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Optical properties and sensing applications of micro-nano

structures in Papilio maackii

Wang Qian, Yu Leilei, Liu Changji, Jin Yanping, Dong Xiaoxiang, Xu Xinlong
(Shaanxi Joint Lab of Graphene, Institute of Photonics & Photon-Technology, Northwest University, Xi’an 710127, China)

Abstract: The optical property of the flashing hind wings of the Papilio maackii were measured by an
angle resolved spectrum system. A multilayer reflection structure model was established to explain the
mechanism of the structural color of the butterfly wings. The circular dichroism in the microstructure of
the hind wings of the butterflies was measured and the polarization properties were verified. Based on the
structural color, the sensing experiments of the refractive index of solutions by using butterfly wings were
designed and implemented. The results show that the spectra of butterfly wings redshift with the increase
of the refractive index of solutions. The research provides a technological platform for polarization and
sensing applications based on the microstructures in nature.
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Fig.1 Wings of Papilio maackii show brilliant green (a) and blue

(b) under normal illumination and grazing illumination,
respectively, (c) is the optical microscope (10 times
enlarged), (d)—(g) corresponds to the SEM diagram of the
Papilio maackii wing in (a), (d) SEM diagram of "1" in
(a), (e) a complete slice of butterfly scales, (f) scales

at 100 times magnetification, (g) the scales consist of

a concave convex surface and a ridge
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Fig.2 (a) Angle dependent reflection spectra of the butterflies
measured under natural light (range 0° to 65°),
(b) reflection spectrum of the Papilio maackii at

specific angles(15°-55°)
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Fig.3 Angle dependent reflectance spectrum of the Papilio
maackii (measured range 0°-65°), (a) Ry (b) R,

(¢) Ry, (d) Ry, under polarized light incidence
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