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Synthesis, liquid crystalline property, gelation ability and
application of fluoroalkyl derivatives without protic fragments
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In the past several decades, liquid crystals and supramolecular gels have been widely applied to
liquid crystal display, gelling cryogenic fuels efc. Multifunctional materials containing liquid
crystalline property and gelation ability as liquid crystalline physical gels have been prepared. The
liquid crystalline physical gels usually compose two major components, liquid crystals and
gelators. In this study, multifunctional materials showing liquid crystalline property and gelation
ability are explored in 4-alkoxy-4'-semifluoroalkoxybiphenyl and 4-[4-(perfluorohexyl)butoxy]-
phenyl 4-alkoxybenzoates derivatives. As supramolecular phase selective gelators, 4-alkoxy-4'-
semifluoroalkoxylbiphenyl derivatives have been investigated in environmental recovery.
4-[2-(Perfluorohexyl)ethylthio]-3'-fluoro-4'-alkoxybiphenyl derivatives, as a kind of low molecular
weight gelators, have been investigated in quasi-solid-state electrolytes. The research backgrounds
for soft matter and research purposes in this work were introduced in Chapter 1.

In Chapter 2, in order to explore the driving force for the formation of liquid crystalline physical
gels in the subsequent study, different kinds of compounds such as 4-semifluoroalkoxybiphenyl
derivatives and 4-[4-(perfluorohexyl)butoxy]phenyl 4-alkoxybenzoates derivatives were
synthesized. In order to investigate effect of semifluoroalkyl group, compounds with alkyl groups
were also synthesized. And in order to investigate n-mt interactions, the number of benzene in core
| groups were explored. 4-[2-(Perfluorohexyl)ethylthio]-3'-fluoro-4'-alkoxybiphenyl derivatives
were also synthesized and applied to quasi-solid-state dye-sensitized electrolytes.

In Chapter 3, liquid crystalline properties of 4-alkoxy-4'-semifluoroalkoxybiphenyl derivatives
were explored. The terminal groups of 4-alkoxy-4'-semifluoroalkoxybiphenyl derivatives were
explored from butyl group to decyl group. The types of textures mesophases such as smectic C,
smectic A mesophase were observed. Compounds with a single benzene group do not show liquid
crystalline property, while with a biphenyl group show liquid crystalline properties. Liquid
crystalline properties of 4-alkoxy-4'-semifluoroalkoxybiphenyl derivatives depending on terminal
groups, the core groups and semifluoroalkoxy groups which were proved.

In Chapter 4, gelatiori ability of 4-alkoxy-4'-semifluoroalkoxybiphenyl derivatives were
investigated.  4-Pentyloxy-4'-[4-(perfluorohexyl)butoxy]-1,1'-biphenyl and 4-hexyloxy-4'-[4-
(perfluorohexyl)-butoxy]-1,1'-biphenyl can gelatinize y-butyrolactone even at critical gelation
concentration of 0.5 wt%. 4-Octyloxy-4'-[4-(perfluorohexyl)butoxy]- 1,1'-biphenyl and
4-decyloxy-4'-[4-(perfluorohexyl)butoxy]-1,1'-biphenyl also gelatinize propylene carbonate at the
similar critical gelation concentration. The aggregation state was explored using scanning electron
microscope, infrared spectra and 'H NMR spectra. In propylene carbonate xerogel system formed
by 4-pentyloxy-4'-[4-(perfluorohexyl)butoxy]-1,1"-biphenyl, the molecules form three dimensional
fiber networks without hydrogen bonding. Thermal and rheogical properties of supramolecular
gels were also investigated. Supramolecular gels formed by
4-octyloxy-4'-[4-(perfluorohexyl)butoxy]-1,1'-biphenyl and 4-decyloxy-4'-[4-(perfluorohexyl)-
butoxy]-1,1'-biphenyl in propylene carbonate are more thermally stable than other solvents such as




| y-butyrolactone and DMSO, and show rigidity and elastic characters.

In Chapter 5, 4-decyloxy-4'-[4-(perfluorohexyl)butoxy]-1,1'-biphenyl were studied as a phase
selective gelator. The gelators show effective gelation abilities in different solvents, especially in
oil and amine. 4-Decyloxy-4'-[4-(perfluorohexyl)butoxy]-1,1'-biphenyl can gelatinize oil and
amine at low concentration even of 0.2 wt% in heating-cooling cycle. In order to suit for
environmental applications, the gelation abilities of 4-decyloxy-4'-[4-(perfluorohexyl)-
butoxy]-1,1'-biphenyl solutions in THF and toluene were investigated with the mixture of sea
water and oil/amine at room temperature. The results show that selective gelation abilities of
solution in THF are better than that in toluene. The reason of low effective gelation ability of
4-decyloxy-4'-[4-(perfluorohexyl)butoxy]-1,1'-biphenyl solution in toluene was investigated by
scanning electron microscope.

In Chapter 6, 4-[4-(perfluorohexyl)butoxylphenyl 4-alkoxybenzoates as a new types of
molecular structure were explored in liquid crystalline property and gelation ability. As the
carbon number of terminal alkoxyl group slightly increases, the gelation abilities are increased.
The ester derivatives with biphenyl carboxylates show wider thermal range of mesophase than
that with fewer aromatic cores. At the same time, the gel to sol transition temperature of ester
derivatives with biphenyl carboxylates in n-octane and y-butyrolactone are higher than that with
benzoates. The benzene groups and terminal substitution groups play important roles in liquid
crystalline property and gelation ability, which were proved again.

In Chapter 7, 4-[2-(perfluorohexyl)ethylthio]-3'-fluoro-4'-alkoxybiphenyl derivatives as low
molecular weight gelators were explored in quasi-solid-state dye-sensitized electrolytes. The gel
electrolyte with 4-[2-(perfluorohexyl)ethylthio]-3'-fluoro-4'-dodecyloxy-1,1'-biphenyl shows
similar effective ionic conductivity to electrolyte solution.

In Chapter 8, the conclusions of this dissertation and prospects for future study were described.
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