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Fig. 1 Surface structures of fish scales and biomimic PAM hydrogel surface: (a) optical image of the fish scales, (b ~c¢) SEM images of fish

scales at low and high magnifications and (d) PAM hydrogel film with fish-scale structures ( The inserts are oil droplet on the surface

underwater and high magnification image. ) ( Reproduced from Ref. [ 18] ,with permission from Wiley-VCH)
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Fig. 2 (a~c) SEM images of the substrates and shapes of oil droplets taken at different stages during

normal adhesive force measurement process on different substrates: on the (a) smooth, (b)

microstructured and ( ¢) micro/nanostructured silicon substrates; Diagrams illustrating the effect of

surface structure on the wetting behaviors of solid substrates in oil/water/solid three-phase systems; A

liquid 1 droplet on (d) smooth surface, () microstructured surface and (f) micro/nanostructured

surface in a liquid 2 phase ( Reproduced from Ref. [ 18] ,with permission from Wiley-VCH)
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Fig. 3 Underwater superoleophobic surfaces inspired by lower
side of lotus leaf: (a) digital photographs of a floating lotus leaf
with water droplets on the upper side, (b) water droplets spheres
on its upper side and oil droplets as spheres in water on its lower
side, (¢) environment scanning electron microscope ( ESEM )
image of the lower side of lotus leaf, (d) schematic illustrations
of liquid droplets in contact with Janus interface of lotus leaf,
(e) the artificial Janus interface material with the same special
wettability as lotus leaf, (f) SEM image of the PDMS replica
with micro-/nanoscale hierarchical structure on the upper side of
the lotus leaf, (g) the epoxy resin replica with tabular and
slightly convex papillae on the lower side of the lotus leaf
(Reproduced from Ref. [ 19 ], with permission from the Royal

Society of Chemistry)
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Fig. 4  Structures of underwater superoleophobic surfaces from typical fabrication approaches: (a) PNIPAAm hydrogel with micro stage

arrays fabricated by templating method ( Reproduced from Ref. [ 26 ], with permission from the Royal Society of Chemistry), (b) PPy

nanotube arrays fabricated by electrochemical polymerization ( Reproduced from Ref. [ 28 ], with permission from the Royal Society of

Chemistry) , (¢) Films with nanoparticles arrays fabricated by self-assemble method ( Reproduced from Ref. [ 29 ], with permission from

Wiley-VCH) , (d) PNIPAAm grafted silicon nanowire arrays fabricated by surface-initiated atom transfer radical polymerization ( Reproduced

from Ref. [30],with permission from American Chemical Society)
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Fig. 5 (a) The real-time transition from superoleophobicity to superoleophilicity of the PPy nanotube arrays( The inset images are the shapes
of the oil drop at different oxidation stages) ; (b) Reversible wettability switched by applying negative and positive potentials ( Reproduced

from Ref. [28 ] ,with permission from the Royal Society of Chemistry)
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Fig. 6 The thermal-responsive adhesion between the surface of PNIPAAm hydrogel and oil droplets: (a) the oil droplet

can easily roll off the surface at 23°C , while firmly adheres on the surface at 40°C, (b) an n-hexane oil droplet could

spontaneously “fly away” from the surface when decreasing the environmental temperature from 40°C to 23°C , (c¢) adhesive

force measurements using oil droplets as detecting probes ( Reproduced from Ref. [ 26 |, with permission from the Royal

Society of Chemistry)
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Fig. 7 The smart control of an oil droplet motion on the
nanostrctured PPy surface by adjusting the electrochemical
potentials: (a) an oil droplet was parking on the surface by
adhesion, (b) the contact angle of oil droplet increased and
adhesion decreased when the PPy surface was reduced, (¢)
the oil droplet began to run, (d) the oil droplet braked and
adhered on the surface again, (e ~ g) the oil droplet came
back to the superoleophobic and low-adhesion state and
rolled down. ( Reproduced from Ref. [27 ], with permission

from American Chemical Society)
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Fig. 8 The process of miniature organic addition reaction by

the coalescence of oil droplets containing different reagents in
water; (a) a bromine tetrachloromethane droplet was carefully
placed on the superoleophobic plate, forming a dark yellow
spherical shape, ( b, ¢ ) another transparent styrene
tetrachloromethane droplet was picked up by a pair of
superoleophobic tweezers and dropped onto the yellow droplet,
(d) the two droplets slowly coalesced into a larger onel.
(Reproduced from Ref. [ 32 ], with permission from the Royal
Society of Chemistry)

W e 0 T B ) E S A R X 2 R
T B R phy T 2 A P TR TR A B B 9 Gt
T 52 W) 5 5 280 23 AR A 24 i, ik 60 A6 % 4 (]
W H#B A7 75 PR XE. Xue 45 DA R 28 A4 52 11 P8 o A9 AR
JRA T, LLRA R 2R K FLER K 1 BE B 7K BE I+
B IR, SR ADE 51 K 3R A B iy 5007 15 ) ) 5
TR AR R PR EE T FLAT 2R K R g Tk A
MK SBR[ 10(a) ~10(b)) ™. 245 B8 W T
PAAS 50RO A S KR & 9 vh 2 2 1ROk, A
i I Sl Al K R S P AR SE (B 10
(¢) ~10(d)). 7r B2 R ik 99% . 1873 85 i &
H T IR A8 7K R S it R X AT 286 R A £ T
FBEA B Wit 285 BT 019 2, DA T L7 3okt 0 A R A [
S TR] R 5 AT 3k T Y B R K BT 3l K gy B R
HHEA L G20 B 20 A k58 42 A R B 3R T



10 45 1O £E 4 PR K T MR B I K T 1099

o 2.5%10°

2.0x10°

1.5%10°

1.0x10°

Number of platelets(cm?)

5.0%10°

0.0
Si SINWA Si- SINWA-
PNIPAAm PNIPAAm

Fig. 9 (a) the number of adhered platelets on different surfaces( smooth silicon wafer, silicon nanowire array, PNIPAAm grafted
onto Si, PNIPAAm grafted onto SINWA) at 20°C and 37°C, (b ~i) ESEM images of adhered platelets on (b,f) Si,(c,g) SINWA,
(d,h) Si-PNIPAAm and (e,i) SINWA-PNIPAAm at 20°C and 37°C ,respectively ( Reproduced from Ref.30,with permission from

American Chemical Society)
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Fig. 10  Underwater superoleophobic hydrogel-coated mesh for oil/water separation: (a ~b) SEM images of the hydrogel coated mesh,
consisting of micro-scale porous substrates and nano-structured hydrogel coatings, (¢ ~d) the separation process of crude oil/water mixtures

by utilizing this hydrogel coated mesh ( Reproduced from Ref. [ 33 ], with permission from Wiley-VCH)
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BIOINSPIRED UNDERWATER SUPEROLEOPHOBIC SURFACES

Zhong-xin Xue, Lei Jiang
( Betjing National Laboratory for Molecular Sciences ( BNLMS) , Key Laboratory of Organic Solids,
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

Abstract Underwater superoleophobic surfaces are surfaces that display contact angle with oil droplets larger
than 150° in oil/water/solid three-phase system. In this review two typical biological surfaces which own
excellent superoleophobic property in water, the fish scales and lower side of lotus leaf were introduced. The
key factors influencing the underwater superoleophobicity were discussed and concluded. Based on this, a
design route of constructing underwater superoleophobic systems was raised. Then the fabrication approaches
and recent developments of underwater superoleophobic surfaces were introduced. The intelligent underwater
superoleophobic surfaces with stimuli-responsive wettability and oil adhesion were summed up briefly. The
applications of underwater superoleophobic surfaces,such as oil droplets manipulation , anti-bioadhesion and oil
water separation, were introduced. At the end of this review, the challenges and future developments of
underwater superoleophobic system were discussed.

Keywords Bioinspired, Underwater superoleophobicity, Superhydrophilic, Micro/nano hierarchically

structures



