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Abstract of Thesis

In this doctoral dissertation, different types of hierarchically porous monoliths were synthesized via
phase separation including thermally induced phase separation (TIPS) and chemically induced phase
separation (CIPS).

Chapter 1: A cost—effective and facile method was developed for the fabrication of two polyimide-based
(PI-based) monoliths (pure PI monolith and hybrid PI monolith) with hierarchically porous structure that
avoids the shortcomings of traditional methods. In this case, thermally induced phase separation (TIPS)
method was used to prepare polyamic acid (PAA) monoliths for the first time, and then the PI-based
monoliths were fabricated by thermal imidization. Through the introduction of
octakis(glycidyldimethylsiloxy)octasilsesquioxane to the PAA prepared by 4,4 —oxydianiline and
pyromellitic dianhydride, both hydrophobicity and mechanical strengths of the Pl-based monoliths were
improved. Moreover, the resulting Pl-based monoliths exhibited suitable permeability, homogeneous
morphology, and superior thermal stability. Adsorption tests demonstrated that the resulting hybrid PI
monoliths exhibited better adsorption performance for organic solvents and silicone oil than pure PI
monolith. Furthermore, the surface of polyhedral oligomeric silsesquioxane (POSS) hybridized PI (PI-co-
POSS) monolith can be modified into a hydrophilic layer by reaction between the hydrophilic polymer and
epoxy groups exposed on the surface. This indicates that PI-co-POSS monoliths have potential in liquid
diode application to achieve oil-water separation.

Chapter 2: The present study reported the flexible and highly efficient one-step synthesis of chiral
hierarchical porous monoliths via cross—linking and polymerization—induced phase separation using
substituted acetylene and crosslinker in the presence of porogenic solvent (tetrahydrofuran and methanol)
in which the complex doping and complicated procedures were not required. It was demonstrated that
hierarchical pore structure with through-pore and high surface area existed in the monoliths, which
provides more chiral sites and space for interaction between monolithic materials and the solution. The
porous structures and pore size can be adjusted by changing the conditions of phase separation. Moreover,
the prepared monoliths exhibited good optical activity, thermal stability and mechanical properties.
Therefore, the hierarchically porous monoliths with optical activity were applied in enantioselective
crystallization and showed good performance

Chapter 3: Hierarchically porous boronic acid group—functionalized monoliths that exhibited optical
activity were fabricated with a facile method based on crosslinking and polymerization—induced phase
separation (CPIPS). The hierarchically porous structure and large surface area were confirmed by scanning
electron microscopy and nitrogen gas adsorption/desorption isotherms. In particular, the boronic acid
functional group that can interact with a cis-diol group was successfully introduced on the skeleton
surface of the monoliths. Further, the main chain of the copolymer that constituted the monoliths
exhibited a high cis content and tacticity, and the monoliths showed good optical activity. Thus, the
present study established a facile method to synthesize hierarchically porous boronic acid group—
functionalized monoliths with optical activity via CPIPS, and the monoliths showed potential in

recognition, separation, and adsorption of compound with chirality and cis-diol groups.
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