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ABSTRACT

The helical mono-substituted polyacetylene (SPA)s as one of the m-conjugated
polymers are expected as a new advanced material due to its many interesting
physicochemical properties in the solid phase including electrical conductivity,
nonlinear optical behavior, magnetic memory effects, and so on. These
properties are related to the geometrical structure and higher-order structure of
the helical main-chain. However, the helical pitch width, its diameter, and the
crystal structures of SPAs which were stereoregularly prepared with the Rh
complex catalyst, [Rh(norbornadiene)Cl]le-triethylamine have not yet been
investigated in detail. Therefore, we have investigated whether the geometrical
and helical structures of the SPAs can be controlled through molecular design
and/or external stimuli.

The p-n-hexyloxyphenylacetylene (pHexOPA) as the SPA monomer has been
stereoregularly polymerized using the Rh complex catalyst, at 25 °C to produce
helical cis-transoid polymers that form a self-assembled hexagonal columnar
crystal in the solid phase. When ethanol and n-hexane were used as
polymerization solvents, a yellow PpHexOPA, poly(Y), and its red polymer,
poly(R), were obtained, respectively. The diffuse reflective UV-vis spectra of the
poly(Y) and poly(R) in the solid phase exhibited absorption peaks at 445 nm and



575 nm, respectively. The XRD patterns of the poly(Y) and poly(R) exhibited
typical columnar structures assignable to the stretched and contracted helices,
respectively, which were confirmed by molecular mechanics calculations. The
poly(Y) was irreversibly transformed into a reddish-black polymer, poly(Y-B),
whose columnar diameter was nearly identical to that of poly(R) when heated at
80 °C for 1 h in N2 gas. These findings suggest a thermally irreversible
rearrangement from an unstable poly(Y) with a stretched helix to a stable
poly(Y-B) with a contracted helix in the solid phase.

Polymer without an oxygen atom in the side chain of the SPA was similarly
prepared using the same catalyst. When n-hexane was the polymerization
solvent, a red poly(R) was obtained with a contracted helix that forms a
hexagonal crystal. When the poly(R) was heated to 80 °C, it was transformed to
the black poly(B), generating partially stretched helices. Then, the pristine
hexagonal crystal was transformed into two thermally unstable tetragonal
crystals packed with the contracted and stretched helices. These results
indicated that the type of helix was altered by the polymerization solvent and
the external stimuli, while the crystal structures were also transformed
thermally, and the helical main-chain structure was significantly affected by the

side-chain structure of the SPA phenyl ring.
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