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A M RBE B Mechanism of Liesegang Phenomenon Bifurcated by Thermodynamic Stability

In nonequilibrium open system, dissipative structures are formed through self-organization.
Since this phenomenon is ubiquitous in nature, the elucidation of its formation mechanism is
one of the most challenging topics in science. In this thesis, I focused on Liesegang
phenomenon which is known as an experimental model to understand the dissipative structure
caused by a coupling between mass transport and solid-phase transition. A formation
mechanism of Liesegang pattern (LP) has been discussed based on bifurcated scenarios
depending on the thermodynamic stability of the system: a nucleation-based scenario and a
phase separation-based scenario. However, a comprehensive understanding of the
mechanisms has not been achieved since several unsolved questions remain for each scenario.
Here, 1 discussed the fundamentals for progression of understanding each scenario by
constructing appropriate experimental and numerical simulation models for each issue.

In Chapter 1, the general theory of nonequilibrium self-organization was introduced based
on thermodynamic theory. Subsequently, I provided a comprehensive description of
knowledge for the Liesegang phenomenon. In Chapter 2, a relationship between the diffusion
flux (Fap) and the periodicity on LP was clarified by constructing an experimental system that
considers the volume effect of the diffusion source reservoir. Furthermore, it was shown that
the existing law predicting the periodicity in the nucleation-based scenario can be modified as
a function of Fupy by comparing the obtained results with simulations considering a
concentration change in the reservoir. In Chapter 3, the mechanism of a geometrical transition
of LP was clarified by considering a spatial modulation of nucleation rate. For this purpose,
multi-layered gels with different gel concentrations were applied for pattern formation.
Combined results of these experiments and simulations, the modulation of gel concentration
clearly related with the modulation of nucleation rate, and the geometrical transition was
controlled by a gap of the modulation. In Chapter 4, I constructed a novel experimental
system to demonstrate the phase separation-based scenario by combining typical Liesegang
experiments with a pH-induced aggregation of gold nanoparticles surface-modified with
11-mercaptoundecanoic acid. The agreement between the experiments and simulations clearly
showed that the pattern formation in this system proceeds via phase separation mechanism
triggered by the aggregation. Furthermore, the periodicity of obtained patterns was consistent
with the theoretical predictions for the nucleation-based scenario, namely, the bifurcated
scenarios can be comprehensively described. Chapter 5 summarized the comprehensive

understanding of the Liesegang phenomenon based on the discussions in Chapters 2 to 4.
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