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am X i B Development of Heat-Resistant and Water/Oil Repellent

Aromatic Poly(ether ketone)s With Perfluoroalkyl chains

This study discusses the development of high-heat-resistant and excellent water/oil repellennt aromatic
poly(ether ketone)s by introducing perfluoroalkyl groups (CaFo) at both polymer ends. This paper consists
of nine chapters. The outline is shown below.

Chapter 1 introduces the research background, including aromatic poly(ether ketone)s with aromatic
non-coplanar structures, water/oil-repellent materials, the properties of Ry groups, fluorocarbon-polymers,
and the purpose of introducing Ry groups at polymer chain ends.

Chapter 2 describes X-ray photoelectron spectroscopy (XPS) measurements toward a cast film of aromatic
polyketone, which were polymerized between 9.9-(4-hydroxyphenyl)-2,7-bis(nonafluorobutyl)fluorene and
4 4 -dihydroxybenzophenone to investigate the arrangement of C4Fo groups on the film surface.

Chapter 3 discusses the synthesis of phenolic compounds with multiple bromo groups as end-capping
reagents and boronic esters with C4Fo/CF3 groups.  Structural analyses of the synthesized compounds were
performed using "H-NMR spectrum.

Chapter 4 describes the synthesis of aromatic poly(ether ketone)s, which consist of benzene 1ings, ketone
carbonyl units, ether linkages, and 9.9-(4-hydroxyphenyl)fluorene structures in the main chain, and multiple
C4Fo/CF5 groups at the both ends.  First, nucleophilic aromatic substitution polymerization ware performed
in NMP with K>COs; using diol monomers and an excess amount of difluoride monomers. Next,
end-capping reactions were performed using p-bromophenol or the phenolic compounds with multiple Br
groups, which were synthesized in Chapter 3. Subsequently, Suzuki-Miyaura coupling reactions were
carried out with boronic esters with C4Fo/CF3 groups using a Pd catalyst to yield the corresponding aromatic
poly(ether ketone)s. Structural analyses of the resulting polyketones at each stage were performed using
'"H-NMR spectrum and 'H-"H COSY spectrum.

Chapter 5 describes the synthesis of aromatic poly(ether ketone) with branched structures at the both ends
to incorporate of a higher number of C4Fy groups at the polymer chain ends than polyketones in Chapter 4.
First, nucleophilic aromatic substitution polymerization ware performed in NMP with K>CO;s using a
difluioride ~ monomer and an excess amount of diol ~monomer. Subsequently,
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1,3,5-tris(d-fluorobenzoyl)benzene was added and polymerized. Next, end-capping reactions were
performed using p-bromophenol or the phenolic compounds containing multiple Br groups synthesized in
Chapter 3. Last, Suzuki-Miyaura coupling reactions were carried out with boronic esters with CaFs groups
using a Pd catalyst to yield the corresponding aromatic poly(ether ketone)s. Structural analyses of the
resulting polyketones at each stage were performed using 'H-NMR spectrum and 'H-"H COSY spectrum.

Chapter 6 describes the synthesis of aromatic poly(ether ketone), which were replaced from a fluorene unit
to two methyl groups or a cyclohexane unit, with Calo groups at both ends to investigate the effects of
polymer backbone mobility on the arrangement of CyFe groups at polymer ends.  Structural analyses of the
resulting polyketones at each stage were performed using 'H-NMR spectrum and "H-"H COSY spectrum.

Chapter 7 describes the evaluation of light transmittance measurements, static contact angle measurements
with water and n-dodecane, XPS measurements, and thermal measurements (TGA and DSC
measurements} of the obtained polyketones in Chapters 4-6.  The films of the polyketones were obtained
from solution casting method and spin coating method. The obtained polyketones exhibited excellent
solubility in organic solvents such as CHCl, THF, and NMP, along with high thermal stability.
Furthermore, some polyketones demonstrated effective surface tension reduction with even small amounts
of CyF groups, achieving superior surface properties compared to PTFE.  XPS measurements revealed a
significantly high concentration of fluorine atoms on the film surface, indicating that the mtroduced Caks
groups were locally concentrated on the film surface.  Additionally, it was shown that the introduction of
C4Fs groups, branched structures, and increased flexibility of the main chain structure contributed to the
improvement of water/oil repellency in polyketones. These results provided reveals that the effects of the
introducing of Cals group at the ends of polyketones. In particular, the ability to significantly enhance
surface properties with a small amount of C4F9 groups offers a new guideline for polymer design.

Chapter 8 summarizes the overall conclusions of this study.

Chapter 9 describes experimental procedwres.  This includes information about the reagents used,
measwrement instruments, and the experimental procedures for synthesizing various monomers and
polymers.
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