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oxidizing/reducing, ferromagnetic/anti-
ferromagnetic, and so on, this paper only
demonstrates the feasibility of our strategy
using the concept of hydrophobicity/ hydro-
philicity.

The selection of different principles
when designing a material, that is follow-
ing different routes during the design
process, will create different materials.
Hence, the four routes depicted in Figure
1 lead to different types of bio-inspired
materials. The following sections will
discuss each principle (Section 2) and
review selected examples and routes of
design processes (Section 3).

2.1. Unique Properties in Biological
Systems

Selecting unique properties in biologi-
cal systems and using them as bio-
inspiration is the first step in learning
from nature. Many scientific questions can
be deduced from nature’s smart responses
to external factors. In general, biological
systems are organic-inorganic hybrid
composite materials which respond to
external stimuli, e.g., smell, vision, hearing
are responses to scent,[31] light,[32] and
sound,[33] respectively, but these biologi-
cal response systems are too complicated
to be imitated directly. However, recently
some less complex, but nonetheless spe-
cial features in biology received intense
attention (Fig. 2), such as, the self-
cleaning effect of lotus leaves and duck
feathers,[34,35] the non-fogging, super-
hydrophobic compound eyes of mosqui-
toes,[36] the locomotion of geckos and
octopuses via highly adhesive feet and
suckers,[37,38] the non-wetting phenom-
enon of water striders walking on water,[39] the color of
peacock feathers, butterfly wings, and beetle shells which is
caused by a periodic microstructure,[40–42] the special nanos-
tructures causing anti-reflectivity in cicada’s wings and moth’s
compound eyes,[43,44] and lastly the special photonic reflectivity
of sponge spurs due to their unique microstructure.[45] All
these features are suitable for bio-inspiration.

2.2. Correlation between Multiscale Structure and Property

Interestingly, many unique properties are related to special
micro- and nanostructures (second and third row in Fig. 2) and
understanding the correlation between the unique properties

of a biological system and its micro- and nanometer-scale
structure is critical for the fabrication of novel materials.

In the case of the ‘‘lotus effect’’, the phenomenon of
superhydrophobicity observed in lotus leaves and duck
feathers,[34,35] the original hypothesis was that both high
contact angle (superhydrophobicity) and low sliding angle (low
adhesion) were a result of surface roughness caused by
micrometer-scale papillae and epicuticular wax. More recently
however, the discovery of novel micro- and nanometer-scale
hierarchical structures on the surfaces of lotus leaves, i.e.,
branch-like nanostructures on top of the micropapillae, let to
the proposal that these hierarchical structures might be
the reason for the unique properties observed. The combination
of special structure and corresponding chemical composition

F. Xia, L. Jiang / Bio-Inspired, Smart, Multiscale Interfacial Materials

Figure 2. Multiscale structure in biology. Four types of interesting biological properties can be found
in nature: a) self-cleaning properties: lotus leaf, duck feather, and mosquitos eye (from left to right),
b) mechanical properties: gecko feet, octopus suckers, and water strider, c) color through structure:
peacock feather, butterfly wings, and beetle shells, and d) optical properties: cicada wings, moth
compound eyes, and sponge spur. In each case the first row shows a photograph of the biological
feature, while the second and third row show scanning electron microscopy (SEM) images of
corresponding micro- and nanometer-scale structures.
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composite materials which respond to
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are responses to scent,[31] light,[32] and
sound,[33] respectively, but these biologi-
cal response systems are too complicated
to be imitated directly. However, recently
some less complex, but nonetheless spe-
cial features in biology received intense
attention (Fig. 2), such as, the self-
cleaning effect of lotus leaves and duck
feathers,[34,35] the non-fogging, super-
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toes,[36] the locomotion of geckos and
octopuses via highly adhesive feet and
suckers,[37,38] the non-wetting phenom-
enon of water striders walking on water,[39] the color of
peacock feathers, butterfly wings, and beetle shells which is
caused by a periodic microstructure,[40–42] the special nanos-
tructures causing anti-reflectivity in cicada’s wings and moth’s
compound eyes,[43,44] and lastly the special photonic reflectivity
of sponge spurs due to their unique microstructure.[45] All
these features are suitable for bio-inspiration.

2.2. Correlation between Multiscale Structure and Property

Interestingly, many unique properties are related to special
micro- and nanostructures (second and third row in Fig. 2) and
understanding the correlation between the unique properties

of a biological system and its micro- and nanometer-scale
structure is critical for the fabrication of novel materials.

In the case of the ‘‘lotus effect’’, the phenomenon of
superhydrophobicity observed in lotus leaves and duck
feathers,[34,35] the original hypothesis was that both high
contact angle (superhydrophobicity) and low sliding angle (low
adhesion) were a result of surface roughness caused by
micrometer-scale papillae and epicuticular wax. More recently
however, the discovery of novel micro- and nanometer-scale
hierarchical structures on the surfaces of lotus leaves, i.e.,
branch-like nanostructures on top of the micropapillae, let to
the proposal that these hierarchical structures might be
the reason for the unique properties observed. The combination
of special structure and corresponding chemical composition
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Figure 2. Multiscale structure in biology. Four types of interesting biological properties can be found
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