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Abstract: “The Polymeric Photonic Crystal Working Group” has conducted the research of
photonic  crystals fabricated with polymeric materials. Block copolymers with
ultra-high-molecular-weight such as 10° g/mol are expected to be used as materials of photonic
crystals because self-assembly of block copolymers provides a bottom-up approach easier for
fabricating optical devices than a top-down approach. We already showed microphase separation
can be induced by addition of differentiating non-solvent to a low concentration solution. As a
result, highly ordered large grains on the order of centimeter were formed in the vicinity of the
phase boundary because of the high mobility. However, the resulting crystals had the structural
distortion along the gravity force, such as morphological transition or lattice distance distribution.
We consider the distortion resulted from the concentration gradient of the constituent components
In this study, as a model polymer, we used polystyrene-block-poly tert-butyl methacrylate which
was synthesized by the living anionic polymerization technique. Computer simulation and
small-angle neutron scattering were performed to elucidate the effect of the concentration
difference on the structural change. We found that the subtle difference of the water concentration
had the great effect on the lattice distance and that the common solvent also moved from one
phase to the other by the addition of the differentiating non-solvent. By this result, we established
a technique to estimate the composition gradient generated by the gravity force. Using this method,
we can evaluate the microgravity effect on the crystal growth which will be performed on the ISS
in the future.
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Fig.1 Phase diagram of the solution system as a function
of polymer concentration and water concentration.
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Fig.2 2-D Simulation of microdomain
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Fig.3 1D SANS profile at water conc. of 8.2 vol. %
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Fig. 4 1D profile at water conc. of 9.1 vol. %
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Fig.5 water/THF in each phase
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