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Side Chain Length Dependent Chiroptical Switching in Si-Si Bond Polymer Aggregates
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Cholesteric hard-core model provides the structural design of the switching material in
solid state by controlling the pitch (p) and/or diameter of the helix (D). In spite of the
applicability, the model has been neglected due to the lack of ideal polymer to test it. In
this work, poly[alkyl-(S)-2-methylbutylsilane](alkyl group= ethyl (PSil), n-propyl
(PSi2), n-butyl (PSi3), n-pentyl (PSi4), and n-hexyl (PSi5) were prepared to vary D
value define in cholesteric hard-core model. To obtain the structural information of the
dialkylpolysilanes samples in solution, CD measurements of all PSi1-5 in dilute toluene
(a good solvent) were carried out. MMFF94 force field parameters for silicon, carbon,
and hydrogen system were optimized to carry out conformation search based on the CD
data and estimate p and D. Two approaches were taken (1) estimation by the
computational model taking conformational stability in account, and (2) estimation of
the diameter by wide angle X-ray diffraction (WAXD) of similar
poly[n-alkyl-(S)-2-methylbutylsilane]s (n-alkyl =n-decyl, n-undecyl, n-dodecyl,
n-tridecyl, n-tetradecyl, and n-pentadecyl). For the MMFF and extrapolation of the
WAXD result, the p/D values had the tendency of PSil > PSi 3 > PSi 4 > PSi 5. In the
cases of PSi3—PSi5, their side chains are sufficiently long and have a large D to induce
negative bisigned Cotton effects, while for PSil, with a short side chain and small D, a
positive bisigned Cotton effect is evident. Thus the dependence of the sign of Cotton
effect on p/D ratio was consistent with the experimental results. The p/D values of the
PSi2, were 3.1 and 3.2 for MMFF94 and WAXD, respectively, which are close to .
Therefore, the experimental result matched with the cholesteric hard-core theory.
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