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Fig. 1 (a) Scanning electron microscope (SEM) image of the compound eye of the nymphalid butterfly; (b) Detail, showing the local

arrangement of domains with highly ordered nipple arrays in compound eye of the nymphalid butterfly. ( Reproduced with permission from

Ref. [ 1] ; Copyright 2006, The Royal Society) ; (¢) Butterfly Morpho didius; (d) Longitudinal SEM view of a fractured photonic structure in

butterfly Morpho( Reproduced with permission from Ref. [ 7] ; Copyright 2007 , Nature Publishing Group)
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Fig. 2 (a) Silicon pillars after 50 min reactive ion etching (RIE) ; (b) Photograph of a 0. 16 c¢m silicon wafer with the right half covered
by subwavelength pillars and the left half unetched ( Reproduced with permission from Ref. [ 33 ] ; Copyright 2008 , Wiley-VCH) ; (¢) Cross-

sectional view SEM image of the hollow-tip arrays; (d) Comparison of the specular reflectance as a function of wavelength for a planar silicon

wafer (black solid line) and hollow-tip arrays of 2. 1 pm (grey dash line) ;3.4 pm (black dash dot line) and 7.1 pm (grey solid line) in

length in the UV-Vis-NIR wavelength region ( Reproduced with permission from Ref. [ 34 ] ; Copyright 2009 , Royal Society of Chemistry )
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Fig. 3 (a) Schematic of the fabrication process; (b) Side-view image of the pillar array, tilt angle of 45°. The pillars have a diameter of

(60 £4) nm and a lateral spacing of (110 + 7 ) nm ( center to center) , respectively; ( ¢) Wavelength-dependent transmission of an

antireflective structured fused silica sample (top line) compared to a reference (bottom line) ( Reproduced with permission from Ref. [35];

Copyright 2008 , American Chemical Society) ; (d) Schematic illustration of the process for preparing antireflective surfaces (ARS) ; (e) Tilt

view SEM images of the ARS surfaces; (f) Comparison of the photographs of planar silica substrate with double-sided ARS surfaces (top) ;

Comparison of the planconvex lens with double-sided ARS lens ( bottom ). More intense light reflection is seen from the unstructured lens on the

left compared to the structured one on the right( Reproduced with permission from Ref. [ 36 ] ; Copyright 2009 , Wiley-VCH )
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(a) High-resolution SEM images of a mesoporous Bragg stack (MBS) composed of six alternating composition

layers of meso-TiO, and meso-SiO, , the inset is a magnified image; (b) Reflectance spectra of the four layer MBS4

deposited on a Si wafer in air and ethanol; (c¢) The photograph of four-layer MBS4 in air (left) and in ethanol (right) ;

(Reproduced with permission from Ref. [ 53 ] ; Copyright 2006, American Chemical Society) ; (d) Cross-sectional SEM

images of one-dimensional photonic crystals(1DPCs) with ten layers;the inset is a magnified image; (e) Sensitivity of the

1DPCs towards water vapor; () Color variation of the 1DPCs with water-vapor concentration( Reproduced with permission

from Ref. [ 54 ] ; Copyright 2010, Wiley-VCH)
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Fig. 5 (a) Fabrication of a two-dimensional (2-D) photonic crystal for sensing application; (b) High-resolution SEM image of the

2-D polystyrene (PS) array on the poly(acrylamide-co-acrylic acid) (PAAm-AAc) hydrogel; (c¢) pH dependence of the diffraction

wavelength of the 2-D array/PAAm-AAc hydrogel sensors after equilibration in pH buffer solutions containing 150 mmol/L, NaCl, the

inset shows optical photograph of the 2-D PS array/hydrogel-diffracted colors at pH 3.2 and 7.2 ( Reproduced with permission from

Ref. [57] ; Copyright 2011, American Chemical Society) ; (d) The procedure used to fabricate composite nanopost arrays and the

resulting water-vapor sensing processes; (e) SEM images of the composite nanopost arrays after grafting PHEMA with thicknesses of

8.5 nm; (f) The specular reflection spectra of the composite nanopost arrays with an 8.5 nm PHEMA shell after exposure to water

vapor of various concentrations. The concentration of water vapor in air is 0.43% ( Reproduced with permission from Ref. [ 58 ];

Copyright 2011, Wiley-VCH)
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Fig. 6 (a) Polymerized colloidal crystal array photonic crystal sensing materials consist of an embedded colloidal crystal

array surrounded by a polymer hydrogel network that contains a molecular recognition element. the spectra on the right, a

diffracted wavelength redshift results from hydrogel volume swelling induced by interaction of the analyte with the molecular

recognition element; (b) Pictorial representation of use of glucose-sensing material to determine glucose concentration in

tear fluid( Reproduced with permission from Ref. [ 59 ] ; Copyright 2004 , American Association for Clinical Chemistry)
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Fig. 7 (a) High-magnification SEM image of the surface of a big bead, showing the hexagonal alignment of pores, the inset is ITmage of a

small bead,showing the porous bead surface; (b) 3D image of the seven kinds of inverse-opaline photonic beads in water; (c) The

relationship between Human CA19-9 concentrations and reflection-peak shifts. The inserted schematic diagram shows the probe immobilization

and antigen binding; (d) Reflection spectra (left) and bright-field microscopy images (right) of three inverse-opaline photonic beads. The

three different color beads were immobilized with Anti-human CA125 antibody (top), Anti-human CA19-9 antibody ( middle) ,and Anti-

human CEA antibody ( bottom ) ,respectively. The dashed lines are the spectra of the beads after probe immobilization, and the solid lines are

the results after multiplex detection of tumor markers( Reproduced with permission from Ref. [ 60 ] ; Copyright 2009 , Wiley-VCH )
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POLYMER BIOMIMETIC ORDERED MICROSTRUCTURES AND
ITS REFLECTIVE AND RESPONSIVE PROPERTIES

Li-ping Fang, Bai Yang

( State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry, Jilin University, Changchun 130012)

Abstract Polymer biomimetic ordered microstructures which possess antireflective or responsive properties
are mainly presented in this paper, and their recent reports on biomimetic design, structure fabrication and
performance studies are reviewed meanwhile. Finally we outlook the developmental trend of these ordered
microstructures , problems and challenges they faced for future applications.
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