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Progress in the Preparation and Application of Bio-Inspired
Materials from Low to High Dimensional Structure
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ZHAO Ning, ZHANG Xiaoli, XU Jian
( Laboratory of Polymer Physics and Chemistry, Institute of Chemistry, CAS, Beijing 100190, China)

Abstract: As a result of evolution for billions of years, biomaterials have possessed various amazing properties. General-
ly, biomaterials are assembled with limited supply of constitutes available to living organism under mild conditions, the
surprising properties are largely due to the sophisticated hierarchical structures, for example, the mussel adhesive protein
with catechol unit possesses strong and universal adhesion, the spider silks with bead-in-string structure have superior me-
chanical property and water-collection ability, the hollow polar bear hairs have the ability of thermal insulation, the wings
of butterfly with ordered micro-and nanostructure exhibit beautiful colors and the foam - like peal of pummel with a gradient
structure makes it impact resistance. Preparing manmade materials by following the design principles of nature has drawn
great attention in materials science and engineering field. In the past decades, a large number of papers in this field have
been published. In this review, the recent progress in the preparation of bio-inspired materials mimicking the structures of
natural prototypes is summarized. Typical examples which are mentioned above from low to high dimensions are described
with emphasis on the relationship between the structure and corresponding functions.
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(i)NHS,DCC,dimethoxyethane;(ii)CHCI,;:MeOH=1:1;

(iii)H,,Pd/C;(iv)hexane,CHCI,,MeOH
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Fig. 1  Synthesis procedure of porphyrin modified Fe;0,
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Fig. 2 Synthesis procedure of water-dispersible nanoparticles
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(d) reflection colors of the elastomeric opal film under strains up to 90% ()
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Fig. 6 (a) the section of pomelo peel in radial direction, (b)
SEM image of the pomelo peels showing the foam-like struc-
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ture’®") ) (¢) metal foams inspired by the hierarchical

structures of pomelo peel: long fiber reinforced open pore
metallic foam ( left, white arrows: fiber bundle ), and
sponge strut with secondary porosity and two different mate-
rials ( right, Bis; Sny; outer and AlSi;Mg inner materi-
al) (%) (d) structure of the entire Euplectella sp. skele-
ton, showing cylindrical glass cage, (e) magnification of
the partial cage structure showing the square-grid lattice of

vertical and horizontal struts with diagonal elements arranged

in a chessboard manner! ¢
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