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Preparation and application of large area solvent-responsive
photonic crystal films
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Abstract: Photonic crystal films were prepared via therma assisted self-assembly of P(St-BA-AMA)
colloidal microspheres, which were synthesized from semi-stepwise emulsion polymerization of styrene
(S), n-butyl acrylate (BA) and alyl methacrylate (AMA). The samples obtained were characterized and
analyzed by FTIR, SEM, DSC and micro-optical fiber spectrometer. The effects of colloidal microsphere
particle size, film forming temperature and response solvent on the structural color of photonic crystal films
were investigated, and the application of photonic crystal films in patterned anti-counterfeiting and
water-responsive paper preparation was explored. The results showed that colloidal microspheres with an
average particle size of 185~272 nm could be obtained by adjusting the mass of seed emulsion, and the
particle size was uniform. The structural colors of photonic crystal films prepared from 185, 210, 227, 245
and 272 nm colloidal microspheres were purple, blue, green, orange and red, respectively. The photonic
crystal films prepared by 210 nm colloidal microspheres, when soaked in water, anhydrous ethanol and
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acetic acid, exhibited structural colors of purple, blue and green, respectively. When the film forming
temperature was 40~100 °C, the periodic arrangement of colloidal microspheres on the surface of photonic
crystal film remained unchanged and retained their own stability. When applied to patterned
anti-counterfeiting and water-responsive paper preparation, the photonic crystal film could prevent the
problem of unclear anti-counterfeiting effect caused by the same structural color and background color, and

could be repeatedly written as well as erased.

Key words: photonic crystals, structural colors;, acrylate; films, solvent responsiveness, patterned

anti-counterfeiting; water-responsive paper
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Fig. 1 SEM images of P(St-BA-AMA) colloidal microspheres
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Fig. 4 Digital photos of photonic crystal filmsin dry and
wet state under natural light
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Fig. 5 The maximum reflected wavelength corresponding
to photonic crystal films after response
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Fig. 6 Photos of color change after infiltration of photonic
crystal films with water, anhydrous ethanol, acetic
acid
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Fig. 8 SEM images of photonic crystal films prepared at
different film-forming temperatures of sample 4
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Fig. 11 Corresponding wavelength changes of rewritable
region of photonic crystal film paper in the cyclic
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