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Drop manipulation on hydrophobic surfaces is of importance in lab-on-a-chip applications. Recently,

superhydrophobic surface-assisted lab-on-a-chips have attracted significant attention from researchers

due to their advantages of contamination resistance and low adhesion between the drop and the surface

during manipulation. However, control over both static and dynamic interactions between a drop and a

superhydrophobic surface has been rarely achieved. In this study, we designed an electric-field-dependent

liquid-dielectrophoresis force to manipulate a drop on a superhydrophobic surface. This type of control

has been found to be fast in response, bio-friendly, convenient, repeatable, and energy efficient. Moreover,

the adhesion force and rebounding for both the static and the dynamic interactions between the drop and

the surface under an electric field have been explored. It was found that the adhesion force could be re-

versibly tuned three-fold without breaking the Cassie–Baxter state. Rebounding experiments showed a

close to linear relation between energy dissipation and the applied voltage. This relation was used to tune

the on-demand behaviors of a drop on a surface in a proof-of-concept experiment for drop sorting. This

electric-field-dependent drop manipulation may have potential applications in digital microfluidics, micro-

reactors and advanced lab-on-a-drop platforms.

1. Introduction

Control over the interactions of drops on surfaces is essential
for not only the basic understanding of various processes,
ranging from daily life to cooling and coating,1–3 but also a
variety of viable applications such as in digital
microfluidics.4–7 Recently, due to their excellent liquid-
repellence, superhydrophobic surfaces have received signifi-
cant attention as a promising substrate for controlling the be-
haviors of drops.8–11 In recent years, the dynamic behaviour,
including rebounding, jumping, self-cleaning, and cooling,
and the interactions between the drop and the super-
hydrophobic surface have been extensively studied;12–15 how-
ever, these surfaces have constant wetting properties over a
certain period of time that restrict the real-time tunable wetta-
bility of these surfaces after fabrication. In practical applica-

tions, such as in digital microfluidics, active control of the
wettability is more desirable. Although extensive studies have
been reported on superhydrophobic surfaces with static wet-
ting properties, dynamic and reversible control over the wetta-
bility of these surfaces have been less often studied.

To actively control the interactions between the drop and
the surface, which are mainly determined by the wettability
of the surface, the development of adaptive and intelligent
superhydrophobic surfaces is desired. Extensive strategies, in-
cluding regulations of chemical composition and structural
roughness16–19 and external stimulation to conquer the en-
ergy barrier,20–24 have been reported to design and fabricate
smart surfaces with adjustable wettability. Compared to the
passive method of changing the surface properties, external
stimulation is of significant value for actively controlling the
drop behavior in the process. Heat,24,25 light,22,26 pH,24 mag-
netic field,23,27 and electric field21,28–30 have been commonly
used as external stimuli in the regulation of surface wettabil-
ity. Among them, electrowetting, generated from an electric
field, stands out due to its reliability, high efficiency, and fast
response.21,29–31 Through the movement of free charge,
electrowetting modulates the contact angle and thus actuates
the drop. The variation of the contact angle (φ) in response
to the applied voltage (U) is generally described by the
Young–Lippmann equation (cosφ = cos φeq + CU2/2γ).30

Herein, φeq is the equilibrium contact angle at zero voltage, C
is the capacitance per unit area, and γ is the surface tension
of the liquid. With good stability in the modulation of the

1296 | Lab Chip, 2019, 19, 1296–1304 This journal is © The Royal Society of Chemistry 2019

a Institute of Fundamental and Frontier Sciences, University of Electronic Science

and Technology of China, Chengdu, China. E-mail: dengxu@uestc.edu.cn
b School of Energy and Power Engineering, Jiangsu University, Zhenjiang, China
cMing Wai Lau Centre for Reparative Medicine, Karolinska Institute, Hong Kong,

China
d School of Physics, University of Electronic Science and Technology of China,

Chengdu, China
e Institute of Applied Mechanics, National Taiwan University, Taipei, 106, Taiwan.

E-mail: hrjiang@iam.ntu.edu.tw

† Electronic supplementary information (ESI) available. See DOI: 10.1039/
c8lc01403e

Pu
bl

is
he

d 
on

 2
5 

2 
20

19
. D

ow
nl

oa
de

d 
by

 F
ai

l O
pe

n 
on

 2
02

5-
05

-0
7 

 3
:2

4:
08

. 

View Article Online
View Journal  | View Issue

http://crossmark.crossref.org/dialog/?doi=10.1039/c8lc01403e&domain=pdf&date_stamp=2019-03-21
http://orcid.org/0000-0002-6339-1550
http://orcid.org/0000-0002-9659-0417
https://doi.org/10.1039/c8lc01403e
https://pubs.rsc.org/en/journals/journal/LC
https://pubs.rsc.org/en/journals/journal/LC?issueid=LC019007


Lab Chip, 2019, 19, 1296–1304 | 1297This journal is © The Royal Society of Chemistry 2019

contact angle, electrowetting has been widely applied in ap-
plications such as in electronic displays, adaptive optical
lenses, and microfluidics;32–34 despite the merits of electro-
wetting, the requirement of conducting liquids and the direct
contact between the liquid and electrodes may limit the ap-
plications of electrowetting, especially in the dynamic manip-
ulation of liquid drops. Therefore, it is highly desirable to
fabricate customized surfaces with the ability to statically
and dynamically realize the on-demand behaviors of drops.

Recently, dielectrowetting has been proposed and demon-
strated under different conditions mainly for contact angle
actuation.28,35–37 In the case of interdigitated finger
electrodes underneath an insulating layer, dielectrowetting
employs a non-uniform electric field, which penetrates the
layer until the liquid drop, to generate a liquid-
dielectrophoresis (L-DEP) force by the polarization of neutral
matter.35,36 Unlike electrowetting, dielectrowetting is inde-
pendent of the liquid conductivity and thus can be used to
control the contact angle of the drop in a number of applica-
tions in microfluidics.28,36,38 However, compared to the exten-
sive studies reported on contact angle manipulation on a
smooth hydrophobic surface, few studies have been
attempted to exploit dielectrowetting on a superhydrophobic
surface.

In this study, we report an intelligent superhydrophobic
surface with on-demand adjustable wettability controlled by
dielectrowetting. An electric-field-dependent L-DEP force was
harnessed to control the interaction between the drop and
the superhydrophobic surfaces. Taking advantages of the
superhydrophobic surface and dielectrowetting, we showed
that both the adhesion force and the rebounding of the drop
could be efficiently tuned on a superhydrophobic surface by

the actuation voltage of 0–49 V. To demonstrate the possible
applications of dielectrowetting on superhydrophobic sur-
faces, we have demonstrated a proof-of-concept experiment
of drop sorting, which may have potential applications in dig-
ital microfluidics, micro-reactors and advanced lab-on-a-drop
platforms.

2. Experimental
2.1. Design of the superhydrophobic interdigitated array
(IDA) chips

The schematic of the experimental setup is shown in
Fig. 1a. An IDA chip (MECART, China) was coated with a
superhydrophobic coating, which was made by chemical va-
por deposition of silica on candle soot followed by fluorina-
tion as previously reported.8 Briefly, candle soot, consisting
of carbon particles, was finely deposited on the chip by
holding the substrate above the flame of a paraffin candle.
The soot layer was then coated by a silica shell via chemical
vapor deposition (CVD) using tetraethoxysilane (Sigma Al-
drich, 98%) and an aqueous ammonia solution (TCI, 28%).
After the silica shell was coated, the carbon core was re-
moved by plasma. To reduce the surface energy, the surface
was coated with trichloro(1H,1H,2H,2H-perfluorooctyl)silane
(Sigma Aldrich, 97%) by CVD. The superhydrophobic surface
featured the water apparent contact angle of 166° ± 1° and a
roll-off angle less than 5°. The IDA chip was constructed by
25 sets of interdigitated gold finger electrodes with a thick-
ness of 100 nm on the silicon substrate (6 × 4 mm). Both
the width and spacing of the electrodes were 40 μm. Then,
a superhydrophobic coating with a thickness of 10 μm was
integrated on the chip (Fig. S1†). The morphology of the

Fig. 1 Experimental setup. (a) Schematic of the IDA electrodes covered with the superhydrophobic coating. (b) Scanning electron microscopy
(SEM) images of the superhydrophobic coating. (c) Side view of the IDA chip under an electric field.
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superhydrophobic surface was characterized by a scanning
electron microscope (FEI, Inspect F50, Japan). The coating
featured nano-sized particles with an outer radius of ∼60
nm and porosity with an average pore space of ∼1 μm
(Fig. 1b).

2.2. Generation of the electric field

To generate a non-uniform electric field between the finger
electrodes, alternating current (AC) voltages were supplied to
the circuit (Fig. 1a and c), allowing deeper penetration of the
electric field into the liquid than the DC voltages.28 A sinusoi-
dal signal was generated at the frequency of 1 kHz by a func-
tion generator (Tektronix, AWG 520, USA) and amplified by
an amplifier (NF corporation, HSA4011, Japan). Voltages
(root-mean-square values) ranging from 0 to 49 V were used
throughout the experiments. When a voltage was applied, a
highly localized electric field (Fig. 1c) was generated above
the electrodes.36,39 Note that the dielectrowetting system is
open circuit, and thus, the current is negligible; this makes
the device energy efficient.

2.3. Adhesion force, apparent contact angle, and roll-off angle
measurement

The adhesion force (Fa) was measured using a high-
sensitivity microelectromechanical balance system (Data-
Physics, K100C, Germany). A 3 μL deionized (DI) water drop
was suspended on a needle (0.5 mm in outer diameter),
which was connected to a force sensor. The super-
hydrophobic IDA chip was placed on a horizontal table un-
derneath the drop. During the measurement of the adhesion
force, the IDA chip was slowly moved upward such that it
contacted the water drop and then moved down at the con-
stant speed of 0.02 mm s−1; during this process, the
balancing force gradually increased to its maximum and then
sharply reduced to zero. The maximum force before detach-
ment was marked as the adhesion force. The apparent con-
tact angle (φa) and roll-off angle (φr) were measured via the
Data-Physics OCA 50 contact angle system using a 5 μL water
drop. All the experiments were conducted at ambient temper-
ature and repeated at least three times.

2.4. Drop rebounding experiments

The superhydrophobic IDA chip was positioned on a horizon-
tal stage. A 3 μL water drop impacted the superhydrophobic
surface, and the velocity (v) changed from 0.2 to 0.4 m s−1;
moreover, the corresponding Weber number (We = ρDv2/γ)
changed from 1 to 4, where ρ, D and γ are the density, diame-
ter and surface tension of the droplet, respectively. The im-
pact process was investigated using a high-speed camera
(Photron, Fastcam, Japan) at 5000 fps. The obtained videos
were further processed using the custom-programmed
MATLAB (Math_Works Inc., USA) algorithm.

2.5. Simulation of the electric field

Simulation of the electric field was conducted using the com-
mercial software COMSOL Multiphysics (Version 5.3a). The
dimensions used in the simulation were exactly the same as
those used in the fabrication (Fig. 1c, Fig. S2†). A vertical
plane at the center of the water drop was selected as the com-
putational domain (please refer to Fig. S2† for details of the
simulation). The physical properties of the materials used in
the simulation are summarized in Table S1.†

3. Results and discussion
3.1. Manipulation of the static interaction between the drop
and the surface under an electric field

To demonstrate the capacity of the device to control the adhe-
sion force (Fa), we first measured Fa in response to a series of
voltages. A schematic of the adhesion force measurement can
be found in Fig. 2a and Video S1.† The adhesion force at zero
voltage was around 7 μN, consistent with the small adhesion
force on superhydrophobic surfaces reported in other stud-
ies.8 The adhesion force monotonically increased when the
voltage was elevated and reached almost three-fold at 49 V
(Fig. 2b). The images in Fig. 2b show a comparison of the
drop profiles upon detachment at the voltages of 0 V, 21 V,
and 42 V. The force exerted on the droplet is reflected by the
shape of the drop. Without voltage, the drop slightly de-
formed; this indicated a small hysteresis of the interaction be-
tween the drop and the surface. By increasing the applied
voltage, the detaching force as well as the detaching distance
increased; this was indicated by the deformation of the drop.
Although there was a significant increase in the adhesion
force, the apparent contact angle (φa) only slightly decreased
from 166° at 0 V to 159° at 49 V (Fig. 2c). This monotonic in-
crease in the adhesion force and slight decrease in the appar-
ent contact angle suggested that the adhesion force could be
modulated from 7 μN to 21 μN by a relatively low voltage, i.e.,
49 V. The roll-off angles in response to the voltage (Fig. 2c)
followed the same trend of the adhesion force curve, reaching
a maximum value close to 11° at the voltage of 49 V. This was
not unexpected since the increasing L-DEP force derived from
the electric field contributed to the growth of the roll-off an-
gle, namely, the hysteresis of the contact angle. Notably, the
manipulation of the adhesion force under the applied voltage
was reversible (Fig. 2d); this enabled the device to repeatedly
regulate the adhesion force in practical applications.

During the manipulation of the adhesion force, the elec-
tric field was mostly confined on the drop surface due to the
exponential decay in the water phase.36 We confirmed this by
simulating the electric field with a drop sitting on a super-
hydrophobic surface (Fig. 2e). The electric field was highly
confined inside the porous structure and hardly penetrated
inside the drop; this was is in accordance with the findings
reported in the literature.36,40 Since the drop only touched
the surface by a small area and the electric field only affected
the air-liquid surface of the trapped liquid at the contact
area, a negligible electric field penetrated the drop. This
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merit could be used to manipulate a drop with fragile load-
ing in potential applications such as in handling mammalian
cells or proteins.40

To illustrate local wetting in response to an electric field, a
drop trapping model is shown in Fig. 2f. The superhydrophobic
surface can be considered as aligned pillars of silica-coated soot
particles.8,41 The nano-sized particles feature an outer radius (r)
of ∼60 nm and an average pore space (dp–p) of ∼1 μm.41 At zero
voltage, because of surface roughness and low surface energy,
the drop only touched the top of the nanospheres, and a small
adhesion force was observed (Fig. 2b and f). The force (Fas) re-
quired to pull a single nanosphere out of the air–liquid interface
can be estimated from eqn (1).41,42

F ras  2 2
2 
cos (1)

where φ is the Young's contact angle. For a smooth fluorinated
silicon wafer, φ was measured to be 115°.8,41 Thus, Fas is esti-
mated to around 8 nN for water (γ = 72 mN m−1) without an ap-
plied voltage; this value is close to the value reported in the liter-
ature.41 When voltage was applied, the L-DEP force generated
from the IDA chip pulled the air-liquid interface into the po-

rous colloidal pillars, and the contact line slid down on the
nanospheres (Fig. 2f). The increase in the wetting area on the
nanospheres resulted in the reduction of the contact angle (φ)
and thus an increase in Fas (eqn 1). When the drop detached
from the nanoparticle-aligned surface, Fa could be considered
as the accumulation of the force from the particles along the
circumference (l = πDa) of the entire drop contact area.

Fa ∼ Fasl/dp−p (2)

Herein, Da is the drop diameter of the contact area before
detachment, which can be measured by analyzing the images
obtained upon the detachment of the drop. The measured di-
ameters in response to voltage can be found in Fig. S3.† The
diameter versus voltage curve features a relatively fast in-
crease, followed by a plateau once the voltage exceeds 21 V.
Thus, it can be predicted that the increase in the adhesion
force originates from the increase of the local adhesion force
and/or the detaching area. The contact angle on the nano-
sphere decreased as the applied voltage increased, which had
the same tendency on a smooth flat surface.36 However,
rather than being confined in two dimensions in the case of
a flat surface, a portion of the drop penetrated inside the

Fig. 2 Static interactions between a drop and surface under an electric field. (a) Adhesion force measurement. (b) Adhesion force of the drop on
the superhydrophobic surface at different applied voltages. Insets show the images of the drops obtained upon detachment at the voltages of 0 V,
21 V, and 42 V. (c) Apparent contact angle and roll-off angle of the drop in response to the applied voltages. (d) Repeatability of the adhesion force
under an electric field. (e) Numerical simulation of the electric potential field lines. The voltage applied on the electrodes was 35 V. (f) Schematic
of the drop impalement under an electric field.
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structure at elevated voltages in the case of a porous surface
(Fig. 2f).

Although φ significantly reduced, the surface maintained
the Cassie–Baxter state, which could be predicted from the
Cassie–Baxter equation.

cos φa = f1(cos φ + 1) − 1 (3)

where f1 is the solid fraction coefficient, which is geometric
and independent of any external energy applied to the drop.
For the superhydrophobic surface used herein, f1 can be esti-
mated from the correlation between cos φa and cos φ at zero
voltage by eqn (3). Since φa = 166° and φ = 115° at zero volt-
age, f1 was calculated as 0.05.

Based on the abovementioned analysis, we could establish
a relation between the L-DEP force and the adhesion force.
The L-DEP force results in two effects: it makes the contact
line slide down along the nanospheres (reducing the contact
angle) or leads to the spreading of the drop on the surface
(increasing the detaching area). Both the effects increase the
contact area between the liquid and the surface; this results
in an increase in the adhesion force. Although there was a
significant increase in the adhesion force, the surface
retained its superhydrophobicity because the drop did not
transition to the Wenzel state. The energy barrier required to
overcome the transition was not reached since a limited volt-
age was applied. With the reduction of the contact angle on

the nanospheres by the L-DEP force, the drop transitioned to
a metastable Cassie–Baxter state. This metastable state will,
however, collapse if the liquid further advances and
completely covers the particles at higher voltages; this leads
to a thoroughly wetted interface (the Wenzel state). For prac-
tical actuations, it is important to determine the maximum
reversible adhesion force under an electric field. The break-
ing of the Cassie–Baxter state can be estimated from a
completely immersed particle, i.e., φ = 0°. From eqn (1) and
(2), the theoretical maximum adhesion force on a single par-
ticle was estimated to be 27 nN, and the corresponding adhe-
sion force was around 35 μN supposing that the contact area
at detachment remained unchanged. This is the maximum
adhesion force that can be reached by an electric field in the
metastable Cassie–Baxter state. However, the nanospheres in
reality are mostly randomly arranged with inhomogeneous
heights and positions; this makes the maximum adhesion
force smaller than the predicted value.

3.2. Manipulation of the dynamic interaction between the
drop and the surface under an electric field

Taking advantage of the effective adhesion force modulation
under an electric field, active control of the dynamic behav-
ior, i.e., the rebounding of the drop, of the drop was realized
on the superhydrophobic surface. The images of the
rebounding drops, as depicted in Fig. 3a, demonstrate the

Fig. 3 Dynamic interactions between the drop and surface under an electric field. (a) The images of the rebounding drops with/without applying
the voltages on the electrodes. (b) The trajectories of the drops at 0 V, 21 V, and 42 V. (c) The coefficient of restitution as a function of voltage at
We = 1 and 4. (d) Diameter ratio as a function of time at various voltages ranging from 0 V to 42 V.
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influence of the electric field on the drop impact. In this
case, the impact velocity of the drop was 0.2 m s−1, and the
corresponding We was equal to unity. Without the applied
voltage, after the drop released, the drop impacted the sur-
face and smoothly rebounded (Video S2†); this was consistent
with the results reported in other studies.8 When a voltage
(i.e. 42 V) was applied to the chip, the chip became sticky to
the drop. A tail was observed during the rebounding process
(Fig. 3a, Video S2†). This sticky effect indicated that an
attracting force was exerted on the drop during the impact.

To quantify the effect of the electric field on drop
rebounding, the time series of the rebounding drops was an-
alyzed by the trajectories of the drop centroid (Fig. 3b).
Without an external field, the drop rebounded several times,
and the amplitude of rebounding slightly decreased with an
increase in the number of rebounding cycles; this indicated
that a small amount of energy dissipated during the impact.
When the applied voltage was increased, the amplitude in
each corresponding rebounding cycle as well as the period
of that cycle decreased. The drop only rebounded twice in
the case of 42 V. Note that the small oscillation at 42 V rep-
resents the oscillation of the drop rather than the
rebounding (Fig. 3b, Video S2†). The reduction of the ampli-
tude indicated that an increasing amount of energy was lost
during rebounding at elevated voltages.

To quantify the energy loss, the coefficient of restitution
(ε = vr/v) in the first rebounding was measured (Fig. 3c).
Herein, vr is the velocity directly after rebounding. Because
the impacting velocity would change the coefficient of resti-
tution, two different initial heights, i.e. 3 mm and 9 mm,
were tested in the experiments (Videos S2 and S3†). The cor-
responding We is equal to 1 and 4. The rebounding of a
drop on a superhydrophobic coating has been previously
studied.12,13 The higher coefficient of restitution at the lower
initial height agrees with the previous study.12 For We = 1, ε
significantly decreased from 0.91 at 0 V to 0.65 at 49 V.
When We increased to 4, a smaller effect of the electric field
on the energy dissipation was observed. ε decreased only by
0.05, namely, from 0.7 to 0.65, when a voltage of 49 V was
applied. Notably, the decreasing speeds of ε in both cases are
close to constants, indicated by the dashed line shown in
Fig. 3c. The monotonic reduction of ε indicates that the vari-
ation of the electric field is an ideal method to tune the drop
rebounding.

To verify the effect of the electric field on the rebounding,
we further investigated the contact diameter ratio (Cr = Dc/D0)
at the first rebounding at various voltages ranging from 0 V
to 42 V. Herein, Dc is the contact diameter of the drop, and
D0 is the diameter of the impacting drop. The contact diame-
ter of the drop reflects the energy dissipation of the

Fig. 4 Repeatability and influence of the experimental conditions on the rebounding. (a) Reversible effect of the electric field on the rebounding.
(b–d) Influence of frequency, the width of electrodes, and the type of waveform on the restitution coefficient of rebounding.
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impacting drop in the spreading and retraction dynamics. As
shown in Fig. 3d, the electric field imposes a relatively small
influence on the spreading stage. The curves obtained at dif-
ferent voltages are almost identical. However, the retraction
dynamics show a pronounced dependence on the applied
voltage; this is reflected by the change in the retraction
speed. The slope increased from −0.33 to −0.21 when the volt-
age was increased from 0 V to 42 V. The conclusions drawn
from Fig. 3d are at least threefold. First, the small influence
of the electric field on the spreading phase indicates that the
L-DEP force only occurs once the drop interacts with the
porous-structured surface. This finding is not unexpected
since the electric field highly confines itself inside the super-
hydrophobic coating and decays fast while penetrating above.
This is in accordance with the findings obtained via the ad-
hesion force analysis. Second, the growing retraction rate
with the increasing voltage indicates that a higher adhesion
force is imposed on the liquid surface during the receding
phase. The accumulative effect of the electric field leads to
an increase in the contact time and a reduction of vr. This
outcome is finally reflected by the decrease in the
rebounding high; this makes the variation of the electric field
an effective method for tuning the drop rebounding. Third,
the imposed force is found to be uniform along the surface;
this is reflected by the close to constant retraction rate. This
uniform effect ensures a consistent response in the drop
rebounding, making this electric-field-based tuning of the
drop rebounding a reliable method.

For practical applications, it is important to consider the
reversible response as well as the experimental conditions in
the electric-field-dependent tuning of the drop rebounding
(Fig. 4). Similar to the reversible effect of the electric field on
the adhesion force, the rebounding of the drop was also
found to be repeatable (Fig. 4a). The experimental conditions,
such as the width of electrodes, the frequency of the applied
voltages, and the type of waveforms, could have an influence
on the rebounding.28,43 To verify this, we investigated the
rebounding coefficient under different conditions. The results
are summarized in Fig. 4b–d. The rebounding coefficient ver-
sus voltage curve for different widths of the electrodes and
waveforms are almost identical; this indicates that the width
of the electrodes and the type of the waveforms have negligi-
ble effects on the rebounding. On the other hand, the
rebounding was sensitive to the frequency of the waveform.
High-energy dissipation was found when the frequency was
below 1 kHz. The frequency-dependent effect is in line with
the results reported in the literature.43 However, large errors
were found when the frequency was below 100 Hz. This find-
ing is not unexpected since the contact time of the drop on
the superhydrophobic surface is close to 10 ms, and a fre-
quency below 100 Hz indicates that the rebounding finishes
within a single period. The change in the voltage magnitude
introduces large deviations in the measured coefficient of res-
titution. Thus, the results reported herein were obtained un-
der the following conditions: the electrode width of 40 μm, si-
nusoidal waveform, and the frequency of 1 kHz.

Fig. 5 Demonstration of electric-field dependent drop selector. (a) Drop bouncing distance as a function of the applied voltages. (b) Schematic of
the IDA electrodes covered with the superhydrophobic coating for potential application in drop selections. (c) Time-lapsed images of the water
drop bouncing on a tilted superhydrophobic coating with IDA electrodes at zero voltages. The drop jumped at a certain distance, with trajectories
indicated by the red dash line, and finally fell into a channel placed in front of the chip. (d) The rebounding of the drop at the voltage of 56 V. The
jumping distance decreased, and the drop fell into another channel closer to the chip.
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3.3. Demonstration of the drop selector

To demonstrate the applications of dielectrowetting on the
superhydrophobic surface, we performed a proof-of-concept
experiment of drop sorting. A drop of water was released into
a tilted superhydrophobic coating with IDA electrodes. The
slope of the surface was optimized to 20° (Fig. S4†). We
showed that even relatively small voltages (0–56 V) applied to
the IDA could significantly change the jumping distance
(Fig. 5a). Based on the monotonic relation between the
jumping distance and the applied voltage, a collecting device
was added to separate different drops with different jumping
distances (Fig. 5b). The time-lapsed images of drop
rebounding on an electric-field-controlled tilted super-
hydrophobic IDA chip (Fig. 5c and d) show the capacity of
this device to separate the drops. Without the applied volt-
age, the drop jumped at a certain distance and finally fell
into a channel placed in front of the chip. In contrast, the
jumping distance of the drop significantly decreased at the
voltage of 56 V, and the drop fell into another channel closer
to the chip. A video, demonstrating the reproducibility of the
separating drops, can be found in Video S4.† Due to the fast
response, the small amplitude of the voltage, the non-contact
of electrodes, and the superhydrophobic property of the sys-
tem, the device can easily be applied to biological samples in
diverse applications.

4. Conclusion

Herein, we proposed a new method to actively control the be-
haviors of a drop on a superhydrophobic surface by
dielectrowetting at low voltages. The adhesion force and the
coefficient of restitution curve were measured to elucidate
the static and dynamic interactions between the drop and the
surface. The adhesion force range can be reversibly tuned in
the order of 15 μN at the voltage of 49 V. The modulation of
the adhesion force can be easily extended to applications in
digital microfluidics such as in transferring the drops, guid-
ing the drop movement, and trapping the drops at desired
places. We also demonstrated a contactless and fast response
strategy to tune the drop rebounding dynamics. A monotonic
relation between the coefficient of restitution and the voltage
was established and used in a proof-of-concept drop selector.
This low voltage response and all superhydrophobic condi-
tion by dielectrowetting may enable new applications in lab-
on-drop platforms.
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