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Introduction

A new era in inclusion chemistry began with the discovery of ordered mesoporous materials by Beck et al. in 1992 [1]. The narrow, controlled pore size distribution in the ordered silica has added a new dimension to intrapore chemistry that had previously focused on microporous zeolitic materials. A rich field of inclusion chemistry has been explored, including sorption, ion exchange, imbibition followed by reduction, covalent grafting of ligands and functional groups, etc. [2]. Covalent grafting method is of great importance in inclusion chemistry. During the covalent grafting process, silane coupling agents were anchored in the channel of mesoporous silica by the reaction with the hydroxyl groups on the surface of mesoporous silica, and the functional groups included in silane coupling agents can be used for further attachment [3]. 

To improve the mechanical strength, thermal stability, and surface area of TiO2, TiO2/SiO2 supported oxides have been considered as advanced support materials as substitutes for pure TiO2 [4, 5]. TiO2/silica systems are also of current interest as photocatalysts [6]. Silica-supported titania composite has been studied intensively during the past few years. Titanium dioxide, isolated titanium ions have been incorporated into microporous and mesoporous silica materials via direct synthesis and post-synthesis. The silica-supported titania via post-synthesis shows higher activity for liquid-oxidation in contrast to materials made by direct synthesis. Up to now, the methods for preparing the titanium dioxide in mesoporous silica is by attaching titanocene dichloride, titanium isopropoxide onto the walls of mesoporous silica.

Titanate coupling agents have a similar function to silane coupling agent in reaction with the free protons at the inorganic interface. Both the two coupling agents have their own advantages and limitations in reaction with silica. The extra strength of Si-O-Si bond is often preferable to the Ti-O-Si bond, and it maybe due to this advantage that in previous work, silane coupling agents have been extensively used in inclusion chemistry instead of titanate coupling agents. However, titanate coupling agents have a characteristic of hydrolytic stability, which may play an important role in the incorporation of inorganic nanomaterials into mesoporous silica. This paper will report on the synthesis and characterization of titanium anchored inside SBA-15. 

Experimental Section

Materials: The synthesis for mesoporous silica SBA-15 is the same as the paper in reference [7]. Titanium-incorporated SBA-15, designated as TiSBA-15, was prepared by incipient-wetness impregnation [8]. For every 1g of SBA-15, 0.5 g isopropyl tri(N-ethylenediamino)ethyl titanate (designated as KR 44), in 30 g ethanol were used. The mixtures were refluxed at 75oC for 10 hr, and then the impregnated material was washed with ethanol for three times, followed by calcination in static air at 500 oC for 8 hr.

Characterization: Transmission Electron Microscopy (TEM) was taken on EF-TEM, EM912 Omega. Pore size was determined by BJH analysis at 77 K on Micrometitics ASAP 2000 analyzer after preheating at 473K for 4 hr. Infrared spectra were obtained under ambient conditions with Bomen MB 102 spectrometer. The samples were mixed with KBr (3/200 by weight) and pressed into thin wafers.

Results and Discussion
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Figure 1 shows the TEM of the titanium-incorporated silica. The morphology indicates that the hexagonal ordered structure was maintained during the inclusion of titanium into the channels of mesoporous silica. EDS (Figure2) analysis shows strong titanium signals, which confirm the presence of titanium in mesoporous silica. The FTIR spectra of mesporours silica and TiSBA-15 are provided in Figure 3. Pure silica exhibits the symmetrical Si-O-Si stretching 
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Figure 1. TEM image of TiSBA-15.   Figure 2. EDS spectrum of the titanium-incorporated SBA-15 sample.

vibration at 808.6 cm-1, along with a very weak band at 969.7 cm-1 due to the symmetric stretch of Si-OH groups. The addition of titanium species decreases the 980 cm-1 bond, and a new broad band appears at 961.7 cm-1, which is 

associated with the formation of Ti-O-Si bridges. The results of BJH analysis indicate that the average pore diameter of mesoporous silica is 3.96 nm, and decreased to 3.65 nm after the incorporation of titanium. The decrease of pore size indicates that the incorporated titanate species were confined in the channels of the mesoporous silica. 
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It is proposed that the coupling reaction due to replacement of isopropanol group in KR 44 by hydroxyl group in the surface of mesoporous silica. The KR 

     Figure 3. FTIR spectrum of (a) SBA-15, (b) TiSBA-15

44 molecule contains ethylenediamine functional group, which can form complex compound with metallic ions, and will play an important role in the inclusion chemistry due to its hydrolytic stability and relative ease of manufacture.

Conclusion

Mesoporous silica SBA-15 has been synthesized and incorporated with titanium via incipient-wetness impregnation with titanate coupling agent KR 44 in ethanol followed by calcination. The results of characterization by TEM, BJH, and FTIR indicate that the incorporated titanate is confined in the channel of silica. Titanate coupling agents are effective in the inclusion of inorganic nanomaterials into mesoporous materials.
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