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Capillary electrophoresis (CE) is a rapid and efficient technique for separation of a variety of compounds including proteins and other bio-molecules. Research in our laboratory has shown that cantilevered quartz nanopipettes can be used for Fountain Pen NanoLithography (FPN) with atomic force controlled delivery of liquid phase chemicals such as etchants [1], proteins [2] etc. By combining these two techniques we can achieve the correlation of the separation of chemicals in time with spatially controlled nanodeposition to obtain Atomic Force Controlled Capillary Electrophoresis or ACCE. 

Here we demonstrate electrophoretic delivery of Bovine Serum Albumin (BSA) upon mirrorepoxy substrate, using atomic force microscopic (AFM) techniques. The electric field is applied between two electrodes that are positioned on the nanopipette itself. This allows the use of variety of substrates for different applications. A cantilevered nanopipette with 0.1-0.5 micron aperture sizes is filled with a solution of BSA in pH 8 buffer where the protein is negatively charged. Positive polarity of the applied voltage causes the protein to migrate to the substrate while negative polarity reverses the flow direction of the protein and moves it away from the substrate. Additional mechanisms of the voltage control of deposition are also described including electroosmotic flow (EOF). The detection of the protein on the substrate is achieved by reflection fluorescence near field imaging (NSOM) techniques. 
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