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Introduction

 Phase morphology of dispersions in complex fluids can be controlled using phase separation caused by the interactions among them. In the present study, the monodisperse emulsions were obtained by repeated fractionation method [1] and then the monodisperse porous material with pore sizes ranging from 50nm to several micrometers was produced by forming the inorganic matrix around the monodisperse emulsions through the sol-gel method. [2] The ability to control pore size and uniformity is of practical significance in various application areas such as improved filters, membrane supports, catalytic materials, and adsorbents, light weight structural materials, thermal, acoustic, and electrical insulators. Moreover, this material has a 3D periodic dielectric structure. The propagation of electromagnetic (EM) waves in such periodic dielectric structures can be completely forbidden for a certain range of frequencies, which is called photonic band gap (PBG). [3] There is a great deal of current interest for the possibility of creating three-dimensional photonic crystals, which have photonic band gaps in arbitrary direction, because photonic crystals offer a wide rage of applications in a spectrum ranging from microwave to optical frequencies. [4] Thus, for the last few years these intricate two dimensional structures have been fabricated using the state–of–art micro-lithography techniques, such as electron beam lithography and X-ray lithography. Most recently, 3D photonic crystals at an operating wavelength of 1.5 (m for optoelectronic application were fabricated by Scherer et al. [5]. However, it is not a trivial task and very expensive compared with the method we used here. 

 The purpose of this article is to describe the method for fabricating the ordered porous microstructured materials and thereby to show that these materials may have the possibility of application as the optical device. 

Experimental

 Emulsions are usually produced by mechanically induced droplet breakup. Most emulsification methods result in a rather broad distribution of droplet sizes. Therefore, in order to obtain highly monodisperse emulsion droplets, subsequent processing is usually necessary, though in certain special cases, there exist methods for producing highly monodisperse emulsions in a single step. [6] We also generated stock emulsions mechanically and then purified in size the crude emulsions with funnel separator by applying the fractionated crystallization method (Fig. 1). In this way, we obtained emulsions with the polydispersity of a few percent or less. The photographic images (a), (b) in Fig. 1 have been obtained with optical microscope system. 

 The emulsion droplets can be further manipulated to alter the lattice or to reduce the number of lattice defects using techniques developed in colloid science. [7-8] This ordered droplet structure could be permanently captured by gelation of the liquid (precursor solution) in which the droplets are suspended. However, it is required that the precursor molecules should be compatible with the components that make up the emulsion (e.g. they do not destabilize the emulsion). In case of silicon alkoxide which do not destabilize the emulsion, we can make ordered porous silica around an aqueous emulsion of ordered silicon oil droplets stabilized by surfactant sodium dodecyl sulfate (SDS). A suitable sol can be made by dissolving 15ml of tetraorthosilicatae (TEOS) in 45ml of 0.01M aqueous hydrochloric acid in the presence of alcohol which is the cosolvent. Most of ethanol formed by hydrolysis of the alkoxide was distilled off at room temperature in a low vacuum. The uniform oil droplets, as a concentrated emulsion of ca. 2ml, are then transferred to this sol solution of ca. 5ml simply by mixing. The emulsion is then centrifuged to increase the droplet volume fraction, which should be higher than 50% to induce spontaneous ordering of the droplets. We can obtain silica gel within a few minutes after adding a small amount of concentrated ammonia which acts as a catalyst.  The white gel is aged and then washed extensively with ethanol to remove water, silicon oil, and SDS. The gel is then carefully dried and fired in a furnace at 500(C in air to remove residual organic material. A schematic of a templating process described in this paragraph is shown in Fig. 2.

 Results and Discussions

 The stock emulsion has been prepared using homogenizer. The average droplets size may range from 0.1 to a few microns. For low SDS concentrations (close to the CMC, CMC = 
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 Fig. 1. Funnel separator and photographs of emulsion in solid phase (a) and liquid phase (b).

 Fig. 2. Emulsion templating procedure.

8(10-3 mol(l-1), the emulsion is homogeneous whereas for higher surfactant concentrations, roughly 0.05 mol(l-1, oil droplets aggregate into clusters which coexist with free droplets. With time these flocs separate from the dilute phase and form a cream on the top of the sample. If the cream which forms the droplet rich phase, is diluted with water, one gets instantaneously an homogeneous emulsion showing that the transition is reversible. Note that during this process, as mentioned by Aronson [9] for different emulsions, there is no coalescence process accompanied. By repeating the separation eight or nine times, several monodisperse emulsions having different droplet sizes could be fractionated from a single polydisperse emulsion. 

We have produced the macroporous silica using emulsion templating method following the procedures described in the previous section. The structure in the picture reflects the droplet order in the original emulsion, as seen from fig. 3.
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                Fig. 3. Ordered porous microstructured materials
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