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Phase transitions in supramolecular assemblies formed by amphiphilic compounds with

stimuli-responsive moieties

Thesis Summary

In this study, various cationic amphiphiles with pH, light, and redox-responsive moieties were
synthesized to construct a system in which molecular assemblies formed in water exhibiting phase
transitions. By adding compounds that interact with these cationic amphiphiles, additional features such
as pH responsibility, pathway-dependent phase transitions, and phase transitions of molecular
assemblies with multiple phase structures were induced in the supramolecular chemical system.

In Chapter 1, the background and purpose of this paper were described. In response to the
fundamental question in the natural sciences, "What is life?", a bottom up approaches have been
attempted to pursue the nature of life by using biomolecules or synthetic biomimetic molecules from a
chemical point of view. The characteristics of molecular assemblies formed in water, which are used in
such viewpoints, examples of supramolecular assemblies consisting of stimuli-responsive molecules
that exhibit phase transitions caused by molecular transformations, and examples of the construction of
hierarchical molecular systems such as those found in living organisms were presented.

In Chapter 2, the aim of this study was to construct a chemical system in which the
pH-responsiveness of vesicles, which have a structure similar to biomembranes, depends on the
composition of their components. The behavior of vesicles composed of amphiphilic compounds with
imine bonds and oleic acid was investigated and found to be resistant to strongly acidic conditions. This
was considered to be due to the change in the membrane structure caused by the imine hydrolysis.

In Chapter 3, the aim of this study was to construct molecular assemblies that induce
pathway-dependent phase transitions depending on the order in which the stimuli were applied. It was
found that phase transition from crystal phases to vesicles followed by their fusions were induced by the
addition of reducing agent followed by the UV irradiation, while the worm like aggregates grew into sheet
like aggregates when the UV irradiation was conducted at first then the reducing agent was added. This
was considered to be due to the change in the interaction between the constituents caused by
photoisomerization of azobenzene and reduction of disulfide.

In Chapter 4, the aim of this study was to construct a system in which different molecular
assemblies were formed by mixing cationic and anionic amphiphiles depending on their composition and
these assemblies exhibited phase transitions by UV irradiation. Vesicles and oriented molecular
assembled phases were formed by changing the composition, and their phase transitions to coacervate
droplets were observed by UV irradiation. This was considered to be induced by the molecular
transformation caused by photoisomerization of azobenzene.

In Chapter 5, a summary was given based on the findings in this thesis.
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