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Micellar Copolym
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n=18; m=14,7 Styrene Unimolecular Particles
PEO Macromonomer

D =30-40 nm
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The synthesis of macromonomer and their use in the preparation of a variety of graft
copolymers have become of interest in recent years. However, the graft copolymers
prepared by conventional radical copolymerization with a macromonomer usually have
large heterogeneity in the composition due to the difference in the reactivity ratio. Here, I
investigated the micellar copolymerization behaviour with macromonomers 1 and a
hydrophobic monomer, styrene, solubilized therein under several conditions. The
copolymerization proceeded very rapidly, azeotropically and transparently to afford a
highly branched graft copolymer poly(styrene-graft-PEO). The interest here is to focus on
the organized copolymerization proceeding in the manner of a pseudo-living radical
copolymerization with highly limited terminations between compartmentalized
propagating radicals. This type of the copolymerization we call as “micellar
copolymerization” which is different from the emulsion copolymerization.

Micellar
Copolymerization
CH30{-CHZCH20JrH(CHz)m®~CH=CH2 + CH=CH,
C;-PEOCpSn ]
n=18;m = 14,7 Styrene Unimolecular Particles

PEO Macromonomer
D =30-40 nm

Background, purpose and points of this study are given in Chapter 1. Considering the
structure of amphiphilic PEO macromonomers bearing hydrophilic PEO chains and
hydrophobic polymerizable end groups, they can easily organize in water into micelle.
The organization of the macromonomers into micelles here is the most interesting point of
view. Moreover, the polymerization rate of PEO macromonomer became faster with
hydrophobically enhanced styryl groups, C;-PEO-C,-S-n, compared to that with just p-
vinyl benzyl group because of higher styryl end groups will organize more compactly into

micelle core to enhance the polymerization rate.




In Chapter 2, by using this unique micellization behavior of the PEO macromonomers,
I attempted to synthesize well-defined graft copolymers of styrene with PEO
macromonomers with various p-alkylstyryl groups of the macromonimers in water under
various conditions. It was found that the copolymerization at an equimolar concentration
of styrene and 1 with a water-soluble initiator 4,4'-azobis (4-cyanovaleric acid) (AVA) or
an oil-soluble initiator (AIBN) at 60°C proceeded apparently homogeneously to give 15-
20 nm radius (by DLS) sized microparticles. Interestingly, the fractional conversion rate
of styrene was remarkably accelerated by the presence of the polymerizable
macromonomer micelles. The conversion rate increased with increasing hydrophobicity
(m) of the macromonomer. In case of m=7 the rate of polymerization of macromonomer
and styrene became azeotropic. The most important experimental fact here is that the
apparent molecular weights of the graft copolymers increased with conversion of
monomers. By SEC-MALLS measurement in DMF the apparent MW and <8%5,"2 of the
copolymer were estimated as 7.44 x10° and 100nm, respectively, while Ry, = 15 nm in
water, as estimated by DLS, suggested a unimolecular micelle. This is indication of living-
like radical polymerization in an organized system, without any particular additives as in
the well developed, living radical systems such as TEMPO-mediated polymerization and
ATRP.

Chapter 3 shows that the aqueous solution properties of the graft copolymers prove
formation of a unimolecular micelle, together with the morphological structure of PS-g-
PEO in water. Here, the fluorescence technique using pyrene as a probe, 'H NMR, DLS,
and SEC-MALLS measurements provided much information for the graft copolymer
solutions. Thus, the graft copolymer is in a compact micelle with all the polystyrene main
chain located in the core of the micelles whereas all hydrophilic PEO chains are located in
the corona.

In Chapter 4, I just extended the investigation to the micellar post photopolymerization
and copolymerization behaviour for utilization of new organized micellar system of PEO
macromonomers with a hydrophobic monomer, styrene, under several conditions. The
characterization of homopolymers and copolymers revealed that the present organized
micellar (co) polymerization system also proceeded a “living” like radical
polyemerization. The graft copolymers of styrene with macromonomer C;-PEO-C7-S-18
formed in water 24 nm radius particles and the apparent molecular weight My app= 2.76
x10° after 2 hour conversion after 30 sec UV irradiation. This is also another indication of
very stable “unimolecular” nano-particle by pseudo living like radical polymerization.

Chapter 5 is a summary of findings of the research through Chapter 2 to Chapter 4 with
the future research suggested. The new technologies and methodologies proposed in this
research are expected to contribute to enhance new living like radical polymerization
systems.




