24 h, then transferred into a Teflon bottle sealed in an autoclave,

nd heated to 373 K for another 24%The product was recovered

y filtration and air-dried. To remove the surfactant, 1.0 g of as-
synthesized material was twice stirred in 150 mL of ethanol and
1.0 g of 37% HCI aqueous solution at 333 K for 6 h. The resulting
surfactant-removed solid was filtered and washed with distilled
water and ethanol, and the product was denoted as phen-SBA-15.
After being dried in air, the product was stirred in the salicylalde-
hyde ethanol solution, and a bright yellow precipitate emerged after
3 min of stirring. The reaction was maintained at room temperature

(26) Huh, S.; Wiench, J. W.; Yoo, J.; Pruski, M.; Lin, W. S. €hem.
Mater. 2003 15, 4247.

(27) (a) Moller, K.; Bein, T.; Fischer, R. XChem. Mater1999 11, 665.
(b) Anderson, M. T.; Martin, J. E.; Odinek, J. G.; Newcomer, P. P.
Chem. Mater1998 10, 1490.

(28) (a) Valeur, B.; Leray, ICoord. Chem. Re 200Q 205, 3. (b) Silva,
A. P.; Fox, D. B.; Huxley, A. J. M.; Moody, T. SCoord. Chem. Re
200Q 205, 41.
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for 4 h and then the product was filtered, washed with ethanol,
air-dried, and denoted as Schiff-SBA-15.

Instruments and Spectroscopic MeasurementsTheH NMR
experiments were operated on a set of Bruker DPX-300 spectrom-
eters at 298 K, and CDglvas used as the solvent. All chemical

Intensity / a.u.

shifts are reported in the standaddnotation of ppm; positive C

chemical shifts are denoted to higher frequency from the given

reference. X-ray powder diffraction (XRD) measurements were B

performed with a Brucker AXS D8 ADVANCE diffractometer with

Cu Ka radiation at 40 kV and 20 mA. Nitrogen adsorption/ A

desorption isotherms were measured at the liquid nitrogen temper- . . .

ature, using a Nova 1000 analyzer. Samples were degassed at 1 2 3 4
373 K overnight before measurements. Specific surface areas were 2 theta / degrees

calculated using the BET method. Pore size distributions were Figure 1. Low-angle XRD patterns of (A) SBA-15, (B) Schiff-SBA-15,
evaluated from the desorption branches of the nitrogen isothermsand (C) phen-SBA-15.

using the BJH method. The IR spectra were obtained on a Bruker
Vector 22, and the sample was mixed with KBr at a ratio of 3:97
(w/w) and then pressed as a thin disk for testing.-tNs diffuse-

reflectance absorption spectra of the opaque powders were recorded

under ambient conditions from 200 to 600 nm on a Shimadzu UV-

2401PC spectrophotometer adapted with a praying mantis attach-

ment and use of BaS@s the reference. Steady-state fluorescence
spectra were acquired on a Varian-Cary Eclips spectrofluorometer
at room temperature. All spectrophotometric titrations were per-
formed with a suspension of the sample dispersed in a ethanol/
water (9:1, v/v) solution (pH 7.0), and then the sample was brought
into a quartz cell for measurement. Combustion chemical analyses
(C, H, and N) of the silicates containing organic material were
carried out in a CHNG Rapid (Germany) elemental analyzer.
Curve fitting and data analysis of the Stetviolmer quenching
relationships were completed in Microsoft Excel 2000, using the
Solver plug-in application and minimizing the sum of the square
of the residuals.

Results and Discussion

Synthesis and Characterization.Organic ligand phen-
Si bearing the Si(OEf)group was synthesized according to
the procedure for the synthesis of (3-trimethoxysilylpropyl)-
[4-(2-hydroxyphenyl)methylene] benzenesulfonamide (Schiff-
SBA-15), as mentioned in the Experimental Section. As for
the imprinting technique used in our experiment, the phen-
Si plays the role of connecting the organic moiety in the
silica matrix during the co-condensation process by covalent
linking to the matrix?® and the—C=N— bond combined by
stirring the product phen-SBA-15 in the salicylaldehyde
ethanol solution. Thus, the surfactant-extracted product phen-
SBA-15 was stirred in salicylaldehyde ethanol solution for
obtaining the Schiff base. The hybrid mesoporous product,
Schiff-SBA-15, was obtained as outlined in Scheme 1.

Figure 1 illustrates the X-ray diffraction (XRD) patterns
of bare SBA-15 and the hybrid materials phen-SBA-15 and
Schiff-SBA-15. The samples of phen-SBA-15 and Schiff-
SBA-15 show three peaks, one intense diffraction peak
corresponding tal;oo Spacing and two weak higher order
reflections, which can be indexed as the (100), (110), (200)
reflections of the hexagonal symmetry lattice of SBA-15
material. These results suggest the presence of a periodic
arrangement of hexagonal geometry channels in both hybrid
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Figure 2. N adsorptior-desorption isotherms of (A) phen-SBA-15 and
(B) Schiff-SBA-15. The insert shows the BJH pore size distributions
determined from the adsorption branch. The ordinates of A in Figure 2 are
offset by 220 rd g~1, while the ordinates of A in the insert of the figure
are offset by 1.0 cfhg™.

Figure 2 depicts the Nadsorptionr-desorption isotherms
of phen-SBA-15 and Schiff-SBA-15 samples. The type IV
isotherms, with a clear H1-type hysteresis loop at high
relative pressure that is a characteristic of mesoporous
materials (pore diameters-50 nm), provide further proof
on the mesoporous structure of two hybrid matef&#¥The
insert in Figure 2 shows the BJH pore size distribution plots
of two hybrid materials in which an average BJH pore size
is measured from the adsorption branch. The pore size
distributions are narrow in the range of-8 nm (centered
at 6.4 nm) for both phen-SBA-15 and Schiff-SBA-15
samples, indicating that the mesostructure of SBA-15 are
remained after co-condensation of and grafting of Schiff
ligands.

Table 1 summarizes the textural parameters of phen-SBA-
15 and Schiff-SBA-15 samples. Anchoring salicylaldehyde
moiety onto phen-SBA-15 affects the BET specific surface
area and porosity of the composite, giving additional proof
of the inner channel immobilization of Schiff base fluorescent
chromophore. The BET surface area of phen-SBA-15 sample
declines from 549 to 539 fng~! due to the linkage of
salicylaldehyde moiety. Likewise, the pore volume of phen-
SBA 15 also slightly decreases from 0.849 to 0.843 gm
concomitant with the pore size changing from 0.625 to 0.618

materials.

(29) Luo, Y.; Lin, J.Microporous Mesoporous Mate2005 86, 23.

(30) Jia, M.; Seifert, A.; Berger, M.; Giegengack, H.; Schulze, S.; Thiel,
W. R. Chem. Mater2004 16, 877.
(31) Jaroniec, M.; Solovyov, L. ALangmuir.2006 22, 6757.
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Figure 3. UV —vis spectra of (A) phen-SBA-15 and (B) Schiff-SBA-15.  Figure 4.  Fluorescence spectra of Schiff-SBA-15 in the presence of
different metal ions (5.0< 1075 M).

Table 1. Textural Properties of the phen-SBA-15 and Schiff-SBA-15

solution for which the very diluted solutions (Schiff-SBA-

sample Seer (M7/9) Vp (cn/g) Dy (nm) 15= 0.1 g/L, corresponding to a concentration of the Schiff
phen-SBA-15 549 0.849 6.25 base fluorophore of 4.8 105 M), were used. Schiff-SBA-
Schiff-SBA-15 539 0.843 6.18

15 exhibits a very intense fluorescence in the mixed solution
as shown in Figure 4. The addition of alkaline metal ions
such as N&a and Kt into the ligand does not change the
fluorescence intensity, suggesting the nonsensitivity of
fluorophore to the presence of alkali metal ions with a unique
implication; therefore, there will be no interference from such
metal ions. Addition of C& or Mg?" into the solution does
not generate change in the fluorescence intensity either. With

Both XRD and " | d trate that th the use of transition metal and heavy metal ions, the
° and N-sorption analyses demonstrate that the fluorescence is slightly quenched by the addition of*Cr

hexagonal arrangement of the mesopore is not affected durinq:,b2+ and F&*, respectively, whereas there is nearly no
the co-condensation process. Compared with phen—SBA—lS,reSp’onse to séme other cat,ions such as,Ag2, Mn*
the slight decrease of the surface area and pore Widchn2+ and C@&". That means, little responée in f,Iuores,cent

observed in Scif-SBA-15 sample may be due fo a small spectra, upon addition of these cations, is observed. However,

|ncr'ef15(fad orgg'amc functlonél ﬁ]rogp Ia fte;; th;RSDch|ff[tbase the fluorescence of Schiff-SBA-15 is significantly quenched
moiety formation process. Collectively, the patterns by Ci#*, especially at a much high&i/F (FyF = 10.5,

also suggest not only a significant degree of short-rangelmax(em)z 476 nm.F, is the initial fluorescence intensity

ordering of the structure and well-formed_hexagonal POTE hetore the metal addition arféis the intensity after the metal
gtrrrjélz rg{ otr deerisr?g;ngfliiebsu;n?r:zgiztgg ar;]:(')r;gaennatn;?erogr;geaddition). Obviously, a significant change in color from light
nosilane functionalizatiod? yeII.ovx{ to achromat!sm is also observed. The fluor.escgnt
. : - emission at 476 nm is nearly completely quenched, mirroring
Figure 3 depicts the U.VVIS dlffuge reﬂectance spectra o high selectivity of Schiff-SBA-15 for Ca.3*
of phen-SBA-15 and Schiff-SBA-15 in which two new broad ke 5 jllustrates the Uwvis absorption spectra of
absorption bands emerge in that of SCh'ff'SBA'B with the Schiff-SBA-15 solution containing different concentrations
center at about 338 and 406 nm (curve B in Figure 3). These ot ¢\t There are two characteristic bands, 213 and 259
bands are characteristic of Schiff bsariginating from nm, which are useful as the excitation Wavélength for the

the typical electronic transition of an aromatic ring ang= subsequent fluorescence measurements. These two peaks are

N— conjugate system in a molecule of Schiff baSeheir e features of the conjugated syst&nand they involve
appearance indicates that the Schiff base is composed an{iﬂe lone pair electron of N in the C=N— groups and can

the salen group is covalently grafted to the silica aft.er the be ascribed to a—* transition2® Addition of CL*+ to the
co-condensation process. The FT-IR spectrum also disclosegy ion of Schiff-SBA-15 gradually enlarges both of the
the grﬁf ting OIgg‘f”ng“gg Elto the 5|II|ca (ICh?rthe”SHEPC bands, resulting from the protonation of the hydroxy moiety
stretching at c )'. emental analysis demonstrates , oypance the intramolecular charge-transfer (ICT) character
that content of the Schiff base ligand is about 0.42 mmol/g. of the molecule. The enhancement of these two peaks can

The sensir_lg capability of Sphiff-SBA_-lS was evgluatgd be explained by extension of the conjugated system resulting
against a series of representative metal ions at first, mcIudmgfrom the presence of an additional Cubecause the
alkali, alkaline earth, and heavy metal ions in ethaivahter

nm. Such relative small shrinkages in the structural param-
eters of Schiff-SBA-15 originate probably from the small
size of salicylaldehyde moiety. Moreover, the quantity of
grafting organic moiety is very small (the phenyl functional
groups are only 3 mol % in SiO framework), which
probably could not result in an obvious reduction in the
texture parameters from phen-SBA-15 to Schiff-SBA-15.

(34) Wirnsberger, G.; Scott, B. J.; Stucky, G. Dhem. Commur2001,

(32) Kang, T.; Park, Y.; Choi, K.; Lee, J. S.; Yi, J.Mater. Chem2004 119.
14, 1043. (35) Kawamata, J.; Akiba, M.; Inagaki, Ypn J. Appl. Phys2003 42,
(33) (a) Parker, C. A.; Rees, W. Rnalyst196Q 85, 587. (b) Wang, X. L17.
Q.; Lin, S. K,; Chan, C. C.; Cheng, 8. Phys. Chem. B005 109 (36) Huang, J. H.; Wen, W. H.; Sun, Y. Y.; Chou, P. T.; Fang, J.JM.
1763. (c) Sutra, P.; Brunel, IChem. Commuril996 2485. Org. Chem 2005 70, 5827.

10290 Inorganic Chemistry, Vol. 46, No. 24, 2007



Inorganic—Organic Hybrid Fluorescence Chemosensor

Chart 1. Reaction of Schiff-SBA-15 with Cit lon

~
RO

—O'\Si’\/\ /S ot
N .
_O// H N -
—O'SIT \\r\ y
H

comes from two speci¢d*2These bands are attributed to a
charge-transfer (CT) transition resulting from the displace-
ment of the electron density from the donor sulfonic group
toward the acceptor imino group. Addition of €deads to
200 300 400 500 a dramatic decrease in the fluorescence intensity; it drops
Wavelength / nm by 52% upon the initial addition [Cti/fluorophore molar
Figure 5. UV-—vis spectra changes of Schiff-SBA-15 (0.1 g/L) upon ratio 1:4] and the subsequent addition {Qfluorophore
addition of C@* in ethanol/water (9:1 v/v). molar ratio 1:2) causes a further drop by 65%. As the molar
ratio increases to 1:1, the fluorescence is further dropped by
conformation modification of the organic ligand occurs with  80% (Figure 6). There is a linear change in emission from
complexation toward C in solution. The coordination of 0 to 50uM Cu?* but, beyond this, the rate of quenching in
Cu?* to the entire larger-electron system consisting of a  the emission declines, and tRg/F increases slightly indeed.
Schiff base-functionalized inner surface of SBA-15 may The current condition involves the use of 0.1 g/L of hybrid
increase the rigidity of ther system. Yet this result can be material concentration, and the detection limit calculated as
considered as metal binding enhancing the electronic transi-three times the standard deviation of the background noise
tion processes of the conjugated system. is found to be 0.1 ppm.

The spectrum of Schiff-SBA-15 does not show any The fluorescence quenching at 478 nm provides the
absorption above 350 nm. Once copper acetate is added, aelevant structural information on the complexation ofCu
remarkable increase in the absorption is observed in the rangeations with Schiff-SBA-15. These results imply that?Cu
of 200350 nm that rises with the increased concentration is complexed with the organic fluorophore, strongly quench-
of Cw?*. This band is significantly wider and attributed to a ing the emission intensity, as shown in Chart 1. This is not
charge-transfer transition resulting from the displacement of surprising since Clif has a particularly high thermodynamic
the electron density from the donor amino group toward the affinity for typical N, O-chelate ligands among the more
acceptor metal ion¥. Additionally, this phenomenon indi-  relevant transition metal iorf The fluorophore here chelates
cates that, in this solvent system, the hybrid material can with CW/?* via its imino N and phenol O atoms after the
provide strong sites for binding €y and it is the co- addition of Cd" ions, especially the phenol group of
condensation of the sensor components on the mesoporoufiuorophore which undergoes deprotonation during the bind-
surfaces that ensures the spatial proximity necessary to theng and plays an indispensable role in the affinity of Schiff-
communication between the suburfits. SBA-15 to Ci#".** Complexation of copper by the Schiff

Detection of Cl?" by the Schiff-SBA-15 SensorFluo- base moiety induces a charge transfer from the electron-
rescent techniques have been widely used to investigate thelonating site of sulfonic O to the accepter site imino N; the
receptor-substrate interactions due to their high sensiti¥ity. donor and acceptor moieties are connected by a benzene ring
In this work, the complexation behavior of Schiff-SBA-15 to form a conjugated scaffold. The binding of the accepter
toward various cations is also assessed by fluorescencedonor molecule with Cif ion at the acceptor site, forming
titration in the case of Schiff-SBA-15 in a mixture of ethanol/ MA-D, would enhance the acceptor strength to facilitate
water solution. Figure 6 shows the fluorescence spectralintramolecular charge transfer (ICT). Subsequently, the
changes of Schiff-SBA-15 solution with various concentra- copper concentration can be determined by the measurement
tions of Ci#* in which the fluorescence intensity is decreased of the fluorescence intensity with a fluorimeter. Moreover,
upon the increase of Ctuiconcentrations. These results are the inset in Figure 6 displays the plot of optical density at
consistent with the electronic transition changes in the 476 nm versus CUl concentration in solution. As shown in
absorption titratiort? the plot, an approximate plateau is observed at a 1:1 molar

For Schiff-SBA-15 itself, the emission maximum is ratio of organic ligand to cation guest, indicative of the
situated at 343 and 478 nm, indicating that fluorescence formation of a 1:1 stoichiometrical complex in solution.
Hence, the fluorescence is quenched completely upon co-
(37) Jeome, M.; Batrice, D. N.; Suzanne, F. F.; Dominique, L.; Rene  ordination of C@" ions, presumably through an intramo-
(38) gfa!]éi;?.E.C;rﬁar::\.gﬁ?zfz.?éai?gizo, E. Tecila P Tonellatchem,  lecular metal-to-fluorophore electron-transfer mechanism.

Commun2003 3026.
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Wavelength / nm Figure 7‘. Normalized fluore_scenpe responséFy of Sch_iff-SBA-lS_
) o o ) (0.1 g/L in ethanol/water solution) in the presence of various metal ions
Figure 6. Emission spectrum (excitation at 268 nm) of Schiff-SBA-15 (50 uM). The dark bars represent the response of Schiff-SBA-15 in the

(0.1 g/L) in the presence of various concentrations of'C0—15 x 10°° presence of the cation of interest. The light bars represent the response
M. Inset: Evolution of the normalized fluorescenied, of Schiff-SBA- upon addition of 5Q:M of Cu2* to a solution of Schiff-SBA-15 and the
15 (lem = 478) and as a function of €t. cation of interestE, corresponds to the emission of Schiff-SBA-15 without

- cation.Aex = 268 nm andlem = 476 nm.
Cw" also can quench the emission at 343 nm, as & e

demonstrated in Figure 6. When the fluorescence of Schiff- 12

SBA-15 is quenched upon €ubinding, a blue shift of about

4 nm in the emission spectrum is observed, comparing with 10- *

that of Cé¢*-free Schiff-SBA-15 solution. This blue shift is /
caused by the reduction of electron-donation ability of the Ec 8 /°

sulfonic group of the fluorophore upon &uon binding. In * °

the case of Cif binding, both energy transfer and electron o /o/

transfer from the fluorophore to the complexed cation may P

be invoked to explain the observed fluorescence quenching. o

Such a blue-shift (12 nm) phenomenon is also observed in 4l : : : :

the emission spectra of dansyl fluorophores encapsulated in 0 3 6 9,12 15 18
Conc. of Cu™ (x10°"M)

the pore SFrUCture of SBA-15 and interpreted in t_erms of the Figure 8. Stern—Volmer plots for the quenching of 0.1 g/L Schiff-SBA-
complexation effect of mercury on the photophysical proper- ;¢ by Ci#*. '
ties of the hybrid materiaf

The sensing ability of the functionalized material Schiff-
SBA-15 is then mainly governed by the high affinity of the ~ Stern-Volmer Analysis. The nature of the quenching
fluorophore ligand for C#. No specific effect of the surface ~ process is explored by Sterivolmer analysis. Plotting
is observed. The mesoporous silica can thus be consideredelative emission intensities=( Fo) against quencher con-
as an inert matrix with respect to the complexation process, centration [Q] for static processes should yield a linear
as already mentioned in recent wofRsyhich allows one Stern—Volmer plot that describes the static quenching
to control independently the different properties of the process. From these data the dynamic or static nature of the

inorganic-organic hybrid system. guenching processes can be determined. In this analysis, the
Interference with Other Cations. The effect of possible  intensity E, Fo) is plotted vs concentration of quencher ions
interfering cations such as'KNa*, Ag*, C&*, Co*", Fe', [Q], according to eq 1. The slope of the line is equivalent to

Mn2t, Mg?t, AI3T, Ni2t, P, Ci¥*, and Zi#* is examined. kq, the rate of dynamic quenchidg.In a lifetime-based
Titration of Schiff-SBA-15 with copper acetate in the Stern-Volmer plot, whenkg is positive, the quenching is
presence of these interested ions au®0respectively does  considered dynamic. Whdgis zero, no dynamic quenching
not affect the luminescence emission as observed in the casean be measured, and emission is quenched by a static
of Cu?* only (displayed in Figure 7), which represents that mechanism.

these ions have no effect in the presence or absence?df Cu

ions. Therefore, these metal ions do not interfere in the (Fo/F) = 1+ ky(Q] (1)
estimation of C&". Figure 7 clearly discloses an extremely
good selectivity for C& at low concentration against all (F/F) = 1+ k,JQ] @)

other cations tested here.
Consequently, the new hybrid material Schiff-SBA-15 can  Figure 8 indicates the steady-state emission Steaimer
be used as a chemosensor for the detection of differentanalysis for Cé—fluorophore interaction in ethanol/water

concentrations of G with high selectivity. solution, plotted as in eq 2. The data forghow the very
strong quenching from the solution of Schiff-SBA-15, with
(45) Eﬂséiz\/é%féR-; Leray, |.; Lebeau, B.; Valeur, B. Mater. Chem2005 Cw?" inducing the strongest response. The fluorescence

(46) Casasus, R.; Marcos, M. D.; Martinez-Manez, R.; Ros-Lis, J. V.; Soto,
J.; Villaescusa, L. A.; Amoros, P.; Beltran, D.; Guillem, C.; Latorre, (47) Lakowicz, J. R.Principles of Fluorescence Spectroscp@lenum
J.J. Am. Chem. So@004 126, 8612. Press: New York, 1983.
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guenching of Schiff-SBA-15 by the copper ions is most likely Conclusion
caused by energy or electron-transfer reactions between the gy inorganie-organic hybrid mesoporous SBA-15-type

donor sites of the fluorophore and binding metal complexes, material has been successfully synthesized by co-condensa-
which is a nonradiative center and traps the excitation energyiio of TEOS and chelate ligand in the presence of P123
passing through them. This proves the inference we gainediempjate. And the fluorescence chemosensor described here
from the former spectrums. It is conclusive that for the gisplays the outstanding sensitivity and selectivity. This
Cu#"—Schiff-SBA-15 a static quenching mechanism is in  method allows the introduction of organic fluorophore with
effect;**® which results from complexation of the analyte he preservation of uniform mesoscale channels, high specific
to the receptor sites. Analysis of Stedolmer plotsinthis gy face areas, and large pore volumes. The hybrid material
regime yields equilibrium expressions for static quenching, -an also overcome the technical problems in the use of
ksv,» Which are analogous to associative binding constants forsensing metal ions in solution, promising a bright future for

the quencheracceptor system. A quantified fluorescence megoporous silica encapsulated Schiff base complexes.
quenching ability Ks,) of copper ion to the solutions of
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