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Development of thermo-reversible rubbers by RAFT polymerization and Diels-Alder type click
reaction
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Functional star polymers were synthesized by RAFT polymerization of various vinyl monomers
involving n-butyl acrylate, acrylic acid, N-isopropyl acrylamide, and N-vinylcarbazole using
multifunctional chain transfer agents (CTAs). A xanthate-type and dithiocarbamate-type
tetrafunctional CTAs were employed to afford four arm star polymers having relatively low
polydispersities and controlled molecular weights. Both tetrafunctional CTAs were found to be
the most efficient for the controlled synthesis of four-arm poly(n-butyl acrylate) stars having
pre-determined arm lengths. The number-average molecular weights of the poly(r-butyl acrylate)
stars increased with the [monomer]/[CTA] ratio, and the molecular weight distributions remained relatively
narrow, indicating the feasibility of controlling the molecular weights. In the cases of the polymerization
of acrylic acid as well as n-butyl acrylate, the SEC traces were unimodal with no evidence of high
molecular weight species. The modifications of the dithioester end-groups of the poly(n-butyl
acrylate) and poly(acrylic acid) stars by aminolysis afforded the corresponding star polymers
having thiol end groups. The formation of disulfide linkages was obtained by the oxidation of
the terminal thiol groups of the star polymers using various oxidizing agents. The reactions of
the dithioester end-groups with 2,2-pyridyl disulfide afforded the star polymers having pyridyl
disulfide end groups, which can be used for further thiol-disulfide exchange chemistry.

Organic-inorganic hybrid stars having inorganic core were also obtained by RAFT
polymerization with silsesquioxane-based multifunctional CTA. We synthesized a multifunctional
RAFT agent having xanthate groups on the periphery of silsesquioxane nanoparticles. Star-shaped
organic-inorganic hybrids with low polydispersities were obtained by RAFT polymerization of
n-butyl acrylate as well as N-vinylcarbazole from the silsesquioxane-based macro-CTA. The
molecular weights of the star-shaped hybrids could be manipulated by the ratio of the monomer to
macro-CTA in the feed. The sizes and shapes of the hybrids were also characterized by GPC with
RALLS, DLS, and SFM measurements.
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