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Study on structural coloring mechanism of colloidal crystal films consisting of
cross-linked polymer microparticles
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Recently, we have reported a structural colored colloidal crystal elastomer, which was prepared by
immersing a colloidal crystal film of regularly assembled poly(ethyl acrylate-co-methyl
methacrylate) (P(EA-MMA)) nanoparticles in ethyl acrylate containing small amount of
cross-linker, and subsequently polymerized the immersing solvent to cross-linked poly(ethyl
acrylate) (PEA).  Because of the selective reflection of the visible light, the colloidal crystal
film exhibited visible structural color, and the color was successful immobilized in PEA elastomer
matrix even after the polymerization reaction.  In this study, we used eighteen monomers with
various chemical structure as the swelling solvent.  For the structural colored samples after the
swelling, the monomer was polymerized with cross-linker to obtain colloidal crystal/polymer
matrix composite film.  Visual image of the finally obtained film could be classified into three
groups, i.e., (i) the structural color was maintained after the polymerization, (ii) the film became
non-colored transparent state, and (iii) the film became turbid.  With considering affinity and
refractive index difference between P(EA-MMA) nanoparticle and the matrix polymer, the
changing behavior of the structural color was discussed.  The structural colored composite film
was obtained when the solubility parameter between P(EA-MMA) and the matrix polymer was
close, and the refractive index difference was larger than 0.007.  In this case, the swelled
monomer in the nanoparticle was polymerized in the particle with inter-penetrated manner, and the
colloidal crystal structure could be maintained even after the polymerization. ~ When the affinity
between the nanoparticle and the matrix polymer was bad, the colloidal crystal film became turbid
because of macroscopic phase separation and resulting irregular aggregation of the nanoparticle.
If the refractive index difference between the nanoparticle and matrix polymer was small enough,
the system can be considered as optically homogeneous state, and the sample became transparent
even when the colloidal crystal structure was destroyed.
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