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Introduction

Colloidal particles are interesting and versatile building block for two- and three-dimensional microstructures [1]. Well-controlled colloidal assemblies display a number of potentially applicable characteristics such as a photonic bandgap [2], high packing density, and high surface-to-volume ratio. For practical applications of these structures, they should be mounted or shaped into usable objects [3]. To address this problem, a number of methods have been exploited using colloidal crystallization in confined geometry, including gravity sedimentation on flat or periodically patterned substrates, flow of the colloids through micromachined channels or a smooth narrow pore membrane, and making use of capillary forces. One of approaches involves the use of a suspension droplet as a confined geometry. The crystallization of submicrometer-sized colloidal particles occurs inside the droplet, leading to a highly ordered colloidal assembly [4] In this work, we prepare the colloidal crystals using capillary as a confined geometry. Some report a mesoporous silica fiber with large pores using block copolymers [5]. This well-ordered colloidal rod or its replica has a potential as optical wave-guides, macroporous membranes and catalytic supports.

Experimental

Non-crosslinked, monodisperse PS latex particles were synthesized by emulsifier-free emulsion polymerization, and micron-size PS latex particles were prepared by single stage polymerization process using a surfactant [6] and purchased from Polyscience. We used the capillary with various different diameters. Macrocrystalline colloidal rods were produced by PS latex particles and the capillary as templates. The solution contained with the PS particles put into the capillary through syringe pump. Colloidal assembly rod in the capillary was separated via HF treatments. 

The colloidal crystal rods were infused with in a metal alkoxide precursor solution such as titanium(IV) tetraisopropoxide (TTIP) and tetramethlorthosiilicate (TMOS). This process was conducted under moisture-free condition because of its high reactivity to water. Composite rods of crystalline PS latex particles and ceramic matrix were synthesized through sol-gel reaction. Finally, the rods constituting the composite colloidal crystals were removed by calcinations. 

Results

  Figure 1 shows the various colloidal rods. The drying condition determines the arrangement of colloidal assemblies, and the rod can’t be separated from the capillary at high drying rate. It is treated by HF solution, resulting in dissolving the capillary that is made of silica, and we can obtain the colloidal assembly rod. The capillary has an anion charge when it is exposed with an aqueous media, and an ionic surfactant, sodium dodecyl sulphate(SDS) is added to make the colloidal system stable by changing the surface properties of the particles and the capillary wall. The sodium ions gather around the capillary wall that possesses negative surface charges, and eventually change the strength of the zeta potential on the surface. 

The prepared crystalline rods were soaked into a solution of metal alkoxide precursor, which went through the interstices between the PS latex spheres by capillary force. The rod used as a template, resulting in the macroporous rod. The size of the air boids ranged from 100nm-1um, which depends on the size of PS particles (Figure 2).
Conclusion
  We prepared the colloidal crystalline rod with PS latex suspension into the micron-sized capillary. The size and the length of the rod was obtaind, depending on the particle and capillary size. We also prepared the macroporous rods using the colloidal crystalline rod as a template. It has a potential as optical wave-guides, macroporous membranes and catalytic supports.
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Figure 1. Colloidal crystalline rods
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Figure 2. Cross section images of Macroporous rods 
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