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Introduction

With the development of material science in the past several decades, the surface or interface properties between
various matters have provided a very important direction in advanced material field, which has attracted much attention.
For satisfying various industrial or environmental requirements, an empirical characterization of materials interactions at
the surface/interface has been carried out, particularly, in practical production processes. So far, many people have
nvestigated single-component functional and structure materials, however, they are insufficient to fulfill the demand of
industrial development and human life. Hybrid, composite, and block-element materials are becoming popular research
fields, and the researchers expect to take advantages of two or more than two component materials for creating high-level
advanced materials, which can meet the requirements for resolving energy, environmental and economic problems.
Controlling material surfaces or interfaces has been recognized as a more effective approach to prepare functional materials
compared with modifying surface chemical elements or changing a surface structure. This dissertation is focused on a
combination of amphiphilic fluorinated polymers with various interfaces involving air-water and oil-water interfaces. The
nanostructure formation ability of amphiphilic fluorinated polymers was investigated in detail.

Amphiphilic Fluorinated Polymers

Amphiphilic polymers have water-loving and oil-loving properties in itself, which make it possible to self-assemble
into various texture structures. The key points for creating texture structures are elucidation of how non-covalent
(secondary) interactions take place when molecules are placed at a certain environment, in my case, interface. It has already

been reported that amphiphilic poly(N-alkylacrylamide)s and copolymers with various functional groups in side chains,
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e.g, aromatic hydrocarbons, redox active groups, photoreactive groups, pH-
sensitive groups, organometallic complexes, nonlinear groups, took a stable
monolayer formation at the air-water interface. Highly ordered and densely packed
polymer nanosheets were fabricated on the water surface supported by a two-
dimensional hydrogen bonding network between polymer chains through amide
groups.? Compared with hydrocarbons, fluorocarbons have lower intermolecular
interactions, therefore, it is well known that fluorocompounds have quite low surface

tension. If fluorocompounds are assembled with a well-defined nanostructure, more

CH;

—QCHZ—(::%T1
c=0

ot
(?Fz)s

CF;
Figure 1 Chemical structure of

PCF MAA

interesting surface properties will bring about, which are promising for advanced

materials applications. To demonstrate nanostructure control of fluorinated polymers, the author selected poly(N-1H, 1H-
pentadecafluorooctyl methacrylamide) (pC7F1sMAA, Fig. 1),' which has hydrophipic—CO-NH- groups and hydrophobic

fluorocarbon groups; those groups provide with amphiphilic properties, which enable to self-assemble into nano-scale or

micro-scale structures utilizing very limiting space at the interface.

Fluorinated polymer nanosheets for

photopatterning applications

The pC7F1sMAA nanosheets were fabricated using the
Langmuir-Blodgett method at the air-water interface.
They were deposited on solid substrates by vertical
dipping. The monolayer thickness was determined using
surface  plasmon resonance  spectroscopy:
nm/monolayer. Subsequently, the surface wettability of

13

polymer nanosheet was measured by Sessile drop
method. The surface had fairly great contact angle (118°)
and low critical surface fiee energy (8.5 mN/m), implying
a highly oriented layer structure of pC7FisMAA in
polymer nanosheets. Then the photopattemn formation
ability of pC/F1sMAA nanosheets were investigated.
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Figure 2 (2) Grid photomask; (b) 5 pm grid photopattem of 30 layers
pCF1sMAA nanosheets; (c) AFM image of grid photopattem; (d) Cross-
saction mage of grid photopatiem.
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Figure 3 (a) Height of ink pattem as a function of the number of pCJF,MAA
nanosheets layers; (b) Height of ink pattem as a finction of irradiation time.

Deep-UV irradiation in air at room temperature resulted in positive-tone photopatterns with non-development process (Fig.

2(b)). AFM images proved that pC7F1sMAA nanosheets were removed completely from the substrate (Fig 2(c)). In terms
of surface wettability, the water contact angle decreased gradually from 118° to 10°, which provided an enormous
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wettability contrast on the photopatterned surface. Using the salient benefit of photopattemed pC7FisMAA nanosheets,
aqueous Ag ink patterns were yielded. The structure-property relationship of the film thickness of pC7F1sMAA nanosheets,
water contact angle, and Ag ink thickness was discussed (Fig. 3).

Preparation of amphiphilic fluorinated polymer nanoparticles film and application for

dissolved oxygen sensor a

This chapter camies an enormously enhanced dissolved

oxygen sensor system consisting of amphiphilic acrylamide-

based polymers: poly(N-(1H, IH-  Figue 4 (@) pCFMAANDDA/PTPP) film; (b) SEM image of
pCEisMAA/NDDA/PITPP) filim; (c) Static water contact angle.
pentadecafluorooctyl)methacrylamide)  (pC7FisMAA) and 1
poly(N-dodecylacrylamide-co-5-{4-(2-
8 %1
methacryloyloxyethoxycarbonyl)phenyl]-10,15,20- g
triphenylporphinato platinum(I)) (p(DDA/P{TPP)).? The film ’ N .

Dissolved Oxygen (mg L")

was prepared by casting a mixed solution of pC7F1sMAA and Figre W;f""‘"?é'; i o of a

p(DDA/P(TPP) with AK225 and acetic acid onto a solid ﬁ;m%g;gﬁ (Eg/ij‘ff to;;;mg’m
substrate. The film has a porous structure made of nanoparticle (b) Stem-Volmer ploss forthe porous flm (red) and the cast film (bluc).
assemblies with diameters of several hundreds of nanometers (Fig. 4). The nanoparticle formation ability ensures both
superhydrophobicity with a water contact angle greater than 160° (Fig. 4(b)) and gas permeability so that molecular oxygen
can enter the film from water. The film shows exceptional performance as the oxygen sensitivity reaches 126 (the intensity
ratio at two different oxygen concentrations (l4/lo); 40 and O (mgL") correspond to dissolved oxygen concentration) (Fig.
5). Understanding and controlling porous nanostructures will provide opportunities for making selective

penetration/separation of molecules occurred at the superhydrophobic surface.

Amphiphilic fluorinated polymer nanoparticle

formations using immiscible solvents

In this chapter, the nanostructure formation ability of amphiphilic
polymer pC7F1sMAA was demonstrated through self-assembly at
the interface of immiscible solvents. By mixing pC7F1sMAA with
AK-225 and water, apparently uniphase dispersion was obtained

(Fig. 6(a)), mplying that pC7F1sMAA took a micelle formation. - "

. . Figure 6 pC7F1sMAA solution in immicible solvents before

SEM measurements revealed that nanoparticle (< 50 nm) (Fig. 6)  and after stiming(@), SEM images of pC FMAA
nanoparticles (b); after 3 months (c) and (d).
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formations were possible by spreading the dispersion on the
substrate. The micelle formation mechanism was examined by
varying several parameters in micelle preparation conditions. Then
oxygen-sensitive platinum porphyrin (PtOEP) was embedded in
the nanoparticle to demonstrate the dissolved oxygen sensor
performance. The nanoparticle showed so-called Soret and Q
bands at 380 nm and at 540 nm, respectively (Fig. 7(a)). The
nanoparticle "nanosensor” exhibited strong luminescence at 645
nm, which decreased greatly when the dissolved oxygen
concentration was increased (Fig. 7(b)). As shown in Fig. 7(c) the
luminescence sensitivity reached 42 in the range of 0~40 mg/L.
The system had a response time of 10~15 s when switching from
deoxygenated condition to oxygenated condition (Fig. 7(d)), which
is faster response time compared with that of the dissolved oxygen
sensor system discussed in the preceding chapter.

Summary

The fluorinated amphiphilic polymer was fabricated to create various micro or nanotextured structures using liquid-liquid
surface or interface. The present research results show the potential of nanostructured amphiphilic fluorinated polymer, and
the author believe that these nanostructured fluorinated polymer will be applied for printing and optical sensor field.
Moreover, research results have a great impact in various fields using amphiphilic fluorinated materials, which can lead to
more effective advanced materials for devoting thin film technology, surface chemistry, sensor, biomedical and bio-

imaging field etc.
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Figure 7 (a) Excitation spectra of PtOEP encapsulated
pCF ,MAA nanoparticles in water; (b) Luminescence
spectra of pCF MAAPOEP nanoparticles as a
function of dissolved oxygen concentration; (c) Stem-
Volmer plots; (d) Time course of PtOEP luminescence

intensity.
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25 2 E T3 poly(N-1H,1H-pentadecafluorooctyl methacrylamide) (pC,FsMAA)ASKH L TR E /27
FEAREZ E D ERER EICERFF /> —FELTEHRETEAIEZHAAL TREFENER X
OHBFHZ K 2 MR BRI D W TR 21T TWb. pCFsMAA OFMEHBEI R F—0
9.77mN/m EIEFWIERHHHIFRINF—THDZ L. ZOMEDKEHNHEIEICEID HEHEND
Z&, BRAKTENANBHICEODEEEZRELIZEE 11COKOEMAZEZHF TS pCFisMAA
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KR A > DRI =2 2 EBTEL I LEEZHLSNITL TS,

%5 3 ETIL, pCFsMAA % 2 R DB IR (AK-225 & BFER)ICVAME U BEARER EicF+ A K -
WIRERTSHZET. BEFT /AN OBEREZET ESTFF /RTFEEZRAHKLTVWS,
pCFisMAA F / R FEIROERSGAZRH U BERESILCRBREN T VR FEEOSBICKRERE
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WRLNBWIERICERERBEREZEL Y —OHEITRIIL TS,
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