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Fast-responsive photonic crystal ( PC) particles for micro-analysis: (a) Schematic diagram of the

preparation of bifunctional magnetic PC particles ( Reprinted with permission from Ref. [ 26 ] ; Copyright Nature

Publishing Group ), (b)) Scheme for the manipulating and reaction monitoring of magnetic porous PC Si

microparticles surrounding aqueous droplets and relevant reflectivity spectra ( Reprinted with permission from

Ref. [ 27 ] ; Copyright 2006 American Chemical Society)
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Fig. 2 1D organic/ inorganic hybrid PCs with controllable thickness and speeded response: (a) Cross-sectional

and (b) top-viewed SEM images of the 1D PCs;Insert is the optical photo of the same film; (¢) Optical properties

of the 1DPCs with response time; (d) Relationship between the position of the stop band with response time ( the
total number of layers is ten) ( Reprinted with permission from Ref. [ 37 ] ; Copyright WILEY-VCH VERLAG

GMBH & CO. KGAA)
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Fig. 3 (a) Cartoon image of a microgel etalon with thin overlayer, demonstrating a fast response process; (b)
Deswelling curves for the PC microgels with different overlayer thicknesses:5 nm (— + -—),10 nm (——),15
nm (+-+),20 nm (solid) ,25 nm (— + —) and 35 nm (— - —) (The percentage shift of the high wavelength

peak is plotted as a function of time) ; (c¢) Time required for the PC microgels of various overlayer thicknesses

( The response time decreases with the thickness increasing) ( Reprinted with permission from Ref. [41 ] ; Copyright

2011 American Chemical Society)
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Fig. 4

(a) Photograph of a humidity responsive Hercules beetle ( The exoskeleton of the Hercules beetle changes

from khaki-green in a dry atmosphere to black in high humidity level. ) and the SEM image of the cuticle with
porous structure ( Reprinted with permission from Ref. [ 45 ] ; Copyright American Institute of Physics); (b)
Highly selective vapor response based on hierarchical photonic structures and demonstrated using Morpho

sulkowskyi iridescent scales ( Reprinted with permission from Ref. [46 ] ; Copyright Nature Publishing Group)
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Fig. 6 Speeding the response of PCs by hydrophobic modification: (a) Structure and shrinking

mechanisms for comb-type grafted PNIPAm gels undergoing temperature induced collapse ( Reprinted

with permission from Ref. [ 52 ];

Copyright Nature Publishing Group ) ;

(b) Schematic of the

hydrophobic polyrotaxane cross-linkers and their applications to the gels in DMSO ( Reprinted with

permission from Ref. [53

] ;Copyright 2010 American Chemical Society)
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Fig. 7 Improving response rate by copolymerizing hydrophobic monomer in hydrogel: (a) Response
kinetics of PCCA glucose sensor containing various amounts of n-hexyl acrylate; (b) Response kinetics of

hexyl acrylate PCCA glucose sensors upon exposure to multiple additions of a freshly prepared glucose.

(Reprinted with permission from Ref. [ 54 ] ; Copyright 2006 American Chemical Society)
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(a) Mechanism of invisible photonic printing utilizing NaOH crosslinking to decrease the

swelling speed in the reacted region; (b) Schematic diagrams of invisible prints prepared by NaOH

crosslinking method ( Pattern emerges when the sample is soaked in water)
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Fig. 9 Response mechanism for non-swelling PC systems: (a) Patterning of multiple structure colors with a single material

by the sequential steps of ‘tuning and fixing’ under varying magnetic field ( Reprinted with permission from Ref. [59];

Copyright Nature Publishing Group) ; (b) Reflection spectra of an inverse opal film (left line) and that infiltrated by the

liquid crystals (right line) with subsequent irradiation with UV light ( middle line) (The inset illustrates the orientation of

the liquid crystals at each state) ( Reprinted with permission from Ref. [ 63 ] ; Copyright 2005 American Chemical Society) ;

(c¢) SEM images taken at gradually increasing compression, showing the decrease in lattice spacing ( Reprinted with

permission from Ref. [ 65] ; Copyright Nature Publishing Group)
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RESEARCH PROGRESS OF FAST-RESPONSIVE
POLYMER PHOTONIC CRYSTALS

Li-bin Wang, Jing-xia Wang, Yan-lin Song

( The Laboratory of New Materials, Institute of Chemistry, Chinese Academy of Science, Beijing 100190)

Abstract Responsive colloidal photonic crystals (PCs) are of great importance for the extended applications
in the fields of chemical sensing, smart display and so on, owing to the visible structure color/optic signal
change to exterior stimuli. This paper presented the research progress about the improvement of the response
rate of swell-responsive polymer PCs,which covered the responsive mechanism and critical influencing factors,
including dimension of PC hydrogel, physical structure/chemical properties of polymer chains and crosslinking
degree of gel network. In addition, response rate of non-swollen PCs with other response types, such as
magnetic, electric, optical or mechanical response were also involved. Understanding the performance of these
PCs will be helpful for the development of novel and advanced responsive systems.

Keywords Photonic crystals, Responsiveness, Response rate, Hydrogel swelling



