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Organic-inorganic composite films combine the flexibility and moldability of organic
matrices with the strength and thermal resistance of inorganic fillers. These hybrid materials
hold great promise for applications in electronics, mobility, life sciences, and architecture. As
outer coatings, they must possess durability, water repellency, and precise optical properties,
which require optimal combinations of matrix, filler, and surface treatment. This study
focuses on the optical functionality of these films, which is essential for their practical use.
Two types of films were fabricated, one featuring disordered fillers and the other with
ordered structures; both were treated with reactive plasma. Morphological and reflectance
analyses were performed to assess the effects of filler type and surface treatment. In the
disordered titania-fluoroethylene-vinyl ether composite, oxygen plasma ashing selectively
removed the matrix, enhancing Mie scattering from the exposed titania nanoparticles and
producing a distinct blue coloration. By contrast, the ordered silica-PEG 3D photonic crystal
showed partial etching of silica spheres, forming low filling-factor structures that cannot be
achieved through self-assembly, while also introducing structural disorder. This
transformation caused a blue shift and broadening of the photonic stopband. The findings
demonstrate that plasma processing enables stepwise control over color, reflection
wavelength, and bandwidth. The flexible optical response of the partially disordered
structures offers potential for high-visibility sensors, structural color indicators, and
broadband optical filters.
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Fig. 1 Optical setup for angle resolved reflectance
measurement prepared for evaluate the photonic
stop bands of silica-PEG photonic crystals.
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Fig. 2 Transformation in the appearance, structure, and
color coordinates of the titania-FEVE composite film
before and after oxygen plasma ashing. (a), (b)
Photographs of the film’s appearance, (c), (d) FE-
SEM images of the film’s microstructure. (e) Time
dependence of color coordinates (a* and b*) in the
CIE Lab color space. (f) Mechanism of the blue shift
induced by ashing.
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Fig. 3 Appearance of silica-PEG three-dimensional
photonic crystal (3DPhC) film with silica diameters d
ranging from 200 to 300 nm.
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Fig. 4 Reflectance spectra of silica-PEG 3DPhC as a
function of incident angle. (a), (c), (e) and (b),
(d), (f) depict the reflectance in sample with silica
diameters of d=200, 250, 300 nm before and after
plasma process.
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Fig. 5 SEM images of silica-PEG 3DPhC with different silica
sphere diameters. (a), (c), (e)and (b), d), (f)
show the SEM images before and after plasma
process. The filling-factor (FF)= r/a of each sample
is denoted at upper right.
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Fig. 6 (a) Reflectance spectrum of silica-PEG 3DPhC (blue
circle) and the fitting result (blue dashed line). (b),
(c) Incident angle dependence of peak energy and
FWHM in silica PEG 3DPhC before and after plasma
treatment.
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