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Fig. 1 (a) A water droplet on a louts leaf surface!>’ ( Copyright 2004 American Chemical Society ; Reproduced with permission) ;

(b) A water droplet on a hydrophilic surface and (¢) a water droplet on a hydrophobic surface
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Fig. 2 (a) Advancing contact angle, (b) receding contact angle and (c¢) a water droplet on a sliding surface
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Fig. 3 Effect of roughness on the hydrophobicity of solid

surface; (a) wenzel model and (b) Cassie-Baxter model
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Fig. 4 Photograph of water drops on a wettability gradient

surface'®®! ( Copyright 2003 American Chemical Society;

Reproduced with permission)
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Fig. 5 The gradient was generated by the gradual contact
printing of OTS using a hemispherical stamp having a radius
of curvature of 20 mm'®! ( Copyright 2003 American

Chemical Society ; Reproduced with permission)
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Fig. 6 (a) Dry thickness of PHEMA in a MW-r orthogonal PHEMA gradient (scale in nm) ,(b) Dry FN thickness in a MW-r orthogonal

PHEMA/FN gradient ( scale in nm) , the scales depicting the position on the substrate in parts!’?) ( Copyright 2005 Wiley-VCH Verlag GmbH
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Fig. 7 Schematic representation of the switching behavior
of mixed PE brushes upon change of pH: (a) low pH and
(b) high pH'™) ( Copyright 2004 American Chemical

Society ; Reproduced with permission)
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Fig. 8 (a) Gradient copper nanowires' ") ( Copyright 2003 American Chemical Society; Reproduced

with permission) ; (b) Gradient polystyrene morphology!”’ ( Copyright 2005 American Chemical Society;

Reproduced with permission) ; (¢) Gradient polymer patterns'®! ( Copyright 2006 American Chemical

Society ; Reproduced with permission ) ; (d) Wettabilty on PTFE films with different fibrous crystal

density*”’ ( Copyright 2004 Wiley-VCH Verlag GmbH & Co. KGaA ; Reproduced with permission)
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Fig. 9  Preparation of gradient wettability surfaces by the diffusion technique: (a) diffusion and

deposition of palladium metal, (b) diffusion and self-assembly of silane molecules on a silicon wafer (in

air) 309193 ( Copyright 1997 Elsevier; Reproduced with permission Ref. [93])
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Preparation of gradient wettability surfaces with multi-compositions by the advanced liquids

(a) Gradient wettability surfaces with two different compositions!®>! ( Copyright 1995 American Chemical

Society ; Reproduced with permission ) ; ( b ) Gradient wettability surfaces with four different

compositions'**! ( Copyright 2005 American Chemical Society ; Reproduced with permission )
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Fig. 12 Preparation of gradient wettability surfaces by the discharge technique

(a) Radio frequency plasma discharge; (b) Corona discharge ( Copyright 1997 Elsevier; Reproduced with permission'**))
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Fig. 13 Preparation of gradient wettability surfaces by the micro-contact printing technique!®®) ( Copyright 2003 American

Chemical Society ; Reproduced with permission)
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Fig. 14 FESEM images of the Teflon tape at different extension ratios: (a) ¢ =5% ,(b) £=35% ,(c¢) £=90% ,(d) &£ =140% and (e)

£=190% . Errors <5% %71 ( Copyright 2004 Wiley-VCH Verlag GmbH & Co. KGaA ; Reproduced with permission)
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Fig. 15 Preparation of gradient wettability surfaces by the stretch and release technique'®®! ( Copyright

2005 Wiley-VCH Verlag GmbH & Co. KGaA ; Reproduced with permission)
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Fig. 16 Preparation of gradient colloid crystals by the meniscus

[115

technique! ') . () magnification view in the middle of colloid

crystal, (b) overview of the colloid crystal, (c¢) magnification
view of the colloid crystal’ s left part, (d) magnification view of
the colloid crystal’ s right part and (e) schematic of the colloid
crystal (Copyright 2004 American Chemical Society ; Reproduced

with permission)
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Fig. 17  Preparation of gradient wettability surfaces by a gradient
temperature field''?°! ( Copyright 2005 Wiley-VCH Verlag GmbH &
Co. KGaA ;Reproduced with permission)
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Fig. 18 Water droplet self-running uphill (inclined at an angle
of 25° with respect to the horizon ) '?!) ( Copyright 2007

American Chemical Society ; Reproduced with permission)
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Fig. 19 Schematic illustration of the preparation process of an orthogonal gradient polystyrene surface'*! ( Copyright 2008

American Chemical Society ; Reproduced with permission)
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Fig. 20

Fluorescence microscopy ( 10x) images of fluorescently labeled MC3T3-El cells cultured on the

PHEMA/FN gradient substrates. Images were taken at positions on the sample marked with the numbers in the top

panel of the Figure. The error bars associated with the thickness and nitrogen content measurements are smaller

than the symbols size! ™ ( Copyright 2005 Wiley-VCH Verlag GmbH & Co. KGaA ; Reproduced with permission )
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Fig. 21  Micrograph of albino 3T3 fibroblasts on patterned SAMs on gradient gold film

The angle of gold deposition is shown above the micrograph;the number of days of cell culture is

indicated on the left. ['?°

! ( Copyright 2007 American Chemical Society ; Reproduced with permission)
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Fig. 22 (a) Droplet on gradient surface; (b) Driving forces at both ends of the drop on a gradient surface
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Fig. 23  Reversible and oriented motion of water droplets on the dual-parallel-channel shape gradient

surface with four pools!'??) ( Copyright 2010 American Chemical Society ; Reproduced with permission)



10 #1 K 20K S5 < 3R A L 3 TR AT 5 5 1 1077

T, B 7K T (1 352 K P 215 50 19 1 2 v, L 2 )
A R S K T, PRI 0k 5 e A S 4 o 1k XU
TR TLART B B 2 T 1T S B0 K S T 30 1) R it
([ 23)

YA 1 B % 2 A T LM BT [ AR R B
A B T 4 BLARCRE , BRI 0 EL AT AR 8 1 17 TV .
FE AT 9540 A B 3 3 T T S BRI 1
B — 1 A, 7 R PSS R MO R R %, DL
B A B AT T T 0 9 L .

£ 2001 4F, Chaudhury 257" Fil H 3% AT LA
T T2 VB B 2 AT 1 i 6 K — e A o 9 T T
JiE 2 T 51 A KRS s b (18] 24) . % T3 3 Bk
P B, B T IR XK S S B AL,
TV WK 0 B 25 7 B S B L, B — 2 AR
PRI I 1 75 T 5 4 20 3 R R AR MU T 5 5 0 1
JEF G A KIS Hegs b i T B Wk B ik
TIRE BRI S AE K ZE SR F AR
A% 160 1K 10— S, B 1k T 2 Bk BB A H B
6875 5 00 K R 4

Sight glass Steam vent

|

Saturated
steam in _J_
—
Thermocouples ICondensing surface
[TC]
gl i T
| I

Condensate out

Teflon insert

[\\

[t I Cooling water out

Cooling water in

Fig. 24 Schematics of a heat exchanger!'¥”! ( Copyright 2001
American Association for the Advancement of Science;

Reproduced with permission)
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Fig. 25 The resulting gradient of the three

different fluorophores just before the exit into the
open volume!'*®) (' Copyright 2005 American

Chemical Society ; Reproduced with permission)
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with tuning sensitivity! ') ( Copyright 2010 American

Chemical Society ; Reproduced with permission)
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RESEARCH AND APPLICATION OF WETTABILITY GRADIENT SURFACES

Ji-lin Zhang2 , Yan-chun Han'
(' State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry
Chinese Academy of Sciences, Graduate School of the Chinese Academy of Sciences, Changchun 130022)
(? University of Minnesota, Twin Cities Campus, St Paul, MN, 55108)

Abstract  Wettability gradient surfaces are specific gradients on which surface wettability continuously
changes with surface position variation. In the past 20 years, due to the wide applications in smart coatings,
microfluidic devices and liquid self-transportations, people investigated and prepared a lot of kinds wettability
gradient surfaces,which overall could be divided into three categories: (1) chemical-composition gradients,
(2) surface-morphology gradients and (3) topography/chemical composition gradients. This paper focuses on
the classification and distinction of these three categorized gradients, and also summarizes novel and mainly
techniques appeared recently in the preparation of wettability gradients, such as diffusion method, immersion
method , etching/printing, mechanical stretching method, meniscus template and the temperature gradient
method, etc. The advantages and disadvantages of these methods are also summarized. At present, although the
research of wettabilty gradients is still in infancy,however,the applications of these gradients in the research of
biological protein or cell adsorption,liquid transportation have developed into a mature discipline. At the end of
this paper,the recent research progresses of wettabilty gradient surfaces in the areas of biological protein, cell
adsorption, liquid self-transportation and the future development of this subject are reviewed.

Keywords Wettabilty, Gradient, Contact angle, Self-transportation, Cell adsorption



