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We report on a technique that utilizes an autonomous galvanic micro reactor to guide the assembly of two-dimensional colloidal crystals with spatial and orientational control.  The galvanic micro reactor comprises of an array of copper and gold electrodes in a coplanar conformation, immersed in a dilute hydrochloric acid solution in which colloidal micro-spheres of polystyrene are suspended.  Under appropriate conditions, two-dimensional colloidal crystals form adherent to the anodic copper whose pattern and crystal orientation are influenced by the electrode geometry.
To investigate the particle motion during the reaction, we compared the trajectories of the polystyrene colloids with those of similarly charged but denser silica particles.  Surprisingly, the negatively charged silica particles moved away from the anodic copper electrodes toward the gold surface, i.e. in the opposite direction as would be expected if their motion was governed by electrophoresis.  Spatially resolved, optical analysis of the reaction rate on the copper electrode was used to estimate the magnitude and distribution of the electric field inside the micro reactor[1].  We contend that the electric field is too weak and too confined in the vicinity of the copper-gold junction to sustain the observed velocity of relatively weakly charged particles far away from the copper-gold junction by electrophoresis.  Particle motion is thus attributed to a combined effect of the gravity driven particle settling, electrophoresis, and electrokinetically induced fluid flow.

To obtain single-crystals, we introduce a physical barrier at the copper-gold interface: The copper electrodes are lowered with respect to the gold surface resulting in a copper ‘trench’ configuration.  Single-crystals result when polystyrene aggregation initiates along the edge of the copper anode where the trenches guide and align the colloidal seeds.  Edge-aggregation occurs when copper electrode separation is large.  Using analysis of current density distribution on copper surfaces for different copper electrode separations, we attribute edge-aggregation to electrokinetic effects induced by locally high current density at the edge which occurs when anodic separation is large.
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