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INTRODUCTION
The discovery and onrushing development of mesoporous silica 1, 2 stimulate studies on mesoporous silica-supported nanocomposites. 3-7 Infiltration of semiconductors into mesoporous silica can produce regular nanoparticles with well-controlled particle size and distribution, and thus has been received significant attention nowadays. 

The mesoporous silica of SBA-15 has an extremely high surface area and consists of a hexagonal array of uniform pores with pore diameter in the range of 4 to 30 nm. Although synthesized by use of nonionic triblock copolymer, SBA-15 is organized by the interaction between two kinds of ionic species, i.e., the protonated surfactant and cationic silica species, which are formed under the strong acidic condition. 8 This kind of interaction is very weak and may be easily broken by the addition of inorganic cations. Therefore, it is possible to introduce inorganic species into the mesopores of SBA-15 by ion-exchange method.
Here, we report for the first time the use of ion-exchange method for the incorporation of CdS nanoparticles inside the mesopores of SBA-15. The preparation procedures includes the selectively passivating the external surface of SBA-15 by use of the inert functional phenyl groups, the subsequent impregnation of cadmium ions, and the treatment with H2S gas. This approach provides a very easy route to synthesize SBA-15-supported CdS nanoparticles that are effectively prohibited from growing on the outside of the mesopores.
Experiment 

The synthesis for mesoporous silica SBA-15 has been reported in the literature: 8 4.0 g of triblock poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) (pluronic P123, denoted as PEO20-PPO69-PEO20) was dissolved into the mixture of 30 g of water and 120 g of 2 M HCl solution with stirring for 1 h, then 8 g tetramethoxysilane (TEOS; Aldrich) was added into the mixture with stirring for additional 20 h at temperature of 308 K. The mixture was aged at 353 K for 5 h followed by filtering, washing with ethanol four times, and drying at 323 K for 12 h in a vacuum oven.

The external surface of as-synthesized SBA-15 was then functionalized by use of phenyltrimethoxysilane. This process was taken by refluxing the mixture containing 1 g of SBA-15 and 30 ml of phenyltrimethoxysilane ethanol solution (with a volume ratio of 1:4) under nitrogen atmosphere at 308 K for 10 h. The solid phase (denoted as Ph-SBA-15) was then separated by centrifugation, followed by washing with ethanol four times to remove the remained Ph-Si(OMe)3 and then drying at 333 K for 10 h. The impregnation of Cd2+ ions was achieved by immersion of 1 g of Ph-SBA-15 in cadmium acetate dihydrate methanol solution (1.33 g of Cd(AC)2(2H2O and 50 ml methanol), with stirring at room temperature for 10 h. The Cd2+-impregnated Ph-SBA-15 (Cd2+-Ph-SBA-15) was then obtained by centrifugation, washing with methanol four times, and drying at 333 K for 10 h. Then the sample was treated with H2S to produce CdS inside the SBA-15 (product sample denoted as CdS-Ph-SBA-15). To study the influence of temperature on the crystal structure and optical property of the as-synthesized CdS nanoparticles, the CdS-Ph-SBA-15 sample was finally heated at 423 K for 10 h (the obtained sample was denoted as CdS-Ph-SBA-15-cal).
The as-synthesized samples were then characterized by a combination of X-ray diffraction (XRD) , transmisssion electronic diffraction (TEM) image, UV-vis diffusing reflectance spectrom.

RESULTS AND DISCUSSION

The results of atomic absorption spectrophotometry (AAS) and an inductively coupled plasma-atomic emission spectrometry (ICP-AES) showed that the elemental cadmium and sulfur contents of the prepared nanoparticles were 8.3 and 2.5 wt%, respectively. This result indicates that a large amount of CdS nanoparticles have been incorporated into mesoporous silica SBA-15.
X-ray diffraction (XRD) patterns for the series of the as-synthesized SBA-15 samples display three reflection peaks, as typical of SBA-15 materials (Figure 1). The hexagonal ordered structure was maintained during the impregnation process of CdS nanoparticles. The wide angle XRD patterns for CdS-loaded SBA-15 show three broadened peaks correspond to (111), (220), and (311) lattice planes of cubic crystalline CdS, respectively (Figure 2). The average particle size estimated from Debey-Scherrer formula is about 3 nm. TEM images of the CdS-Ph-SBA-15 sample show the hexagonal ordered pore structure as well as the columnar frameworks (Figure 3). This is clear evidence that the hexagonal ordered structure is maintained during the inclusion of CdS particles into the channels of SBA-15. In addition, no particles of CdS clusters are observed on the outer surface of mesoporous silica. The UV-vis diffusing reflectance spectra for the CdS-loaded SBA-15 samples indicate that the onset of absorption for the as-synthesized CdS-Ph-SBA-15 is obviously blue-shifted relative to the bulk CdS particles (Figure 4). 

Summary 

In summary, the present study demonstrates an effective method to incorporate cadmium ions into mesoporous silica SBA-15. One of the novel features is to assembly CdS nanoparticles inside the mesopores by functionalizing selectively the external surface of SBA-15 to avoid the possible adsorption of the cadmium ions on the external surface. In addition, the CdS nanoparticle size remained unchanged during thermal treatment because of the confined geometry provided the mesopores. The large blue-shift in UV-vis spectra was caused by the size quantization effects, of which the general features were preserved after calcination. This method may also be applied to the incorporation of other ions, such as Zn2+ and Ag+, into mesoporous silica SBA-15. This work is under way in our group.
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Figure 3. TEM images of CdS-Ph-SBA-15 sample taken with the beam direction perpendicular to the pores.
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Figure 2. Wide-angle XRD patterns: (a) CdS-Ph-SBA-15, (b) CdS-Ph-SBA-15-cal.








Figure 1. Small-angle XRD patterns of series of SBA-15 samples: (a) SBA-15, (b) Ph-SBA-15, (c) Cd2+-Ph-SBA-15, (d) CdS-Ph-SBA-15, (e) CdS-Ph-SBA-15-cal.
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Figure 4. Diffuse-reflectance UV-vis spectra: (a) CdS-Ph-SBA-15, (b) CdS-Ph-SBA-15-cal, (c) bulky CdS.
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