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Electrochemical Micro-Oscillator Networks

= 14 2l Stationary and oscillatory patterns can arise on the surface of a single
electrode and assemblles of discrete electrodes. In traditional macrocells, the geometry of the
arrangement of the cathode, anode, and the reference electrodes determines the strength and
length-scale of the effective coupling that affects the features of the observed self-organized pattern
formation. To explore the temporal and spatial features of pattern formation in electrochemical
devices with micro-electrodes, we have constructed epoxy-embedded electrodes with a poly-
dimethyl siloxane (PDMS) flow cell. It is shown that the microcell design typically used in
electroanalytical chemistry produces large ohmic drops that can induce oscillations during the
uniform corrosion of Ni electrodissolution. Furthermore, the dynamical features of oscillatory Ni
dissolution in sulfuric acid are investigated with 2-10 micro-electrode arrays. Equivalent circuit
analysis is applied to formulate a theory for the electrical coupling strength between the electrodes
as a function of the cell parameters: electrode surface area, length of the flow channel, and total cell
resistance. The theory predicts a wide range of bidirectional positive, unidirectional negative, or
unidirectional positive coupling depending on cell geometry. The predictions are tested in
experiments with an on-chip integrated electrochemical cell that uses an epoxy-based substrate for
2-10 embedded metal wires with the PDMS fluidics. The network topology is extracted from the
experiments with a phase model based coupling analysis. The results are discussed and design
rules are formulated for tuning the dynamical characteristics of the chemical reaction system through
intensifying or minimizing the coupling strength between the electrodes.
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