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Top 20 research fronts in materials science, 2006-2010, ranked by total citations, from Essential Science Indicators database, 2006-
2010. These were selected from 438 research fronts in materials science, which represent 6.6% of the 6,641 research fronts in all fields

of the sciences and social sciences.

m Field description within materials sdence

Core Citations | Citation Average
papers impact year of core

1 Electronic properties of graphene 9,524 1587.3 2005
_2_ -P;hrmer solar cells — 'IS 6 656 443 7 | _20(;? =
3 Multiferroic and magnetoelectric materials AN 6,509 210.0 | 2006
4 Titanium dioxide nanotube arrays in dye-sensitized solar cells 47 5,645 120 | 2007
s ATRP and click chemistry in polymer synthesis 34 5129 150.85 | 2006
6 Graphene oxide sheets 16 4,815 3009 | 2007
7 Superhydrophobic surfaces 47 4,732 100.7 2007
8 High-Tc ferromagnetism in zinc oxide diluted magnetic 48 4,667 97.2 | 2006
semiconductors |
9 Highly selective fluorescent chemosensors 46 4,581 996 | 2007
10 Electrospun nanofibrous scaffolds for tissue engineering 45 4577 1017 I 2006

1 HBUKSIR TTZKE  (a) 78 ISI web of science HFHAFHFEIGER I K THBEK K SCERACE; (b) HBT/KR 2
TR AR ER E H 2006—2010 4ERT 20 ArAT R ATV P HEA 5 7(R B 10 i) D
Fig. 1. Superhydrophobicity attracts interest in diverse fields: (a) Number of papers indexed in the ISI web

of science by the topic of “superhydrophobic”; (b) “superhydrophobic surfaces” were ranked 7 th in top 20

research fronts in materials science during 2006-2010 from Essential Science indicators [1].
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Fig. 2. The system of “superwettability”. The middle part: Hydrophilicity (HL), oleophilicity (OL), hy-
drophobicity (HB) and oleophobicity (OB) upon flat substrates in air. Superhydrophilicity (SHL), super-
oleophilicity (SOL), superhydrophobicity (SHB) and superoleophobicity (SOB) states can be generated in
air via introducing micro/nanoscale two-tier roughness. Left blue circle: underwater superoleophobicity
(UWSOB), superoleophilicity (UWSOL), superaerophobicity (UWSAB) and superaerophilicity (UWSAL)
upon roughsubstrates; right orange circle: under-oil superhydrophobicity (UOSHB), superhydrophilicity
(UOSHL), superoleophobicity (UWSOB) and superoleophilicity (UWSOL) upon rough substrates [14].
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Fig. 3. The schematic diagram of (a) Contact angle; (b) Wenzel state; (c) Cassie state.
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(b) Rice leaf and butterfly wing

(d) Mosquito eye

(e) Water strider

(f) Fish scale

(c) Rose petal and gecko foot

L7

(g) Nepenthes alata (h) Water spider
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PRI E R NZIX B0 (h) K FBEARAK Ek

Fig. 4. Biological surfaces with superwettability: (a) Superhydrophobic lotus leaf[s]; (b) superhydrophobic rice

leaf and butterfly wing with anisotropic wettability (5.9 (c) superhydrophobic rose petal and gecko foot with high

adhensive [21:23]; (d) superhydrophobic and anti-fogging mosquito compound eyes (241, (e) robust superhydrophobic

water strider legs [27]; (f) underwater superoleophobic fish scales [101; (g) peristome surface of Nepenthes alata which

can transport water continuously and directly [301; (h) underwater superaerophilic water spider.
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Fig. 5. Artificial surfaces with anisotropic wettability: (a) An anisotropic nano film with unidirtectional

wetting properties [18]; (b) unidirectional liquid spreading on hydrophilic asymmetric surfaces (197, (c) the

filefish-inspired material with anicotropic underwater oleophobicity
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Fig. 6. Surfaces with different nano structure exhibited different adhensive property (221, (a) High adhensive

surface with low density of nano structure; (b) low adhensive surface with high density of nano structure.
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Fig. 7. Superhydrophobic aligned polystyrene nanotube films with high adhensive force [23]: (a), (b), (c) Mi-

cro/nano structure of film; (d), (e), (f) droplet was captured by surface in different angle of inclination.
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Fig. 8. Fly-eye inspired surface (2°]: (a) The Micro/nano structure of fly eye; (b) structure of artificial fly-eye

inspired surface; (c) the surface exhibited extremely high contact angle and low sliding angle; (d) bio-inspired

surface could delay fogging condensing.
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Fig. 9. Water striders and robotic insects (28], (a) Jumping sequence of a water strider in side view and

(a) K mBBEERS M IEE; (b) ARBRCHIK LIS ARUKER; (c) /KNS

front view; (b) two robotic insects with different leg lengths; (c) superimposed frames of robot jumping on

water and rigid ground; (d) jumping sequence of a robotic insect in side view and (e) front view.
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Fig. 10. Underwater superoleophoblc surfaces: (a) Underwater superoleophobic surface showed low adhensive force

to oil droplet (101, (b) superoleophobic materials could manipulate oil droplets arbitrarily in water (291,
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Fig. 11. Water transport on the peristome surface of Nepenthes alata [30]: (a) Droplet could be directionally

transported from the inner side to the outer side; (b) surface features of the peristome; (c) illustration of

the water-transport process.

(a) Original sponge --—_—_Modiﬁed s[HinEe (b) - T T T
33 Original
A AR | [ ] i |

Sponge
pong Methane bubble Water

Modified
sponge Meth
Bubble = b:hb.l:& B = Water
n n n

12 KFEEERES B (a) WiBEAMIEMHIT SR TSR (b) R RENEE AR T A G
(c) HESESIGHR T LATE 2.6 ms NIRE R I

Fig. 12. Underwater superacrophilic sponge [32]: (a) Optical photograph of original /modified sponges; (b) the
bubble pined itself to the original sponge surface; (c) the bubble could be absorbed on superaerophilic sponge

surface within 2.6 ms.
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Fig. 13. Biological fibers with superwettability: (a) Spider silk 33]; (b) cactus [*0); (c) chinese brush [4];

(d) dandelion 48],
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Fig. 14. Applications of spindle-knotted fibers: (a) Methods of spindle-knotted fibers fabrication [34:3%]; (b) long distance

transport on an increasing-size spindle-knotted fiber [‘37], (c) photo-responsive directional droplet movement
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Fig. 15. Applications of bioinspired cones: (a) Efficient fog collection by copper cones with gradient wet-

tability [41]; (b) cactus-inspired continuous fog collector (421, (¢) underwater cactus-inspired directional oil

collector [43]; (d) bubbles transportation process on copper cones with different wettabilities [
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Fig. 17. Applications of bioinspired superwettable materials: self-cleaning, anti-corrosion, anti-fogging, oil-

water separation, anti-icing, chemical reaction, printing and cancer cell capture.
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Abstract

Nature always supplies inspirations to scientists and engineers. Many newfangled materials have been fabricated
by learning from and mimicking nature. In daily life and industrial processes these bioinspired novel materials have
been widely used. The special wettability of natural organisms is significant to their life and attractive to researchers,
which inspires us to fabricate the functional interfacial materials with high performances. In the last decade, the
bioinspired multiscale interfacial materials exhibiting superwettability have emerged as a new type of functional material.
Superwettable materials offer great chances to solve numerous issues ranging from fundamental research to practical
exploration, and from bionic philosophy to fabricating technology. Inspired by nature’s example, researchers developed
a series of scientific strategies of new materials and fabricating methods, technologies, and applications. Based on the
requirement of developing advanced materials in the fields of energy, environment, healthcare and resource, superwettable
materials possessing binary cooperative nanostructure have been widely investigated to solve scientific and technical
problems. In this review, we firstly present the development history of bioinspired multiscale interfacial materials with
superwettability and the theoretical basis of the wettability of solid surfaces. Secondly, the principles of superwettable
functional surfaces in nature is revealed and the bionic designs of bioinspired materials are discussed in detail. Meanwhile
the typical applications of superwettable materials such as self-cleaning, oil-water separation and green printing are
introduced. Finally, the perspectives of the future development of bioinspired superwettable materials are proposed for

further studying the superwettable materials.
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