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Soft materials have both solid and liquid properties. Among them, liquid crystals (LCs) are liquids with optical
anisotropy, which is a property of solids, whereas gels lose the fluidity but have properties of liquids such as ionic
conductivity. Low molecular-weight compounds that exhibit either of these opposing properties, depending on the
presence or absence of a solvent, have attracted attention in recent years. Previously, H. Okamoto ef al. found that some
rod-shaped low molecular-weight aromatic compounds containing fluoroalkyl groups at the terminal position of
imolecules exhibit a Smectic A (SmA) phase when heated and cooled in the bulk state, and form physical gels by heating,
dissolving and cooling in various organic solutions. These low molecular-weight compounds form fibrous aggregates by
self-assembly through intermolecular interactions, which then encapsulate the liquid, resulting in gelation. Many of low|
imolecular-weight compounds which can gelatinize the solvents contains hydrogen bonding functional groups, however,
these compounds do not have, so the driving force in self-assembly is not elucidated. Furthermore, not all LC materials
with fluoroalkyl groups cause gelation, and even small changes, such as the connection position of the functional group,
can significantly affect the presence or absence of gelation ability.

In this study, phenyl benzoates containing fluoroalkyl groups or a 2-oxo-2H-chromen-6-yl group (a coumarin
skeleton) synthesized and the correlation between the self-assembled structures and conflicting properties in these liquid
crystals and organogels was discussed based on thermodynamic properties and structural analysis using spectroscopic
analysis and computational chemistry. Furthermore, the correlation between liquid crystals and gels in thermodynamic
properties and structural analyses were carried out using gels prepared from ionic liquids, which known as functional
organic liquids, and the rheological properties and ionic conductivity, which are important for application development,
were evaluated.

In Chapter 2, 4'-(1H,1H,2H,2 H-tridecafluorooctylthio)phenyl 4-alkoxybenzoates (compounds 1-n) were synthesized
as a basis of fluorine-containing phenyl benzoate-based gelators. In addition, 4’-alkoxyphenyl 4-(1H,1H2H,2H-
tridecafluorooctylthio)benzoates (compound 2-n), which has different orientation of an ester group of compounds 1-n,
and 4°-(1H,1 H,2H,2 H-tridecafluorooctylthio)benzoates, where the thioether group is changed into an ester group, were
also synthesized. Compounds 2-F and 3-F were further synthesized by substituting these terminal alkyl chains with
1H,1H,2H,2 H-tridecafluorooctylthio groups, respectively. Some of compounds 1-n, 2-n, 3-n, and 3-F exhibited SmA|
and/or smectic C (SmC) phases under polarizing microscopy. I On the other hand, compound 2-F were not mesogenic
due to an increasing in melting point. Compound 3-F exhibited only a SmA phase via a monotropic transition, whereas
compound 3-8 exhibited a SmA phase via an enantiotropic transition and exhibited an enantiotropic SmC phase. It is
suggested that the fluorination of the compounds may work adversely as L.C materials. Here, the molecular arrangement
of compounds 1-8, 2-8, 3-8, and 3-F in their respective states was estimated by temperature-variable infrared total
reflectance absorption (ATR/VT-IR). In compound 1-8, n— stacking-derived self-assembly is suggested during exhibiting

SmA phase, while in compound 2-8, the fluoroalkyl groups are self-assembled to be positioned in the orthogonal direction,
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during exhibiting SmA phase. In compound 3-8, similar self-assembly to compound 1-8 is suggested to occur during SmC|

and SmA phase exhibition. Moreover, 2-oxo0-2H-chromen-6yl 4-alkoxybenzoates (compounds 4-n) were synthesized as
a basis of coumarin-containing phenyl benzoate-based gelators. In addition, 2-oxo0-2 H-chromen-6-yl 4-alkoxybiphenyl-
4’-carboxylates (compounds 5-n), which the phenylene group of compounds 4-n substituted to a biphenylene group, were
synthesized. compounds 5-n exhibited enantiotropic SmA and/or N phases whereas compounds 4-n exhibited SmA and/or]
IN phases via a monotropic transition. Self-assembly phenomena occurred by n—n stackings or a dipole—dipole interaction|
between coumarin skeletons, which changed by an even—odd effect, supporting in ATR/VT-IR.

In Chapters 3 and 4, gelation tests of the synthesized LC materials with organic solvents (Chapter 3) and ionic liquids
(Chapter 4) were examined. These compounds were able to gelatinize the alcohols such as ethanol and 1-octanol, the high
dielectric solvents such as dimethyl sulfoxide (DMSO) and propylene carbonate (PC), and the hydrophobic ionic liquid
such as [EMIM][TFSA] and [BMIM][TFSA] at less than 5wt% addition. On the other hand, compound 2-n were also
able to gelatinize n-octane, whereas compound 1-n did not gelatinize because of dissolution. The compounds dissolved
due to hydrophobic interactions between n-octane and the alkyl chains, which caused solvation, as the alkyl chains were
not involved in the self-assembly during gelation. Compound 1-8 also required more addition than compound 2-8 when|
the gelation test was examined using PC. It is suggested that the donor—acceptor interaction appeared due to the electron|
donating of the m-electrons in the phenylene groups in compound 2-8 and the electron-accepting of PC. On the other hand,
the donor—acceptor interaction with PC was smaller than in compound 2-8. From this, it was inferred that n-electrons are
involved in the self-assembly during gelation in compound 1-8. In addition, Gelation of PC with compounds 4-n and 5-n
is related to a layered structure caused by SmA phase exhibition. Furthermore, structural analysis using spectroscopic
analysis and computational chemistry in PC gels and [BMIM][TFSA] gels to estimate the key interactions in the self
assembly of gelation revealed n—m stacking for compounds 1-n and 3-n and a fluorophilic effect for compounds 2-n.
Moreover, the key interaction in the self-assembly of gelation for compounds 4-n and 5-n are dipole—dipole interactions
and/or m— stackings.

In Chapter 5, Hydrophobic and protic ionic liquids (HPILs), where ionic liquids are well-known the designers’
solvents, were newly synthesized as exhibiting proton conductivity and hydrophobicity, using the hydrophobic solvency
of fluorine and the weakly basic hydrophobic units of aromatic amines. The synthesized HPILs exhibited hydrophobicity.
In addition, the ionic conductivity at room temperature was comparable to that of general organic electrolytes, despite
being a highly viscous liquid. The ionic conduction mechanism was estimated to be the Grotthuss mechanism due to ion|
hopping. Furthermore, the basic physicochemical properties of the synthesized HPILs were corroborated from NMR and
DFT calculations.

In Chapter 6, the thermodynamic and rheological properties, and ionic conductivity of HPIL gels prepared using the
HPILs synthesized in Chapter 5 as solvents and the compounds synthesized in Chapter 2 as gelators were evaluated. The
gels formed with compounds 3-8 and 3-F were thixotropic, as there was almost no viscosity change before and after]
shearing. On the other hand, the activation energy for ionic conduction after gelation was about 1.5 ~ 2 times larger than,
that before gelation. The PFG-NMR results suggest that HPILs of cation and/or anion interacted with the gelator, which
imay also be a mediator for ionic conduction.

In addition to the above, this doctoral dissertation also consists of Chapter 1 with an introduction and Chapter 7 with|

a summary and a conclusion.
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