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Abstract

This project is aimed to develop the solid
background regarding the understanding of
hydrogen bonding interaction or other
interactions. For example, the work entitled
“Synthesis and Assembly Behavior of
Heteronucleobase-Functionalized
Poly(epsilon-caprolactone)” published in the
journal, Macromolecules, recently describing
the fabrication of new PCL derivatives with
functionality possessing multiple hydrogen
bonding interactions apparently possessed the

originality in terms of science and technology.

Other work such as the article entitled “A
New Poly(amide urethane) Solid State
Electrolyte  Containing  Supramolecular
Structure” also behaved as the above.

Keywords: Self-Assembled, hydrogen-
bonding, Polyelectrolyte, Hybrid,

Microstructures
Z ~Bd BPeh

We are the first team in the world to
develop a new class of low surface energy
materials without containing fluorine or
silicon. We also possess extensively both
“top-down” (lithography) and “bottom-up”
(self-assembly) technologies. In this project,
we intend to combine these two approaches
to explore and develop new advanced
materials with nanostructural
organic/inorganic hybrids possessing
potential applications in numerous fields.
Firstly, our goals are to prepare a series of
inorganic-organic hybrid copolymers
involving POSS, the smallest polymerizable
inorganic moiety of 1 nm, through various
precision polymerization and modification
methods to develop high performance
polymeric nanocomposites for optoelectronic,
aerospace, and defense applications.
Secondly, we have already developed a new
class of non-toxic low surface energy
materials neither containing fluoro nor
silicon. We would like to further extend our
studies as coating materials for application in
area such as self-cleaning,
protection, anti-cloggy

corrosion
inorganic



nanoparticles, integrated sensor, nanoimprint,
and inkjet nuzzle. Thirdly, Block copolymer
lithography refers to the use of these ordered
structures in the form of thin films as
nanopatterning templates which has potential
applications in areas of nanostructured
membranes, lithography, photonic crystals,
and high-density information storage media
and others. In order to realize these
applications,
spatial and orientational order is paramount.

control over micro domain

2L E S BERAHR
In the past several years, we put our
emphasis not only on these three different
fields described in the our proposal,
including (a) the fabrication and development
of the new low surface free energy materials,
(b) the preparation of inorganic-organic
hybrid copolymers containing POSS through
various modification methods to develop
polymeric ~ nanocomposites  possessing
potential for applications the investigation on
and attempting to control the microstructure
of block copolymers, but also on employing
click chemistry to fabricate materials with
diverse functionalities.
The detailed description was illustrated in
the following section.

The fabrication and development of
the new low surface free energy materials:
The hydrophilicity of bis
(3-allyl-3,4-dihydro-2H-1,3-benzoxazinyl)
isopropane (B-ala) polybenzoxazine film and
superhydrophobic polybenzoxazine -hybrid
surface can be controlled through UV
exposure to change the ratio of intra to
intermolecular hydrogen bonds. Additionally,
we have found that the superhydrophobic
polybenzoxazine-silica  hybrid surface

exhibits good adhesion of water droplets after
UV exposure, which can be served as a
“mechanical hand” to transfer water droplets
from a superhydrophobic surface to a
hydrophilic one.

The preparation of
inorganic-organic hybrid materials: We

new

have constructed organic/inorganic hybrid
materials consisting of thiol-functionalized
isobutyl-POSS colloids and Au NPs. The key
feature of the self-assembly of the hybrid is
the crystallization of excess SH-POSS
colloids, which form a fernlike thin film,
with relatively large surface interstices that
incorporate the SH-POSS-protected Au NPs.
This simple,
process allows thin films with ordered
patterns to be prepared reproducibly with
high quality. Moreover, Au NPs and
SH-POSS colloids can be fused together
through thermal treatment with essentially
complete the  microwire
structuresin forming an

rapid, droplet evaporation

retention  of

this  case,
interconnected porous bulk Au network.
Given the simplicity and diversity of this
method, we suspect that it may have several
potential applications.

Control the microstructure of block
copolymers: Self-assembly morphologies of
these immiscible PCL-b-P4VP diblock
copolymers were able to be changed through
competitive hydrogen-bonding interactions
with the increase of PVPh contents. Our
studies provide evidence that the P4VP
pyridine group is a significantly stronger
hydrogen-bond acceptor than the PCL
carbonyl group and that PVPh interacts with
PAVP  preferentially  through  stronger
hydrogen-bonding interactions in
PCL-b-P4VP/PVPh blends. In this way, we



can obtain different self-assembly
morphologies in PCL-b-P4VP/PVPh blends
with the increase of PVVPh contents.
Fabricating materials
functionalities: (a) These
acetylene-functionalized  poly(N-isopropyl-
acrylamide) (PNIPAm) copolymers were
successfully synthesized and their use in the
fabrication of ultrathin thermoresponsive
microcapsules  through direct covalent
layer-by-layer (LbL) assembly using click
chemistry. This method not only provides a
unique approach toward microcapsule
construction with direct covalent bonding
under mild reaction conditions but also opens
a platform to better understand the effects of
the degree of cross-linking on the thin film

with diverse
azido- and

thickness and morphology. (b) The
heteronucleobase (adenine and
uracil)-functionalized

poly(epsilon-caprolactone) (A-PCL-U)

possessing supramolecular structure has been
successfully  synthesized  through the
combination of ring-opening polymerization
and Michael addition reaction. Attachment of
multiple hydrogen-bonding units to chain
ends of PCL results in phase separation and
substantial increase in the viscosity. The
association constant (K-a) between adenine
and uracil groups of A-PCL-U calculated
from NMR measurement is 18.9 M-1. XRD
and DSC analyses indicate that the crystalline
structure of the A-PCL-U is changed to some
extent due to phase segregation as compared

to the PCL homopolymer. The AFM
micrograph ~ demonstrates that  phase
segregation is formed from the hard
nucleobase  chain  ends and  soft

poly(epsilon-caprolactone) chains of the
supramolecular complex. (c) A new solid

state electrolyte (SPE) possessing
self-complementary interaction (arrays of
hydrogen bonds)  was  successfully
synthesized. The presence of the highly
interacted self-complementary sites induces
the resulted solid state polymer electrolyte to
exhibit more ordered
free-flowing ion conductive path and results
in enhanced ionic conductivity. The new SPE
exhibits half order higher ionic conductivity
than the control SPE, indicating that the
self-complementary material has the potential
for the SPE application. A new concept of
preparing SPEs is proposed.

I~ FkpE

structure  and

Based on the above, our works possessed
the originality of both science and technology.
For example, the work entitled “Using Click
Chemistry to Ultrathin
Thermoresponsive Microcapsules Through
Direct Covalent Layer-by-Layer Assembly”
published in the journal, Macromolecules,
recently describing the fabrication of
thermoresponsive  microcapsules  through
direct covalent LbL assembly via click

Fabricate

chemistry using clickable azido- and
acetylene-functionalized PNIPAmM
copolymers  apparently  possessed the

originality in terms of science and technology.
Other works such as these articles entitled
“Fabrication of Patterned Superhydrophobic
Polybenzoxazine Hybrid Surfaces” and
“Self-Assembled Fernlike Microstructures of
Polyhedral Oligomeric Silsesquioxane/Gold
Nanoparticle Hybrids” also behaved as the
above.

In terms of the economic benefit and social
impact, the development of these unusual
properties and newly synthesized materials
will be continued in the third year and it is



expected that the potential of these materials
for application will be evaluated. As these
advanced materials are  preliminarily
applicable, the economic benefit and social
impact will be gradually appeared.
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Jan 4, 2010 — Monday

Nanofabrication

Oral Session | - LT18
Oral Session 11 - LT14
Oral Session 11 - LT16
Nanoelectronics

Oral Session | - LT17
Oral Session Il — LT13
Oral Session 111 - LT15
Nanophotonics

Oral Session I - LT11
Oral Session Il — LT7
Nanobiology

Oral Session—LT1
Nanophysics
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Nanophotonics

Oral Session — LT11
Poster Session |
Nanobiology

Oral Session—LT1
Poster Session |
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Oral Session Il - LT13
Oral Session Il - LT15
Poster Session 11
Nanophotonics

Oral Session—LT11
Poster Session 11
Nanobiology

Oral Session | - LT1
Oral Session I1 - LT3
Poster Session 11
Nanophysics

Oral Session |- LT12
Poster Session 11

Jan 8, 2010 - Friday
Lab Tour
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