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Fig. 1. Artificial crystals: (a) Single crystal of K;BasLi,Al,
BgOqoF!; (b) crystal of NH,B,OGFP.
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Fig. 2. (a) From the nanoscale of protein molecules to the macroscopic scale of physiology, the hierarchical structure of bone has
significant characters of strong toughness and impact resistancel!; structures found on surfaces of plants and animals (b)—(e) and
biomimetic, particle-based microstructures (b’ )—(e' )P (b) the antireflective wings of a cicadald; (c) the superhydrophobic leaves of
tarol”; (d) lenses in the peripheral layer of the dorsal arm plate of a brittle starl¥; (e) the corneal nipple arrays of a peacock butter-
fly; (b") antireflective silicon cone arrays!'?; (¢’ ) superhydrophobic, raspberry-like arrangements!'; (d’) micro-lenses from calcium

carbonate (that show the magnified letter “A” here)l'?; (e’ )superhydrophilic, self-cleaning titania nanocolumns!'.
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Bl 3 M5 RR () IV R LW 080 B b (R g ok 25 4 (BIVAE 9 0%+ S AR ) 1 49 5 B B ST (scanning electron
microscopy, SEM) [l ; (b) FL4E 3 & K H 1 (6350 7 18 — 4 40 K 25 #4135 B B8 1 2 73B% (transmission electron microscopy, TEM) &l;
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Fig. 3. Structure color and photonic crystals: (a) The blue iridescence and SEM image of the 1D structure of the Morpho butterfly;
(b) multi-coloured peacock feather and TEM image of transverse cross section of the 2D structure of the blue area of a wing;
(c) wing of the male Sasakia Charonda butterfly and SEM image of the 3D structure of the white iridescent areal'¥; (d) schematic
drawings of the structures of 1D, 2D, and 3D photonic crystals!'.
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PR (P (o)) RS2 B A 1 2 g €, 1221

Fig. 4. Artificial structure color: (a) SEM images of binary opal films formed by large 850 nm silica spheres packed in interstices®!);
(b) SEM images of binary opal films formed by small 150 nm polystyrene latex spheres packed in interstices?; (c) SEM image of
two-dimensional colloidal crystal formed by silica microspheres; (d) wafer-scale colloidal crystal film shown in figure (c)?2.
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Fig. 5. Active structure: (a) Reversible color change is shown for the leopard chameleon exposed to external stimuli (white arrow)
through adjustments of micro-nano structures on skin surface; (b) TEM images of guanine nanocrystals in S-iridophores in the ex-
cited state and three-dimensional model of an FCC (face-centered cubic) lattice (shown in two orientations). Scale bar: 20 pm/*¥;

(c) cell membrane is a double-layer membrane structure composed of phospholipid molecules, which is highly deformable and

adaptablel?),
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Fig. 6. Non-equilibrium self-organizations in nature: (a) The
formation of Bernard convection pattern®’; (b) cytoske-
letonl?™..
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Fig. 7. Collective motions in natural and colloidal systems: (a) Schooling of fishes; (b) flocking of birds®?; (c) swimming bacillus
subtilis bacterial®l; (d) a roller vortex with circular restricted boundary. The blue vectors represent instantaneous speed of the

rollers*’); (e) directed collective motion of colloidal rollers. The blue arrows represent the instantaneous particle velocities”.

2 1 ;

K8 ARSI RT SIS (a) B EEMS T, RIS R 23 IR 45 5% (b) WL TR 7 B 28308 i 1k
fa A (o) RHMTGIE , b MRV A% B2 (d) 328 B35 T, Janus B 16 A 5] RL ¥ BE 55 44 I8 iR 38 45 5% (56 Veem ! at 40 kHz);
(e) 3B ML, Janus AL T 7EA AR 53 BE A0 TR A 8 250555 (27 Veem ! at 40 kHz)d

Fig. 8. Dynamic self-assembly in the colloidal systems: (a) Self-assembled multi-segment snake-like structures generated by a vertical
alternating magnetic field. The size of the segments is determined by the magnetic field frequency®™; (b) living crystals assembled
from a homogeneous distribution under illumination by blue light; (c) living crystals melt by thermal diffusion when light is extin-
guishedP?; (d) optical micrographs of staggered chains (56 V-cm™' at 40 kHz) of Janus particles in an alternating-electric field®;
(e) optical micrographs of concentrated staggered chains (27 V-cm ' at 40 kHz) of Janus particles in an alternating-electric field™.
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Fig. 9. (a)—(h) Spot diagrams of vibration granular surface forms: Experiment and simulation results (I"is acceleration and f* is

frequency) .
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Control of self-organization: From equilibrium
to non-equilibrium’

Shi Yan  Zhang Tian-Huif

(Center for Soft Condensed Matter Physics and Interdisciplinary Research, School of Physical Science and

Technology, Soochow University, Suzhou 215006, China)
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Abstract

Self-organization represents a ubiquitous transition from disorder to order. It plays a critical role in forming
crystalline materials and functional structures in biology. Functional structures are generally hybrid on a
multiple scale in which nano-structures are often organized in a specific way such that they can perform
functions. There are two typical functional structures: static equilibrium structures and dynamic non-
equilibrium structures. In this review, recent advances in understanding and mimicking functional structures are
summarized. Although great advances have been achieved, it is still a big challenge to realize dynamic non-
equilibrium structures. In this case, we suggest that the controlling of self-organization in active systems may be

a route toward interactive and adaptive structures.
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