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M
anipulating overflow separation at
solid edges is greatly needed for
both fundamental research and

technological applications in understand-
ing flow dynamics at the liquid�solid
interface. Controllable overflow separation
means separating liquid flows at a prede-
termined position and ejecting flows in an
intended direction. Although the ejecting
direction of liquid flow can be turned by
adjusting the position of nozzle opening,
liquid leakage and splash always occur
at the nozzle edge,1�4 which reduces the
liquid transfer efficiency and affects the
directional manipulation. Recent research
in interfacial science has shown that solid
surfaces can be designed with special wet-
ting properties to separate water drops or
low speed fluids from a solid surface.5�8 In
particular, progress has beenmade for both
filament breakup on flat surfaces as well as
liquid separations at sharp edges. Further-
more, the recent new development of pat-
terned superhydrophobic surfaces has
shown the possibility to drive a liquid flow
on the patterned surfaces.9�13 Examples
include drop emission by wetting properties

in driven liquid filaments,14 droplet ejection
through micronanostructured superhydro-
phobic nozzles,15,16 and stoppingwater drib-
bling by nanostructured superhydrophobic
edges.17�20 Despite these advancements, it
is still challenging tomanipulate the position
of flow separation and dictate the direction
of the ejecting flow in an open system.
Here, we present a novel method for

manipulating overflow separation direction
in an open system with wettability bound-
ary positions. The surface is composed of a
nanostructured hydrophilic or a superhy-
drophilic stripe on a round,micronanostruc-
tured superhydrophobic solid edge with
a (super)hydrophilic�superhydrophobic di-
viding line (HSDL) in between. We found
that when the position of the HSDL was
fixed on the round solid edge, liquid over-
flowed along the nanostructured hydrophi-
lic stripe but separated from the solid edge
upon encountering the micronanostruc-
tured superhydrophobic surface. A new
mechanism of instability induced by the
competition between capillarity and inertia,
which leads to controllable overflow separa-
tion, is demonstrated. In addition, overflow
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ABSTRACT Facile strategies to realize controllable overflow

separation are urgently needed for advances in liquid-directional

transportation systems and liquid delivery devices. Here, we

present a wettability boundary based destabilization mechanism

for direct separation of liquid flow from the solid edge at the

(super)hydrophilic�superhydrophobic dividing line. Macroscale

fluid dynamics is precisely controlled by modifying micro- and

nanoscale surface structures and chemical compositions. Coupling surface wettability boundaries with flow inertia, flow separation angles are finely

adjusted. These findings not only provide physicochemical insight into the understanding of the mechanisms on the dynamics of fluid at solid edges, but

also promote the development of nanoscience in hydrodynamic applications.
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separation angles were finely adjusted through the
cooperative regulation of surface wettability bound-
aries and flow inertia. Furthermore, overflow separa-
tion
angle can be controlled from �180� counterclockwise
to 180� clockwise by simply adjusting the wettability
boundaries on a double-curved surface. This facile
strategy is a promising candidate for the manipulation
of overflow separation directions in firefighting, irriga-
tion, drinking water systems, and other applications,
which is of great significance for the development of
directional liquid transportation systems.

RESULTS AND DISCUSSION

Figure 1, panel a shows the schematic diagram
of the experimental setup. It is composed of a nozzle
mounted on the top of an aluminum plate that had
a round solid edge with a radius of curvature R of
10.0 mm. Polymer films were coated on the plate's
solid edge to modify surface with wettability bound-
aries. The fluid used in our experiment was dyed with
rhodamine 6G at a concentration of 10�6 g/mL. At such
a low concentration, the dyemolecules show little influ-
ence on the surface tension of the fluid (Figure S1,
Supporting Information).Overflowseparationbehaviors
were captured in a dark room and recorded by a digital
camera with illumination from an ultraviolet lamp of
365 nm. Since longer exposure time can demonstrate
the stability offlowbehaviors, the exposure time is set as
10.0 s. The flow velocity was manipulated by a gear
pump to achieve velocities between 0.5 and 4.0m/s,21 a
typical flowspeed range forwater delivery systems such
as irrigation and pipeline transportation.22 This velocity
range is in a high Reynolds number, quantifying the role
of inertia versus viscosity, with the order of 103, and a

low Weber number, expressing the impact of capillary
effect versus flow inertia, with themagnitude of 10. This
indicates that the viscous effect can be neglected,
whereas the roles of capillary effect and surface wett-
ability are dominant.
To separate liquid flows from the solid edge at a

predetermined position, the surface wetting proper-
ties of the solid edge must satisfy two criteria: (1)
successful liquid adhesion on one part of the surface
and (2) low liquid�solid adhesion on the remaining
part. Generally, when the surface energy of a specific
surface is above 890 mJ/m2,23,24 the surface behaves
hydrophilic and is easily wetted by water with high
liquid adhesiveness. For this surface, once water over-
flowed along the hydrophilic or superhydrophilic
curved edge (Figure S2a,b, Supporting Information),
it flowed back along the bottom surface. Therefore,
the first requirement can be satisfied by using a
(super)hydrophilic stripe with high liquid adhesion.
For the second criterion, the surface must have a

water-resistant region with low water adhesion. Solid
surfaces can be made more water repellent by chang-
ing either the surface chemical composition to have
low surface energies or by roughing the surface mor-
phologies to trap air.25 Fluorination of a smooth surface
reduced the surface energy, but only moderate hydro-
phobicity was achieved. Figure S2c of the Supporting
Information showed that overflow still existed on the
smooth hydrophobic edge; thus, fluorination alone
was insufficient. In contrast, superhydrophobic solid
edge showed little influence on the flow dynamics of
the inertial flow (Figure S2d, Supporting Information).
Therefore, a structural approach for repelling water
should be used to roughen the fluorinated surface
with both micro- and nanostructured morphologies.

Figure 1. Experimental setup and surface morphology. (a) Scheme of experimental setup. A nozzle was mounted on the top
surface of an aluminum plate. The plate's round margin was coated by a superhydrophobic polyethylene terephthalate film
with a (super)hydrophilic stripe. As water exited the nozzle, it traveled along the (super)hydrophilic stripe until encountering
the HSDL. (b) A 10 μL droplet of colored water kept a sphere shape on the superhydrophobic surface, while it spread on the
hydrophilic stripe. (c�e) Scanning electron micrographs of the morphology differences along the HSDL. On the nano-
structurd hydrophilic stripe, nanoroughness can stabilize the liquid flow firmly on the stripe. On the micronanostructured
side, the air trapped between the microstructures can suspend the liquid, and nanoroughness on the microstructures could
further decrease the liquid�solid contact and hence increase the liquid repellency.
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The air trapped between the microstructures can
suspend the flowing liquid, supporting a composite
interface proposed by Cassie.26 Nanoroughness on the
microstructures could further decrease the liquid�
solid contact and hence increase the liquid repel-
lency.27�29 A coating surface with hydrophilic stripe
on the micronanostructured superhydrophobic sur-
face was thus preferred.
On the basis of the analyses above, a superhydro-

phobic polyethylene terephthalate (PET) coatingwith a
50.0 mm long and 5.0 mm wide hydrophilic stripe was
prepared (Figure 1b). This PET coating was achieved by
replicating themorphology of etched Si templates and
selective dopamine/fluoride modification (see Experi-
mental Section for details). Si templates were fabri-
cated with standard photolithography, anisotropic wet
etching, and metal-assisted chemical etching.6,30 PET
films were used to replicate the surface morphology of
Si templates, which were then dipped into a dopamine
solution and finally fluorinated in a vacuumovenwith a
photoresist mask (Figure S3, Supporting Information,
scheme of the detailed fabrication process).31�33

After the photoresist was stripped, specific regions
of the (super)hydrophilic stripe and superhydropho-
bic surface were achieved with a HSDL in-between, as
shown in Figure 1, panels b�e. X-ray photoelectron
spectroscopy (XPS) in Figure S4 of the Supporting
Information shows the surface chemical composition
of the as-prepared patterned PET surface at the super-
hydrophobic side, which demonstrates a successful
chemical selective modification that has been per-
formed. The (super)hydrophilic�superhydrophobic
patterned PET films were finally coated on the Al
plate's solid edge to modify the surface with wett-
ability boundaries.
Surface wetting properties were characterized by

static contact angle θ and water adhesive force Fad
on the (super)hydrophilic stripe (red scatters) and
superhydrophobic (black scatters) surface (Figure 2). In
control experiment, a series of coating materials was
fabricated and coated on the Al plate to investigate the
wettability boundaries influenced overflow separation

behavior. By adjusting the surface morphology of
etched Si templates and selective surface chemical
modification of polymer coatings, thewetting difference
between the (super)hydrophilic and (super)hydrophobic
regions increased with the increase of surface rough-
ness (Figure S5a�f, Supporting Information). Blue
stripes in Figure 2 indicate the wetting properties of
the polymer coating in Figure 1, panels b�e, which
have a θ of 5.4 ( 1.1� and a high water adhesive force
Fadh of 132.3 ( 6.2 μN on the poly dopamine stripe,
and a θ of 165.2( 1.7� and an ultralow water adhesive
force Fads of 4.3 ( 2.1 μN on the superhydrophobic
surface.
Figure 3 demonstrates the manipulation of overflow

separation position at solid edges with wettability
boundaries. A superhydrophobic PET film with eight
hydrophilic stripes, schemed in Figure 3, panel a, was
coated on the plate. The deflection angles R, the flare
angles between the top surface of the plate and the
tangential line of the solid edge at the HSDL, were
0�, 30�, 60�, 90�, 120�, 150�, and 180�, respectively
(Figure 3c�i). At a linear flow velocity of 2.0 m/s, as a
paradigm, fluid overflowed along the hydrophilic
stripes and separated from the solid edge at the HSDL.
This facile strategy, which combines different wettabil-
ities on the solid edge, enables precise control of
overflow separation behaviors by simply adjusting
the position of the HSDL.
Determination of the required hydrophilicity/

hydrophobicity on both sides of the HSDL for control-
lable overflow separation is useful for material designs
and practical applications. Theoretical analyses and
experiments were both performed to make a full
understanding of the wettability boundaries manipu-
lated overflow separation. At the hydrophilic side, to
stabilize the liquid flow firmly on the solid edge
without separation, Fad should not be less than
the centripetal force that operates on the fluid
(Figure 3b).6,17 Wetting thermodynamics analysis re-
vealed that water adhesive force, Fad≈ γ(1þ cos θa)S/e,
is dependent on advancing contact angle θa vertical
to the moving direction and liquid surface tension γ.

Figure 2. Surfacewettingproperties. (a) Contact anglesθ and (b)water adhesive forces Fad as a function of surface roughness.
Wetting difference increased with the increase of surface roughness. Blue stripes indicate the wetting properties of the
polymer coating used in Figure 1.
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Since θa increases with flow velocity v, as derived by G.
Friz,34 Fad is v-related and decreases as v increases.
In addition, the centripetal force acting on the fluid is
given by

Fc ¼ FeSv2

R
(1)

where F is the mass density of water, e is the
average thickness of the liquid layer as it travels
on the curved surface, and S is the wetted unit area.35

Fc increases proportionally to the square of flow velo-
city. Thus, Fad is at its minimum value when Fc operat-
ing on the fluid is at its maximum, where a threshold
advancing contact angle θt exists at which Fc equals
Fad:

θt ¼ cos�1 Fe2v2

γR
� 1

 !
(2)

Therefore, only those hydrophilic coatings with θa
smaller than θt can be selected to cover the curved
edge.

To determine which hydrophilic surface had
the upper limit static contact angle θ, a threshold
value, and identified the best material for the
(super)hydrophilic pattern, experiments were per-
formed to illustrate the relationship between θ and
θa at varied flow velocities (Figure 3k,l). As θ increased
from 0� to 43.8 ( 2.7�, overflow separation (4 m/s, the
maximum flow velocity) was observed at 25.6 ( 1.8�,
which corresponds to θ = 25.0� (Figure 3k, green dash
line), the angle determined from eq 2. Therefore,
a (super)hydrophilic surface with a static contact
angle <25.0� (the upper limit θ) can be used as the
(super)hydrophilic pattern (Figure 3l).
At the hydrophobic side, clinging flow is theoreti-

cally predicted to separate from the solid edge if the
maximum Fad is less than the minimum Fc.

3,5,14 The
theoretical θt is 124� by calculation, which is much less
than the experimental minimum contact angle of 155�
required for a superhydrophobic surface. Experimen-
tally, for the surface with a θ of 124�, the overflow
separation behavior indeed occurs at the HSDL when

Figure 3. Controlling overflow separation positions. (a) Schematic diagram of HSDL positions set at the top surface, one-
twelfth, one-sixth, one-fourth, one-third, five-twelfths, and one-half of the length of the round edge with deflection angles R
ranging from 0�180�. (b) Diagram of the forces acting on the flow. Before encountering the HSDL, liquid flow clings to the
hydrophilic stripe. Upon reaching the HSDL, flow separates from the solid edge with a separation angle of β. (c�i) Optical
images of overflow separation behaviors at the round margin controlled by the position of the HSDL. (j) Flow behavior on a
soley hydrophilic coating. The flow velocities are all 2.0 m/s for panels c�j. (k) Advancing contact angles θa in relation with
flow velocities v. Scatters in panel k indicate the experimental data, and line indicates the theoretical value. Green dashed line
indicates the hydrophilic surfaces with threshold advancing contact angles at varing flow velocities. Blue and red values
indicate the static contact angle. (l, m) The relationship between advancing contact angles and static contact angles of the (l)
(super)hydrophilic surface and (m) superhydrophobic surface with flow velocity at the maximum velocity of 4 m/s,
respectively.
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the flow speed is less than 2.5 m/s; whereas at a flow
velocity of above 3.5 m/s, overflow separation occurs
after the HSDL (Figure S4, Supporting Information).
This deviating flow behavior can be explained by the
Coanda effect,17 which was not considered in the
above simplified model. Although Fad reduced with
the increasing of θa, an air pressure drop, which is
induced by the flow itself, exists at higher flow velo-
cities and forces the inertial flow to cling on the solid
surface. To effectively separate the fluid at the HSDL, a
Cassie state superhydrophobic surface with a θ greater
than 155� and a Fad less than 5 μN is needed and used
in this experiment (Figure 3m).
In the presented surface of Figure 3, panels c�i, the

wetting phase on either side of the HSDL is different:
the hydrophilic side is wetted by water, while the
superhydrophobic side is wetted by air.29 In addition,
at the superhydrophobic side, microstructured pyra-
mids can act as air passages to balance the pressure
drop induced by the Coanda effect, and nanostruc-
tures can destabilize the triple contact line of clinging
flow.36,37 Thus, the energy barrier induced by the air
entrapment of the superhydrophobic surface can pre-
cisely force water to separate from the round solid
edge at the HSDL.
We found that the overflow separation angle β can

be finely adjusted by the flow velocity, though the β is
not always along the tangential line of the solid edge at
the HSDL (Figure 4). The difference between β and R
was reduced with the increase of flow inertia, which
can be clearly observed by the distances between
green and red dots in Figure 4, panels a2�d2. This
trend also occurred with other HSDL positions, as
shown in Figure 4, panel g. Thus, by regulating fluid
inertia and wettability boundaries cooperatively, the
flow can be separated from surface in almost any
determined direction.
As shown in Figure 4, panels a�d, on both sides of

the HSDL, liquid flow showed different flow shapes.
Above the HSDL, liquid kept an arch-shaped cross-
section, while below the HSDL, separated liquid
tended to form a fluid chain, a succession of mutually
orthogonal links, rather than a uniform path with a
disc-shaped cross-section (Figure 4a3�d3). This phe-
nomenon is an everyday occurrence when pouring
juice from a lipped jug and rivulets flowing off a
leaf or sharp edge.38 The velocity of the inner flow, in
contact with the hydrophilic stripe, slows due to the
restriction force, while the velocity of the outer flow,
in contact with the air�superhydrophobic-surface
interface, is not influenced.38 Thus, the separa-
ting flow could not flow at an equal speed across the
HSDL.
Flow velocity influences the shape of fluid chain,

which can further affect the overflow separation direc-
tion. A thorough analysis of the relationship between
(β � R) and v was performed. The collision of high

speed outer flows at the HSDL, which is similar to the
obliquely colliding jets,38�40 generates a fluid sheet
perpendicular to the solid surface (Figure 4e,f). Within
the sheet, fluid shoots radially away from the point of
the HSDL at roughly uniform speeds. The sheet thins
with 1/r, where r is the radial distance of the point of
separation, until reaching the sheet's edge. A double
sine curve-like separated flow is thus produced, and
the profile of a sine curve near the solid edge is
regarded as f(θ) = A sin θ, where A is the amplitude
of the sine curve, and θ is the contact angle. Since the
superhydrophobic surface can prevent the liquid from
wetting the solid edge and shows no influence on the
flow dynamics,6 the separating flow is along the direc-
tion of the slope of the oscillation chain at the HSDL. In
addition, the slope of the fluid chain is parallel with the
tangent line of the difference between the over-

Figure 4. Manipulating overflow separation angles. (a1�d1)
Schematic images, (a2�d2) side view, and (a3�d3) front view
optical images of velocity dependent overflow separation
behaviors. (e) Side and (f) front view diagrams showing the
double-sine-curve flow chain profile. Fluid chain exists
when liquid separates from the solid edge. Separation
position, R, affects the overflow separation angle, β, and
flow velocity precisely regulated β. (g) The relationship
between β and R with the variation of flow velocities. The
difference between β and R slightly decreases with the
increase of flow velocities, and the separation angle β was
manipulated from 3� to 180� by regulating the flow velocity
and the position of the HSDL.
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flow separation angle β and the deflection angle
R.41 Following the mathematical derivation of the
slope of f(θ), tan (β � R) ≈ (A/L)π cos θa, where A is
the amplitude of the curve, L is the wavelength of
the curve, and θa is the advancing contact angle. In
addition, the wavelength L of the oscillation chain is
quantitatively related with flow velocity v, which
can be expressed as L = πrv(2Fr/3γ)1/2, where r is
the radial distance of the point of separation, v is the
flow velocity, F is the liquid density, and γ is the
surface tension.41�43 By using the theoretical result
of L, (β�R)≈ tan�1(k/v). For a predetermined liquid,
k is a constant; thus, (β � R) depends on v. As v

increases from 0.5 to 4.0 m/s, (β � R) changes from
0 to 30�.
In the experiment, as shown in Figure 4, panel g,

with flow velocities varying from 0.5�4.0 m/s and R
setting at 30�, 60�, 90�, 120�, 150�, and 180�, respec-
tively, liquid flowwas controlled to separate from the
solid edge with β ranging from 3�180�, which fits
the theoretical results. Moreover, the separation
angle at low speed is lower than that at high speed,
which can be explained more qualitatively by the
competition between the act of surface superhydro-
phobicity and flow inertia. At low speed, the act of
surface superhydrophobicity can force the fluid se-
parating from the solid edge at the HSDL with a
separation angle (β � R), while the flow inertia, at
high flow speed, acts to hold its original flow direc-
tion to decrease this angle. Therefore, with the
cooperation of HSDL and flow velocity, the overflow
separation direction can be finely manipulated ex-
perimentally and theoretically.
A prototype of application for this wettability

boundaries controlled overflow separation is demon-
strated using the following setup. As shown in Figure 5,
the overflow separation direction could be controlled

either upward or downward with varied separation
angles by simply adjusting the HSDL position. A
nozzle was placed between two round plates such
that water flow can travel along the surfaces on both
sides (Figure 5a). Since the superhydrophilic pattern
can strongly attract the flow, water overflowed the
upper plate when the downward curved plate was
modified with a superhydrophobic coating. When the
HSDL was set at one-eighth, one-fourth, three-eighth,
or one-half the circumference of the round edge
counterclockwise, ejecting flow separated upward at
corresponding angles (Figure 5b�e). Similarly, when
the HSDL was set at the downward round edge at
various clockwise positions, ejecting flow separated
downward at corresponding angles (Figure 5g�i).
When both plates were modified to be superhydro-
phobic, the liquid ejected horizontally (Figure 5f).
Therefore, if the opening of a tube is selectively
modified with wettability boundaries on one part
and superhydrophobicity on the other part, water
flow can be controlled to separate from the solid
edge at predetermined positions and directions with-
out the use of changing the direction of nozzle
opening.

CONCLUSION

In conclusion, we constructed a series of surfaces
withwettability boundaries to control overflow separa-
tion behaviors at solid edges. Macroscale fluid dy-
namics is manipulated by the micro- and nanoscale
surface structures and chemical compositions. Over-
flow separation was triggered at the predetermined
position of the (super)hydrophilic�superhydrophobic
dividing line, and overflow separation angle was ma-
nipulated through cooperatively regulating the posi-
tion of wettability boundaries and the flow inertia. This
fundamental research will guide rational fabrication of

Figure 5. Overflow separation in controllable directions. (a) Schematic diagram showing the experimental setup. A
nozzle was mounted between two plates such that water flow could travel along both sides of the plate before
encourting the round edges. (b�j) Images of the flow dynamics on the double cureved plate. (b�e) The downward
curved plate had a superhydrophobic coating, while the upward curved plate was coated to have wettability
boundaries, with a HSDL at (b) one-eighth, (c) one-fourth, (d) three-eighths, and (e) one-half of the circle circumference,
counterclockwise. Ejecting flow separated upward from the round margin at the HSDL. (f) Both plates had super-
hydrophobic coatings. The flow ejected horizonally. (g�j) The upward curved plate had a superhydrophobic coating,
and the downward curved plate was coated to have wettability boundaries with a HSDL at (g) one-eighth, (h) one-fourth,
(i) three-eighths, and (j) one-half of the circle circumference, clockwise. Ejecting flow separated clockwise from the
round margin at the HSDL.
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coating materials at solid edges to control overflow
separation behaviors and accelerate the development

of materials with wettability boundaries to manipulate
the flow hydrodynamics at solid edges.

EXPERIMENTAL SECTION

Materials. PET films with a thickness of 1.0 mm were ob-
tained from 3 M Co. Ltd. Positive resist PR1�2000A and RD-6
developer were purchased from Futurrex, Inc. 1H,1H,2H,2H-
Perfluorodecyltrimethoxysilane (PFOS) and dopamine were
purchased from Sigma-Aldrich. The Æ100æ-oriented silicon wafer
with 500 nm SiO2 covered on the top layer was purchased from
Institute of Semiconductors, Tianjin, China.

Sample Preparation. PET coatings with micro/nanostructures
were achieved by replicating themorphology of corresponding
etched Si templates. PET was used as replicas. The negative
micro/nanostructured Si template was obtained from standard
photolithography, anisotropic wet etching, and metal-assisted
chemical etching.

Fabrication of Si Template and PET Film. According to our pre-
vious method,6 a thin layer of positive resist was spray-coated
onto a SiO2 covered silicon wafer at a rotational speed of
3000 rpm, which was followed by a UV exposure process. The
photomask had a 50.0mm long and 5.0mmwide light blocking
stripe and four positioning patterns. Then, the UV exposed Si
wafer was immerged into a buffered oxide etching solution
to remove the unprotected SiO2 layer. Subsequently, the as-
prepared substrate was put into a KOH solution for orientational
erosion. After it was rinsed with ultrapure water and dried with
N2 flow, the microstructured Si wafer composed of inverse
pyramidal arrays was acquired. To obtain the nanostructures,
metal-assisted chemical etching was used to roughen the as-
prepared microstructured Si wafer. Au film was vacuum evapo-
rated onto the inverse pyramidal arrays and then annealed into
dot-arrays at 1173 K with temperature increasing from 293 K to
1173 K at the speed of 200 K/h, and holding at 1173 K for 4 h
before cooling in a muffle furnace. These arrayed Au dots acted
as microscopic catalysts in drilling nanoholes into the micro-
structured Si substrate. After etching in a HF solution, micro-
nanostructured Si template was thus finally achieved. A 0.5 mm
thick PET film was used to copy the morphology of Si template
at 520 K.

Polydopamine Coating and Selective Fluorination. A sample of 0.1 g
of dopaminewas added to 10mL of Tris-HCl (10mM) at pH= 8.5
with stirring at 300 rpm for 30 min. Oxidation changes the color
of solution from colorless to dark brown. Hydrophilic PET films
were dipped into the as-prepared solution twice at the advan-
cing speed of 0.80mm/s, and retraction speed of 0.80mm/s, the
holding time of which is 600 s. A thin layer of polydopaminewas
covered on the hydrophilic PET surface. A thin layer of positive
resist was then spray-coated onto the polydopamine-coated
PET film at a rotational speed of 3000 rpm, which was followed
by a UV exposure process. During the exposure process, a
photomask with only a 50.0 mm long and 5.0 mm wide light
blocking stripe was used. Caution: the photomask must be
focused to local the position with the help of positioning
patterns. After UV exposure, the as-prepared PET film
was fluorinated in a vacuum desiccator with 10 μL of PFOS
at 353 K for 3 h. The fluorinated PET film was rinsed
with acetone, ethanol, water, and dried by N2 gas. The

(super)hydrophilic�superhydrophobic patterned surface was
finally achieved.

Instruments and Characterizations. Scanning electron micro-
scope (SEM) images were captured by a field-emission scanning
electron microscope at 10 kV (JEOL-7500F, Japan). Contact
angles were measured on an OCA 20 machine (Germany) and
were obtained by measuring more than five different positions
on the coating surfaces. The adhesive force was measured by
removing a 10 μL droplet from the solid surfaces by using a
high-sensitivity microelectromechanical balance system with a
resolution of 10 μg (DataPhysics DCAT 11, Germany). Optical
images were captured in a dark room by a Nikon D90 digital
camera with illumination from an ultraviolet lamp of 365 nm.
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