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Introduction
Micro total analysis system (μTAS) integrates highly efficient analytical / chemical processes on a small chip and realizes highly efficient chemical analysis within very small volume. Such characteristics of μTAS are derived from the very fast diffusion in small size of microchip. Based upon the principle, we have developed an analytical system using droplet by ink-jet. Small diffusion distance in a droplet realized the concept of μTAS by using ink-jet system. In this system, sample or reagent solution was dispensed on a well by using ink-jet and analytical reaction was occurred in the well showing very high efficiency. However, in order to apply this system in practical assay such as ELISA, highly efficient B/F separation will be essential for the future automation.
In this paper, we will describe functional device for the micro droplet system to control the liquid permeability of the membrane with temperature responsive polymer made of N-isopropyl-poly acrylamide (NIPAM). NIPAM changes its structure from folding to unfolding of the polymeric chain by the surrounding temperature resulting in the solubility to waer. When the surrounding temperature is more than lower critical solution temperature (LCST), polymer is in the state of folding showing hydrophobic characteristics. On the other hand, the temperature less than LCST gave unfolding structure showing hydrophilic characteristics. We have developed a novel membrane for the control of permeable / holding of the liquid by the preparation of NIPAM polymer on multi-capillary plate. We will report the preparation of the switching membrane on the surface of the multi capillary plate and will discuss the mechanism as well as the controllability of its permeability in detail.

Preparation of temperature responsive polymer and its characteristics

At first, amino group was introduced on the surface of capillary plate by the reaction with 3-amino-trimethoxy silane at 130 ℃ for 18 h under nitrogen stream. Then, 2-bromo-isobutyl bromide was coupled with amino group for 12 h at room temperature resulting in the introduction of bromine molecule at the end.  Atom transfer radical polymerization (ATRP) of NIPAM was carried out with the bromine atom as an initial point. Switching characteristics were tested by measuring contact angle of water droplet under different temperature near LCST. Contact angle for the polymer modified glass plate was changed from 65 to 82° when the temperature was changed from 25 to 40℃. However, contact angle at higher temperature did not increase more than 90 °, which was least contact angle to hold water on the capillary plate.

In order to increase the hydrophobicity of the polymer, hydrophobic monomer (1,1,1,3,3,3- hexa-fluoroisopropyl acrylamide (HFiPA)) was added to the monomer solution to proceed random polymerization with NIPAM. Increase of the HFiPA content gave the increase in contact angle. As a result, more than 20 % of molecular ratio was necessary to switch contact angle of above 90° at the higher temperature than LCST. By the modification of this random polymer on the surface of capillary plate, we could successfully control the permeability of the membrane. That is to say, the membrane held water at the temperature more than LCST, and permeated water at the temperature below LCST. This is explained as follows: when the temperature is higher than LCST, hydrogen bonding inside the polymer was cleaved to form folding structure showing hydrophobic. The temperature below LCST recovered hydrogen bonding 

The structure change from low to high temperature was easily occurred (correspond to hydrophilic to hydrophobic).  On the other hand, the change from high to low (hydrophobic to hydrophilic) was not observed within 30 min. That is, it takes long time for the polymer from hydrophobic to hydrophilic by changing temperature. 

Arrangement of monomeric molecules 

In order to improve the switching speed from folding (hydrophobic) to unfolding (hydrophilic), arrangement of monomeric molecules was controlled. The polymeric chain consist of NIPAM was modified from the surface at first, then HFiPA and NIPAM was randomly polymerized on the NIPAM. The polymer improved switching characteristics and showed drastic increase of switching speed from higher temperature to lower temperature.

We could successfully develop a switching device by using capillary plate and temperature responsive polymer.  The membrane will be able to use as a functional switch for not only micro total analysis system but various field.
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