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ABSTRACT: An electro-responsively reversible switching of
wettability between superhydrophobicity and superhydrophi-
licity has been obtained from a highly porous structured
polythiophene film. The polythiophene film was prepared by
two-step electrochemical deposition on an indium tin oxide
(ITO) substrate. The underlying poly(3,4-ethylenedioxythio-
phene) (PEDOT) provides a highly porous structured
conductive support, and poly(3-methylthiophene) (P(3-
MTH)) deposited thereon plays the role of a low-surface-
energy conductive coating. The wettability switching of this
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double-layer film between superhydrophobicity and superhydrophilicity has been investigated by doping and dedoping in an
electrolyte solution containing ClO,". Electrochromism of the film was also seen to accompany the electrochemical process of
conversion between the two superwetting states. On the basis of this porous electro-active film, an in situ electro-wetting device

was also demonstrated.
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1. INTRODUCTION

Control of surface wettability is of considerable technological
and scientific importance, with applications in self-cleaning
surfaces,'” antifogging surfaces,”” microfluid systems,''" and
biotechnology.'” Surface wettability is usually governed by the
surface geometry and chemical composition.”>"? Smart
surfaces with reversibly switchable wettability have received
special attention due to their vital importance in many fields.
Such surfaces may be constructed by introducing a stimuli-
responsive material into an appropriately rough structure,"*~"?
and the reversible switching feature can be realized with the
help of an external stimulus such as light irradiation,”*>*
temperature,'® pH,* solvent,"”** or electrical potential.>>~>*
Among stimuli-responsive materials, 7-conjugated polymers are
typical electrochemical-responsive materials and can be easily
prepared.'”*”**3° In particular, for 7-conjugated polymers that
can be doped (oxidized) and dedoped (reduced) by applying a
voltage in an electrolyte solution, these processes are
accompanied by counterions (dopants) moving into and out
of the film. This may result in a conversion of the wetting
properties of the 7-conjugated polymer. Yan et al. employed
perfluorooctanesulfonate to dope polypyrrole (PPy) film, which
resulted in a change in surface wetting from superhydrophilicity
to superhydrophobicity.'” Advincula et al. electrochemically
polymerized a polythiophene derivative, poly(G0—3T COOR),
as a surface layer on polystyrene (PS) nanoparticles, and found
that the wetting could be switched by dopin_; and dedoping of
tetrabutylammonium hexafluorophosphate.”” Although highly
porous structures of z-conjugated polymer films were
successfully achieved in these two studies, which is necessary
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not only for the passage of counterions but also for the
amplification of surface wettability properties,'”*' ™3¢ the
processes are complicated and additional substances need to
be added. This may cause a reduction in the transparency of the
film or a weakening of the adhesion between the polymer layer
and conductive substrate. For example, in previous work,"” Fe3*
was included as catalyst in the plating solution, and coupling of
electropolymerization and Fe**-catalyzed chemical polymer-
ization promoted the growth of a porous, rough PPy film. In
the second study,”” the latex assembly of PS nanoparticles on a
flat conducting substrate was first carried out by an LB-like
technique, and then the polythiophene derivative was electro-
deposited to form a rough polymer surface. The required
roughness of the PS nanoparticles may have reduced the
conductivity of the electrochemically deposited film. Therefore,
such electro-active 7-conjugated polythiophene films, which are
easy to prepare on a large scale, have remained unexplored for
wetting switching application.

In our earlier study, an electro-responsive double-layer
polythiophene film was prepared for water-droplet adhesion
switching reversibility between sliding and pinned super-
hydrophobic states.>” This preparation process did not need
any additive for the creation of a rough surface and low surface
energy. Poly(3,4-ethylenedioxythiophene) (PEDOT) was
directly electrodeposited on an indium tin oxide (ITO)-coated
glass electrode to provide a porous conducting substrate. On
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Figure 1. Scanning electron microscopy (SEM) image of the electrodeposited films: (a) P(3-MTH) film, (b) highly porous network-like PEDOT
film, and (c) highly porous PEDOT—P(3-MTH) film. (d) Magnified image of PEDOT—P(3-MTH) showing the network-like nanostructure.

the surface of the porous PEDOT, hydrophobic poly(3-
hexylthiophene) (P(3-HTH)) was further electrodeposited.
Such double-layer polythiophene possesses a strongly super-
hydrophobic surface both at doping and dedoping, that is, their
static water contact angle (WCA) is always greater than 150°,
which provides a good platform for the preparation of adhesion
switching (sliding angle (SA) changes between 0° and >90°).
Deferent to the above-mentioned work, in this work, we
focused on an electro-responsive wetting switching reversible
between superhydrophobicity and superhydrophilicity (WCA
changes between >150° and ~0°). Thereby, the overlying
polythiophene P(3-HTH) was replaced by another polythio-
phene with a shorter alkyl group, poly(3-methylthiophene)
(P(3-MTH)), to moderately tune the hydrophobicity of
double-layer film. The obtained double-layer polythiophene
flm (PEDOT—P(3-MTH)) exhibited superhydrophobicity
with a WCA > 150°. Through continuously doping and
dedoping at redox potentials, the as-prepared PEDOT—P(3-
MTH) film displayed a reversible conversion between super-
hydrophilicity at the doped state and superhydrophobicity at
the dedoped state. This wettability switching has been
investigated by precisely adjusting the doping and dedoping
potentials.

2. EXPERIMENTAL SECTION

2.1. Materials. Commercial high-performance liquid chromatog-
raphy grade acetonitrile (ACN) was provided by Shanghai Lingfeng
Chemical Reagent Company and was used without further
purification. 3,4-Ethylenedioxythiophene (EDOT), 3-methylthiophene
(3-MTH), anhydrous lithium perchlorate (LiClO,), and tetrabuty-
lammonium hexafluorophosphate ((CH;CH,),N*PF, ,TAHFP) were
purchased from Aladdin.

2.2. Characterization. Field-emission scanning electron micros-
copy (FE-SEM) was performed with a Nova NanoSEM instrument

(FEL Hillsboro, OR). Static water contact angle measurements were
performed by the sessile drop method on a Contact Angle System
OCA 20 (DataPhysics Instruments GmbH, Germany) in air. The
contact angles reported herein are mean values measured for 4 uL
water droplets at five different positions on each sample. Water SAs
were determined by slowly tilting the sample stage until a 4 yL water
drop started moving. The chemical compositions of the surfaces were
determined by X-ray photoelectron spectroscopy (XPS) on a Kratos
Axis Ultra DLD spectrometer (Kratos Analytical, Ltd,, Manchester,
U.K.) with a monochromated Al Ka radiation source (1486.6 eV) and
a takeoff angle of 90°. UV/vis spectra of the films on the ITO substrate
were measured on a PerkinElmer Lambda 20 UV/vis spectrometer.
Photographs and movies were taken with a camera.

2.3. Electrochemical Synthesis and Experiments. All electro-
chemical experiments were performed in an electrochemical cell (1 X
1 X 4.5 cm) with a three-electrode system by using a computer-
controlled CHI 630E Electrochemical Analyzer. The working
electrode was ITO glass (<10 Q sg™%, 09 X S cm), which was
washed successively under ultrasonication with deionized water and
absolute ethanol and then dried with a stream of N, before use. The
counter electrode was a platinum wire (1 mm diameter), which was
cleaned before each examination. An Ag/AgCl wire was used as a
quasi-reference electrode. All electrochemical experiments were
performed at room temperature and <40% relative humidity.
Polythiophene films were electrodeposited on ITO electrodes by
cyclic voltammetry (CV) in ACN solution containing 0.2 M LiClO, as
the supporting electrolyte. All films were rinsed twice with ACN (2 X
ca. 1 mL) and then dried at room temperature for several minutes
under flowing N, before characterization.

2.4. Electrochemical Preparation of P(3-MTH). A P(3-MTH)
film was directly electrodeposited by CV onto a smooth ITO glass
substrate of 0.05S M 3-MTH electrolyte solution between 0 and +1.9 V
or at constant potential (+1.9 V; Q ~ 330.9 + 20 mC cm™) (Figure
S1, Supporting Information). The P(3-MTH) could be doped at +1.2
V (oxidation) and dedoped at 0 V (reduction) in ACN solution
containing LiClO, as the supporting electrolyte.
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Figure 2. (a) XPS spectra of the (blue) dedoped PEDOT, and PEDOT—P(3-MTH) in the (green) dedoped and (red) doped states. (b) High-
resolution XPS spectra of Cl (2p, 207.0 eV) in the (green) dedoped and (red) doped PEDOT—P(3-MTH).
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Figure 3. (a) Cyclic voltammograms of PEDOT—P(3-MTH) in monomer-free 0.2 M LiClO,/ACN solution at scan rates between 100 and 300 mV
—1 . A . . . . . . .
s7". (b) Peak current density (j,, and j,.) vs scanning rate; j denotes the current density; pa and pc denote the oxidation peak and the reduction peak,

respectively.

2.5. Electrochemical Preparation of PEDOT—P(3-MTH). An
underlying film of PEDOT was first electrodeposited by CV of a 0.01
M EDOT electrolyte solution between —0.7 and +1.6 V, applying an
electrodeposition charge (Q) of about 32.5 + 2 mC cm™ (Figure S2a,
Supporting Information). Thereafter, a poly(3-methylthiophene) P(3-
MTH) film was electrodeposited on the as-prepared PEDOT film by
CV of a 0.05 M 3-MTH solution between —0.4 and +1.9 V, with Q =
642 + 5 mC cm™ (Figure S2b, Supporting Information). Notably, a
low-adhesion superhydrophobic film could only be obtained when the
electrodeposition charge used to apply the surface P(3-MTH)
moieties was nearly twice that used for the underlying PEDOT
moieties. The constant-potential method was applied for doping (at
+1.2 V for S s) and dedoping (at —0.2 V for 10 s) of PEDOT—P(3-
MTH) in monomer-free electrolyte solutions.

2.6. Electrochemical Characterization of the Films. The
electrochemical properties of the as-prepared PEDOT—P(3-MTH) in
electrolyte solution were characterized by sweeping potentials of —0.4
to +1.2 V at scan rates between 100 and 300 mV s™'. Cyclic
voltammograms of the as-prepared PEDOT—P(3-MTH), PEDOT,
and P(3-MTH) films in electrolyte solution were obtained at a scan
rate of 200 mV s~

2.7. Electrochemical Properties of PEDOT—P(3-MTH) Film in
TAHFP/ACN Solution. The CV curve of PEDOT—P(3-MTH) film
in a 02 M TAHFP/ACN solution was created by scanning the
potential from —0.4 to +1.6 to —0.4 V with a scan rate of 200 mV s™".
In this electrolyte system, PEDOT—P(3-MTH) film was doped with
TAHFP (the counterion is PF”) at an oxidation potential of +1.6 V
for S s and dedoped at a reduction potential of —0.2 V for 10 s. The
WCAs of the doped and dedoped film were measured after rinsing the
film with ACN (2 X ca. 1 mL) and then drying it at room temperature
for several minutes under flowing N,.

2.8. Electro-Wetting Properties of PEDOT—P(3-MTH) Device
under the Transition Potential. A simple electro-wetting device
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comprised a porous PEDOT—P(3-MTH) film and a water droplet
containing 0.2 M LiClO, sitting on the film. The water droplet was
linked to the counter (negative) electrode by a 1 mm diameter
platinum wire, and the film was linked to the work (positive)
electrode. The electro-wetting test was done using a transition
potential of +1.5 V between the water droplet and the PEDOT—P(3-
MTH) film. The water droplet change in WCA with time prolonging
was recorded using a Contact Angle System OCA 20.

3. RESULTS AND DISCUSSION

3.1. Morphology and Chemical Composition of
PEDOT—P(3-MTH). In general, electrodeposited polythio-
phenes with short alkyl side chains (typically n < 6 in
C,H,,., groups) do not provide sufficient roughness to support
a superhydrophobic/superhydrophilic conducting surface.”” >
For example, the surface topography of electrodeposited P(3-
MTH) is shown in Figure la. This P(3-MTH) film displayed
only a wettability change from hydrophobicity (WCA of 115.2°
+ 5°) to hydrophilicity (35.5° + $°) after doping it with
LiCIO, at an appropriate oxidation potential (Figure S3,
Supporting Information). However, an electrodeposited
PEDOT film has a highly porous network-like structure
(electrodeposition charge (Q) = 32.5 mC cm™?), as shown in
Figure 1b, which is highly advantageous for the preparation of a
conductive super wetting coating. To this end, a double-layer
PEDOT-P(3-MTH) film was prepared by sequentially
electrodepositing PEDOT and P(3-MTH) on the same ITO
electrode from respective monomer-containing LiClO,/ACN
solutions (see curves obtained by CV in Figure S2 Supporting
Information). The highly porous and nanoscale rough structure
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of PEDOT was successfully retained after the electrodeposition
of P(3-MTH) (Q = 64.2 mC cm ™% Figure 1c). This result can
be attributed to the growth-orienting effect of the network
structure of the PEDOT film.*” A magnified image shows that
the porous structure is composed of conductive polymer fibers
of about 100 nm (Figure 1d). This method for the preparation
of highly porous nanostructured 7-conjugated folymer films
may also be used in other photoelectrical fields.** The surface
chemical composition of PEDOT—P(3-MTH) was determined
by XPS (Figure 2a). The relative intensity of the photoelectron
peak of O (1s, 532.8 eV) in the spectrum of PEDOT—P(3-
MTH) is significantly lower than that in the spectrum of the
PEDOT film, confirming that the outermost layer of the
PEDOT—P(3-MTH) structure is mainly composed of hydro-
phobic P(3-MTH) moieties.

3.2. Electrochemical Properties of PEDOT—P(3-MTH).
The electrochemical properties of PEDOT—P(3-MTH) were
examined. PEDOT—P(3-MTH) showed a strong electro-
chemical response (Figure 3a), and the peak current densities
[j, redox peak pairs at the oxidation peak (pa) and the
reduction peak (pc)] were proportional to the potential scan
rates (Figure 3b), indicating the reversible redox process in this
film.*' This result indicates that the as-prepared PEDOT—P(3-
MTH) retained the high redox activity of polythiophenes.

3.3. Reversible Wettability Switching under the
Application of a Potential. The as-prepared PEDOT—P(3-
MTH) could be reversibly doped and dedoped under oxidation
and reduction potentials, respectively, in an electrolyte solution
containing ClO,~ (Figure 4a). The WCAs in the doped and
dedoped states of the PEDOT—P(3-MTH) film were measured
(Figure 4b). Upon dedoping at a potential of —0.2 V, this film
displayed superhydrophobicity, as evidenced by a high static
WCA of 162.4° + 2° and a low water sliding angle of 3.0° + 1°
(Figure 4b, left, and Movie S1, Supporting Information).
Compared with the hydrophobic P(3-MTH) film (Figure S3b,
left, Supporting Information), the highly porous structure of
the PEDOT—P(3-MTH) film significantly enhanced the
hydrophobicity of the surface P(3-MTH) moieties due to the
proportional increase of air/water contact interfaces (in a
Cassie state).>"*>** Notably, the hydrophobicity of PEDOT—
P(3-MTH) film is also higher than that of our earlier PEDOT—
P(3-HTH) film (its WCA is about 159.0°).>” This result may
be attributed to their morphology differences. Although P(3-
MTH) has a shorter alkyl side chain, its double-layer film
processes more abundant nanostructures, which can reduce the
contact area between the water droplet and the interface."**3*
On the contrary, a superhydrophilic PEDOT—P(3-MTH) film
could be obtained simply by doping the double-layer film at
+12 V for S s in an electrolyte solution containing ClO,~. A
water droplet spread rapidly on the doped PEDOT-P(3-
MTH) film, resulting in a WCA of essentially 0° (Figure 4b,
right). The results indicate that the wettability of the PEDOT—
P(3-MTH) film changed from superhydrophobicity to super-
hydrophilicity upon applying the oxidation potential.

With regard to the mechanism of the wetting switching, we
propose that upon doping at +1.2 V, the dopant ClO,” is
introduced into the positively charged polythiophene back-
bones of PEDOT—P(3-MTH) to counterbalance the charge,
leading to the formation of a large number of hydrophilic
dipoles (Figure 4a)."”*' A high-resolution XPS spectrum
clearly showed that the unique photoelectron peak of Cl (2p,
207.0 eV) was only observed for the doped PEDOT—P(3-
MTH) film and not for the dedoped film (Figure 2b). This
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Figure 4. (a) Doping (oxidation) and dedoping (reduction) of
PEDOT-P(3-MTH) in LiClO,/acetonitrile solution at potentials
between +1.2 and —0.2 V. (b) WCA switching of the PEDOT—P(3-
MTH) film between 162.4° + 2° (left, top) and ca. 0° upon the
alternate application of potentials of —0.2 (reduction) and +1.2 V
(oxidation), respectively. In the dedoped state, the film has a low
sliding angle of 3.0° + 1° (left, bottom). (c) Reversible wettability
transition of the PEDOT—P(3-MTH) film between superhydropho-
bicity (dedoped state) and superhydrophilicity (doped state).

result confirmed that the dopant ClO,~ was only present in the
doped PEDOT—P(3-MTH) film. The doping process altered
the chemical composition of the film surface, triggerin% a
wettability transition from hydrophobic to hydrophilic.'”*”
When a water droplet was deposited on such a doped and
highly porous structured film, it could rapidly fill the inner air
pores beneath it due to a two- or three-dimensional capillary
effect'*** and consequently showed an ultralow contact
angle. Upon dedoping of the PEDOT—P(3-MTH) film at —0.2
V for 10 s, the polythiophene backbones of the film returned to
their neutral state, and the dopant ClO,~ was released back into
the electrolyte solution.'”*" A water droplet deposited on this
film exhibited a near-spherical shape with a WCA of more than
150°, indicating that the dedoped film regained its super-
hydrophobic state. Therefore, reversible switching of the
wettability between superhydrophobicity and superhydrophi-
licity on the PEDOT—P(3-MTH) film was realized by
alternately applying potentials of —0.2 V and +12 V. As

dx.doi.org/10.1021/am5043627 | ACS Appl. Mater. Interfaces 2014, 6, 14736—14743
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Figure 7. (a) Randomly distributed water droplets (4 uL) on the reddish brown PEDOT—P(3-MTH) film. These water droplets show almost
spherical shape. (b) Doped PEDOT—P(3-MTH) film changed from reddish brown to bluish green. Water droplets applied to this film were rapidly
absorbed. (c) UV/vis measurements of the (reddish brown line) dedoped and (bluish green line) doped PEDOT—P(3-MTH) film.

shown in Figure 4c, the reversible wettability switching process
could be repeated several times in this system.

In addition, the wetting behavior is dependent on the doping
level of the PEDOT—P(3-MTH), which may be precisely
controlled by adjusting the potential. A plot of WCA as a
function of the potential from —0.2 to +1.2 V is shown in
Figure Sa, which confirms the potential-dependent wettability
switching of PEDOT—P(3-MTH). The WCA remained almost
unchanged when the potential was increased from —0.2 to +0.6
V. During doping, PEDOT moieties in PEDOT—P(3-MTH)
were oxidized, while P(3-MTH) moieties remained at a low

14740

oxidation level (Figure Sb and Figure S4, Supporting
Information). This behavior implies that the doping level of
the PEDOT moieties does not significantly influence the WCA
of the film. However, a rapid decrease in WCA from more than
150° to ca. 0° occurred when the applied potential was
increased from +0.6 to +1.0 V. This decrease in WCA
corresponds mainly to the oxidation of surface P(3-MTH)
moieties in PEDOT—P(3-MTH). Therefore, the wettability of
PEDOT—P(3-MTH) strongly depends on the doping level of
the surface P(3-MTH) moieties. When the potential exceeded
+1.0 V, the superhydrophilic state of PEDOT—P(3-MTH) was

dx.doi.org/10.1021/am5043627 | ACS Appl. Mater. Interfaces 2014, 6, 14736—14743
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ring after applying the potential of +1.5 V for 400 s. (d) The color of the wetting ring changes from bluish green to reddish brown when the reverse

potential of —1.5 V is applied for 10 s.

formed. When a gradually reducing potential from +1.2 to —0.2
V was applied to the doped PEDOT—P(3-MTH), a similar
curve of WCA versus potential was produced. These
observations further indicated that the water contact angle
could be reversibly regulated by precisely controlling the
applied potential.

3.4. Effect of Electrolyte on Wettability Switching. To
investigate the effect of electrolyte on the wettability of the
conductive film, we also doped and dedoped PEDOT—P(3-
MTH) film in a 0.2 M TAHFP/ACN solution. It exhibits a
similar electrochemical activity (Figure 6a). In this electrolyte
solution system, the counterion PF,~ can be introduced into
the polythiophene backbones under the doped potential of
+1.6 V. Different with the dopant of LiClO,, the PEDOT—P(3-
MTH) film processes a higher oxidation potential in this
system than that in 0.2 M LiClO,/ACN solution. Furthermore,
the film doped with TAHFP did not exhibit superhydrophi-
licity, but had a small WCA of about 15.5°. Upon the potential
of —0.2 V in this electrolyte system, the film can recover its
superhydrophobic surface with a WCA of about 155.5° (Figure
6b). Thus, the film in the TAHFP/ACN solution system only
has a reversible wettability switching between superhydropho-
bicity and hydrophilicity. This may be due to a modest
hydrophilicity of PF4™.

3.5. Photoelectric Properties and Wettability. The
wettability transition between superhydrophobicity and super-
hydrophilicity is accompanied by a change in the spectral
properties of PEDOT—P(3-MTH), as manifested in electro-
chromism of the film (Figure 7). The dedoped PEDOT—P(3-
MTH) film showed a reddish brown surface on which water
droplets were nearly spherical in shape (Figure 7a). After
doping, the film became bluish green, and water droplets
applied to the surface could rapidly spread into the film (Figure
7b). The bluish green color of the doped film did not fade, even
if it was immersed in water for 10 min (Figure SS, Supporting
Information). The spectroelectrochemistry of PEDOT—P(3-
MTH) (Figure 7c) was examined by using a UV/vis
spectrophotometer coupled with an electrochemical analyzer.
Upon dedoping at —0.2 V, the PEDOT—P(3-MTH) film
showed a strong absorption maximum at 507 nm with a weak
shoulder peak, which could be attributed to the 7—z* transition
absorption of the thiophene rings in the PEDOT and P(3-

MTH) moieties. As a result, the film has a reddish brown
color.*" Upon doping at +1.2 V, the PEDOT—P(3-MTH) film
showed a red-shift in its absorption because of the absorption
of charge carrier bands,*! giving rise to a bluish green color.
Therefore, the PEDOT—P(3-MTH) film exhibited an electro-
responsive, switchable wettability surface, the wettability state
of which could be easily judged by its color.

3.6. Electro-Wetting Device. On the basis of the electro-
wetting properties of the PEDOT—P(3-MTH) film, we
designed a simple in situ electro-wetting device to explore the
application of such a conductive polymer film (Figure 8a).**
At the beginning, a water droplet (15 yL) containing 0.2 M
LiCLO, on the film in the electro-wetting device exhibits a high
contact angle greater than 150° (Figure 8b, first image). When
we applied the potential of +1.5 V between the water droplet
and the superhydrophobic film, the wettability of the film
underneath the water continuously transformed from super-
hydrophobicity to hydrophobicity, with time prolonging
(Figure 8b). If we ignore the effect of the electrolyte on
WCA, we believe the water droplet on this film to be in Cassie’s
superhydrophobic state, because there was only little liquid—
solid contact area due to the presence of an air cushion.>"*>*®
When a potential of +1.5 V was applied, migration of the charge
carrier (including an electron moving out and ClO,” moving
in) on the liquid—solid contact location occurred, accompany-
ing an electrochemical (doped) process. The change in the
chemical component on the liquid—solid contact location leads
to the wettability change. The water droplet permeated the
porous film under potential (Figure 8b and Movie S2,
Supporting Information). After we applied potential for 400
s, the water droplet on the film had a small contact angle less
than 35° (Figure 8b, last image). Figure 8c shows a large
wetting ring after the voltage was applied for 400 s. In the
wetting ring, the film experienced complete wetting. If we
applied a reverse potential of —1.5 V for 10 s, the color of the
wetting ring changed from bluish green to reddish brown
(Figure 8d). However, its wettability state was not recovered in
the acceptable range of time.

4. CONCLUSION

An electro-responsive porous structured polythiophene film
showing reversible switching of wettability between super-
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hydrophobicity and superhydrophilicity has been successfully
prepared. The highly porous polythiophene film, composed of a
layer of P(3-MTH) applied to underlying PEDOT, was
synthesized on an ITO substrate by a two-step electro-
deposition method. The wettability switching of this film
between superhydrophobicity and superhydrophilicity could be
realized by electrochemical doping and dedoping. The
superhydrophobicity with WCA > 150° in the dedoped state
and superhydrophilicity with WCA = 0° in the doped state of
the polythiophene film could be repeatedly attained by
alternately applying potentials of —0.2 and +1.2 V, respectively.
Notably, the wettability state could also be judged by the color
of the film. A simple device was designed for exhibition of its
elctro-wetting property. This large-area smart surface with rapid
wettability switching may potentially be applied in academic
and industrial contexts.
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