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Abstract

In this thesis, the spatiotemporal pattern formation in electrochemical sys-
tems was theoretically investigated. In order to describe the dynamics of the
spatial distribution of the potential drop across the electrode/electrolyte interface,
a integral formalism (reaction-migration equation, RME) was derived based on

electrostatic principles.

These general ideas were applied to a thin ring electrode. The nonlocal coupling
between different azimuthal points of the ring described by a coupling function
depends on the distance of the reference electrode: at small distance the coupling
was found to become negative between two points situated on opposite sides of
the ring. Conversely, a sufficiently large external resistance and/or large distance
between working and reference electrode gives rise to a coupling function, which is
positive everywhere and favors synchronisation of the dynamical behaviour of the

electrode.

The negative coupling leads to diverse dynamic behaviour: in electrochemical
reactions exhibiting bistability, transition fronts between the two homogeneous
states (active and passive) decelerate und even stop, thus creating a stationary
inhomogeneous potential distribution on the electrode. At other parameters, a front
can be induced by perturbing the passive homogeneous state with a even more
passive perturbation on the opposite side of the ring (‘negative remote triggering’).
Finally, a spatial instability was found, which can be compared to the classical

Turing instability in reaction-diffusion systems.

For oscillatory electrochemical reactions, the negative coupling caused by a
close reference electrode destabilises and replaces the homogeneous potential
oscillations with various inhomogeneous spatiotemporal patterns, for instance tra-
velling pulses, standing waves and target patterns, which have also been observed

experimentally.

Reaction-migration equations have also be derived for more complicated elec-
trode geometries (disk, ribbon). Due to the higher current density at the edges, the
potential drop across the interface is larger at the edges, therefore the potential

distribution on disk and ribbon electrodes is generally inhomogeneous.
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