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ABSTRACT: The shape and motion of drops on surfaces is
governed by the balance between the driving and the pinning
forces. Here we demonstrate control over the motion of
droplets on an inclined surface by exerting control over the
contact angle hysteresis. The external modulation of contact
angle hysteresis is achieved through a voltage-induced local
molecular reorganization within the surface film at the solid−
liquid interface. We show that tuning contact angle hysteresis
alone is sufficient to direct and deform drops when subjected
to a constant external driving force, here gravity, in the absence
of a pre-defined surface energy gradient or pattern. We also show that the observed stretching and contraction of the drops
mimic the motion of an inchworm. Such reversible manipulation of the pinning forces could be an attractive means to direct
drops, especially with the dominance of surface forces at micro-/nanoscale.
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■ INTRODUCTION
The dominance of surface properties at the micro-/nanoscale
has opened the door for the use of surface energy as a means to
manipulate fluid droplets.1−3 To manipulate droplets, the
fluid−surface interactions need to respond in real time to an
external stimulus4−9 and to experience a surface energy
gradient10−13 in the direction of motion. Hard-coded surface
energy gradients for drop motion can be designed via local
variations in chemistry,9,10,14 topography,15−17 electric field,4,5

or temperature,18,19 but motion is often hindered by contact
angle hysteresis. Limitations due to contact angle hysteresis can
be addressed by using small perturbations11,13,16,20−24 to
provide sufficient energy to overcome contact angle hysteresis
and, as a consequence, facilitate the manipulation of droplets on
a pre-existing surface gradient. Unlike pre-defined hard-coded
surface energy gradients, surfaces with tunable contact angle
hysteresis could display enhanced versatility, as they would not
require a separate design of the surface energy gradient for
different devices. In addition, modulating contact angle
hysteresis on demand could lead to the study of ongoing
issues in interfacial science, such as drop motion on
heterogeneous surfaces, the pinning of drops on surfaces, and
the origin of contact angle hysteresis.
Contact angle hysteresis is a manifestation of the pinning of

the triple contact line of drops on surfaces and leads to a
threshold force that must be overcome for the initiation of drop
motion.25,26 For instance, the presence of contact angle
hysteresis leads to the appearance of a non-zero critical tilt
angle (ϕc) for a drop to slide down an inclined plane due to
gravity (Figure 1a). At this critical tilt angle, the component of

the gravitational force along the incline (Fg = mg sin ϕc)
balances the pinning force (Fp = γLVw[cos θrec − cos θadv]),
where mg is the gravitational force, γLV is the liquid−vapor
surface tension, w is the width of the drop perpendicular to
motion , and θadv and θrec are the advancing and receding
contact angles, respectively.27,28 Consider a drop with Bo =
gravity/surface tension = (ρglc

2 sin ϕ)/γLV > 1 placed on an
inclined surface with arbitrary contact angle hysteresis, where ρ
is the density of the liquid, lc is the characteristic length of the
droplet, and ϕ is the tilt angle.29 The gravitational force will
deform the drop such that it acquires a larger contact angle at
the front end (θ1) than at the rear end (θ2). As long as θ1 < θadv
and θ2 > θrec, the drop remains stationary as gravity is not
sufficient to overcome the pinning force. At the critical tilt angle
for incipient drop motion the values of the contact angles
correspond to the advancing angle at the front end and the
receding angle at the rear end, and the whole drop accelerates
as it slides down the incline. Therefore, balance of the pinning
and gravitational force dictates the critical tilt angle required to
initiate the motion of droplets.
Here we demonstrate a different mechanism whereby the

motion of droplets on an inclined surface, when subjected to a
uniform force field (here gravity at a fixed tilt angle), is
controlled by tuning the contact angle hysteresis. The
modulation of contact angle hysteresis is achieved by a local
molecular reorganization at the solid−liquid interface in
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response to an electric potential without any pre-defined
patterned electrodes. We also demonstrate that modulation of
contact angle hysteresis can be employed to stretch and
contract a droplet such that its motion mimics the locomotion
of an inchworm and that the observed inchworm motion can be
understood in terms of pinning of the front or rear end of the
drops as they slide down the incline. By demonstrating how
external modulation of contact angle hysteresis influences drop
motion, we present an alternative and fundamentally different
strategy to move drops on surfaces that requires no hard-coded
patterns or pre-defined surface energy gradients.

■ EXPERIMENTAL METHODS
Materials. 16-Mercaptohexadecanoic acid (MHA, 99.8%), carbon

tetrachloride (99.99%), potassium chloride (99.0%), potassium
perchlorate (99%), acetonitrile (99%), and tetrapentylammonium
hydroxide ([CH3(CH2)4]4N

+OH−, TPeAOH), received as 1 M
aqueous solution, were used as received from Sigma-Aldrich. Dimethyl
sulfoxide, KOH pellets, HCl, H2SO4, and H2O2 were purchased from
Fisher Scientific. Mica sheets were obtained from S&J Trading. Gold
wire (99.99%) was purchased from Kurt J. Lesker. Chromium
(99.99%) was purchased from Alfa Aesar. Ethanol (200 Proof) was
used as received from Warner-Graham Co. Purified water (18.3
MΩ·cm) was obtained from a Milli-Q Gradient system.
Synthesis of Responsive Monolayers. The responsive mono-

layer consists of low-density mercaptohexadecanoic acid (LD-MHA).
The films were obtained by performing ion-exchange of monolayers
made from ion pairs of tetrapentylammonium and mercaptohex-
adecanoic acid. The solution condition followed for the formation of
the ion-pair monolayers is described in our previous work30−32 with
the only difference being the use of a higher ratio of TPeAOH/MHA
(6:1 vs. 4:1) to facilitate ion-pair formation. The LD-MHA monolayers
obtained were characterized via IR spectroscopy and contact angle
measurements.
Control of Applied Potential. A standard three electrode

arrangement was used to set the applied potential on the LD-MHA
covered surface. In this arrangement, the LD-MHA/gold substrate
acted as the working electrode, a Ag/AgCl wire was used as a reference
electrode, and a platinum wire was used as the counter electrode. The
potential of the gold substrate, relative to the Ag/AgCl wire, was
controlled using a CHI 650B electrochemical workstation (CH
Instruments). The potential was switched either between −0.30 V
(reported as negative potential in the text) and 0.20 V (reported as
positive potential in the text) or between −0.34 V and 0.26 V with
respect to the pseudo Ag/AgCl reference electrode. The potential of
the pseudo reference electrode was measured to be 0.20 ± 0.02 V with
respect to a standard Ag/AgCl(3M) reference electrode.
Dynamic Contact Angle Measurements. Advancing and

receding contact angle measurements at different applied potentials
were performed at room temperature with a liquid drop of 1 mM KCl

with 25% acetonitrile (v/v) at pH 11 (pH was adjusted with KOH) by
the captive drop technique.33 Expansion and contraction of the droplet
at a rate of 6 μL/min was achieved using a syringe pump (World
Precision Instruments) via a glass capillary inserted in the drop (the
working and counter electrodes were inserted in the glass capillary).
Receding and advancing contact angles were denoted as the angles
right before the three-phase contact line receded or advanced over the
surface, respectively (see Figure 2a). Prior to measurements, samples
were rinsed with ethanol, followed by a brief rinse with Milli-Q water,
and dried with a stream of nitrogen gas prior to measurement. Values
for the advancing and receding angles given are averaged from at least
nine locations on three samples; at least three measurements were
made on each location. All the values are reported as average ±
standard deviations.

Experimental Setup for Drop Motion Experiments. The LD-
MHA covered gold substrate was mounted on a homemade plate with
two parallel wires above the gold surface: the Ag/AgCl reference and
the Pt counter electrode (see Supporting Information, Figure S1). The
plate was placed on a homemade device with a microcontroller to
adjust tilt angles. Before and between experiments, the surfaces were
cleaned with ethanol, followed by a brief rinse with Milli-Q water, and
dried with a stream of nitrogen gas. Images of the droplet were taken
using a digital camera (Navitar 7000, Nikon) at a frame rate of 30 fps
and analyzed using ImageJ software.

Current Decay Measurements. Potential step measurements
were performed in 1 mM KCl with 25% acetonitrile (v/v, pH 11)
electrolyte solutions at room temperature after de-aerating the
electrolyte with water-saturated ultrapure nitrogen gas for 45 min.
The test samples were mounted to a flat-cell (Princeton Applied
Research), with a fixed working electrode area of 1 cm2, Ag/AgCl/3 M
KCl (aq) reference electrode (CH Instruments) and platinum mesh
counter electrode. Evolution of current through the film was measured
at DC bias potentials +0.4 and −0.1 V with respect to the standard
calomel electrode (SCE), using a CHI 650B electrochemical
workstation (CH Instruments). After measurement, the time constant
was derived from exponential fits of the current−time decay. Reported
values represent the mean of measurements in five cycles.

■ RESULTS AND DISCUSSION
Measurements of Contact Angle Hysteresis. We

employ thin films that display large change in contact angle
hysteresis with applied potential. The surface chemistry consists
of a low-density self-assembled monolayer of mercaptohex-
adecanoic acid (LD-MHA) deposited on a smooth gold surface.
The surface coverage (i.e., the molecular footprint of an
individual MHA chain) estimated from desorption experiments
was found to be 0.57 ± 0.10 nm2/molecule.32 The
submonolayer surface coverage is obtained by sterically
hindering the packing of the MHA on the surface via ion-pair
formation in solution30 and results in enhanced conformational

Figure 1. (a) Drop on inclined plane at incipient motion. (b, c) Illustration of the change in drop shape due to potential-induced change in contact
angle hysteresis. Schematic illustration and picture of (b) the stretching of the drop due to the pinning of the rear end caused by an increase in CAH
when the potential is switched from positive to negative and (c) the contraction of a liquid drop due to a decrease in CAH when the potential goes
from negative to positive. Cycles of (b) and (c) lead to the drop “inchworm” crawling motion.
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freedom of the chains (see Figure 2a illustrating two different
conformations at two locations). This conformational freedom
allows the chains to rearrange with an applied potential and
leads to significant changes in the wettability of the
monolayers.30,31,34 Dynamic contact angle measurements
show that for the films employed here the contact angle
hysteresis reproducibly changes by 20 ± 1° upon a difference of
0.5 V in applied potential. In average the contact angle
hysteresis switches between 16 ± 1° at positive potential and 36
± 3° at negative potential. Our measurements also show that
the observed change in contact angle hysteresis is reproducible
for at least eight cycles (Figure 2b). For the two sets of
potential steps investigated here the change in contact angle
hysteresis was consistently at 20° (Table 1).

Most of the change in contact angle hysteresis comes from
changes in the receding angle (Δθrec = 31 ± 2° vs Δθadv = 9 ±
2°, see Table 1), which is consistent with contact line motion
on a smooth but chemically heterogeneous surface.34−36 While
we do not have pre-defined chemical heterogeneities on the
surface (or sudden change in surface roughness), we suspect
that the conformational freedom within the monolayer allows
the chains to adopt a different configuration at the solid−liquid
interface (higher energy) than at the solid-vapor interface
(lower energy) (see Figure 2a). In other terms, the surface
effectively becomes chemically heterogeneous when it is in
contact with a fluid, and the scale of this heterogeneity is the
size of the drop. Moreover, the conformational change at the
solid−liquid interface is modulated by the potential (while the
potential outside the drop is, to a large extent, unaffected by the
applied potential), and thus this modulation leads to a large
change in receding angle. It is interesting to note that we do
also observe a small but significant change in advancing angle
with applied potential, which has not been observed
previously.34 A better understanding of the dynamic of the
molecular reorganization with applied potential and how it
relates to the motion of the triple contact line is necessary to
explain this change.
The voltage-induced change in contact angle hysteresis is

quite different from the absence of change in contact angle
hysteresis observed in electrowetting (or electrowetting on
dielectric, EWOD).37 In EWOD it has been established that the
spreading of a drop with applied potential is observed (change
in the static contact angle) while the magnitude of the contact
angle hysteresis remains unaffected by the potential.38−40 This
is due to the fact that in EWOD the spreading of a drop on the
dielectric in response to the applied field is due to fringe fields
near the triple contact line, which results from the non-uniform
charge distribution and associated Maxwell stress. Furthermore,
in electrowetting the microscopic contact angle remains
constant and equal to the values bound by the contact angle
hysteresis under no applied potential, and it is only far from the
solid−liquid interface that the drop remains a spherical cap
whose apparent contact angle is described by the electrowetting
equation. Near the triple contact line the curvature diverges and
the microscopic contact angle remains between the advancing
and the receding angles as the applied potential changes.37,41−43

In constrast, the mechanism at play for the change in wetting
properties with applied potential in this work is a molecular

Figure 2. Measurement of advancing and receding contact angles and
contact angle hysteresis (CAH) on LD-SAMs using 1 mM KCl
electrolyte solution with acetonitrile (75:25 v/v at pH 11). (a)
Schematic illustration of advancing and receding contact angle
measurement setup. Inset shows how the LD-SAMs exposed within
the drop are more sensitive to external stimulus. (b) Reproducible
measurements of advancing contact angle, receding contact angle, and
CAH. Eight switching cycles between +0.20 V and −0.30 V are shown.
The drawn lines are to guide the eye.

Table 1. Measurement of Dynamic Contact Angle at Two
Similar Sets of Potentialsa

set 1 set 2

angles (deg) +0.26 V −0.34 V +0.2 V −0.3 V

θadv 80 ± 3 73 ± 2 75 ± 1 65 ± 2
θrec 62 ± 1 31 ± 2 59 ± 1 29 ± 2
CAH 19 ± 2 41 ± 3 16 ± 1 36 ± 3
ΔCAH 22 ± 3 20 ± 3

aThe result shown in Set 1 is the average from 42 advancing or
receding measurements on three samples, and the result in Set 2 is the
average from 36 measurements on five samples. At least three potential
switching cycles were performed on each sample, and three advancing
and receding angles were measured at each potential. The reported
CAH is the average of difference between advancing and receding
angles obtained from multiple measurements and samples. The
reported ΔCAH is the average of difference in CAH at two different
potentials obtained from multiple measurements and samples.
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rearrangement of the chains and not an electromechanical
stress forcing the drop to spread.31,34 As a consequence, for the
films employed here we observe no significant change in the
static contact angle and a significant change in contact angle
hysteresis as the potential is changed. Finally the mechanism for
contact angle change observed here is also fundamentally
different from other mechanisms aimed at overcoming
hysteresis using vibrations,11,13 electrical pulses,21 or high AC
frequency in electrowetting.22

Modulation of Contact Angle Hysteresis To Control
Drop Motion. We consider the scenario where the control of
contact angle hysteresis can be employed to direct drop
motion. Consider the case of the drop on an inclined plane
discussed in the Introduction. Instead of changing the tilt angle
here we control the pinning force instantaneously due to an
external trigger (here an applied potential) while the tilt angle is
fixed (constant driving force). A stimuli-dependent change in
the pinning force would effectively modify the critical tilt angle
for incipient drop motion, which in turn could alter drop
motion and cause drop deformation. While in many cases the
trigger would lead to no change in the drop’s state of motion,
more interestingly the stimulus can sometimes pin or free the
triple contact line at one or both ends of the drop (see Figure
1b,c). These changes can lead to four distinct macroscopic
outcomes for the drop caused by the change in contact angle
hysteresis. First, a near instantaneous arrest of a moving drop
will be observed if the front and rear end suddenly become
pinned. Second, an onset of drop sliding will be observed if a
stimulus frees both the front and the rear end of a stationary
drop. Third, stretching prior to drop arrest will occur if the rear
end of a drop becomes pinned while the front end is free. Such
behavior would be seen, for example, with a decrease in the
receding angle (Figure 1b). In that case the stretching would
lead to drop arrest as the contact angle at the front end will
ultimately decrease below the advancing angle. Finally,
contraction prior to motion will be observed if the rear end
is freed while the front end remains pinned (for example, when
the receding angle is increased, see Figure 1c). In this case the
contraction of the drop would lead to an increase in the contact
angle at the front end and ultimately lead to drop sliding when
the contact angle at the front end reaches the advancing angle.
Therefore, it is expected that tuning contact angle hysteresis
can lead to deformation (stretching or contraction) of a drop
which could trigger the onset of motion or arrest of a sliding
drop.
Our experiments with drops of Bo ∼ 3 confirm that external

control over the pinning force can indeed be employed to
initiate and impede drop motion on a homogeneous surface. A
drop of 30 μL placed on a plane tilted at 85° stays at rest at a
negative potential (Figure 3a) but slides down when the
polarity of the applied potential is switched to positive (Figure
3b). This observation demonstrates that contact angle
hysteresis can function as an “on-off” switch to control the
drop motion and is consistent with the measured reduction in
contact angle hysteresis when the applied potential is changed
from negative to positive values. Similarly, the modulation of
the pinning force can also impede the motion of a sliding drop
upon switching the potential from positive to negative values.
Unfortunately, the capillary force caused by the electrical wires
on top of the drop prevents a quantitative comparison with the
predicted change in critical tilt angle associated with the
independently measured change in pinning force. The first two
scenarios discussed earlier (instantaneous arrest or sliding of

the drop) cannot be observed with our surfaces as they require
the values of the advancing and receding angles to change in
opposite directions in response to the external stimulus (which
we do not observe). The predicted drop deformation (the third
and fourth scenario of drop response) caused by changing the
pinning force can be clearly observed in our experiments.
Figure 4 shows that by alternating the pinning force back and
forth between the two states the drop experiences significant
stretching and contraction as it responds to the switching
potential and slides down the inclined plane. Repeated
stretching and contraction of the drop as the potential is
reversibly switched makes the motion of the drop mimic the
crawling of an inchworm (see Figure 4a and Movie S1 in
Supporting Information).
The stretching, contraction, and overall motion of the drops

were characterized by monitoring the changes in their base
length and absolute positions at the front and rear ends (Figure
4b−d). At negative potentials the increase in the pinning forces
causes the drop to stretch and ultimately come to rest: the front
end advances, the rear end stays pinned, and the base length
increases (Figure 4b−d). At positive potentials we observe the
predicted contraction associated with a decrease in the pinning
force: there is motion of the rear end of the drop while the
front end is still pinned along with an overall decrease in base
length. An overall drop motion that would be associated with a
drop contraction is not observed for the case shown in Figure 4,
as the tilt angle and volume of the drop were selected to satisfy
the condition of incipient motion of the drop (zero
velocity).44,45 For larger drop volume or tilt angle the
gravitational force exceeds the pinning force, which leads to
net drop motion in the direction of driving force. In these cases
we observe sliding of the drop following (or during) the
contraction at positive potentials (see Movie S2 in Supporting
Information).
The drop experiences significant stretching and contraction

as it responds to the switching potential and slides down the
inclined plane (Figure 4a). The drop motion when changing
the applied potential resembles the crawling of an inchworm
(see Movie S1 in Supporting Information). Changes in the base
length and absolute positions of the front and rear end of the
drop have been used to characterize the drop stretching,
contraction, and overall motion (Figure 4b,d). The images
indicate that at positive potential the rear end of the drop
initially recedes towards the center of the drop (contraction)
and then stops moving. At negative potential, the front end of
the drop advances while the rear end stays pinned (stretching),
and eventually the drop stops moving (Figure 4b,d). The
stretching and contraction cycles can be repeated multiple
times, making the drop stop and go on demand on the surface.
Analysis of the drop base length indicates that the drop

Figure 3. Contact angle hysteresis as an “on-off” switch to initiate drop
motion. Pictures show (a) a drop (∼30 μL) that stays at rest on an 85°
incline when a negative potential is applied and (b) a drop of the same
volume slides when the potential is positive.
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stretching at negative potential causes it to decelerate and stop
unless the potential is switched back to a positive value (Figure
4c). In addition to controlling the drop motion on an inclined
surface, we have also shown that by changing CAH we can
control the drop motion in a closed channel device (Figure S2
in Supporting Information).
The entire motion of the drop occurs on a homogeneous

inclined surface without any hard-coded surface energy

gradient, patterned electrodes, or change in tilt angle when
subjected to a constant external driving force and is solely
driven by potential-induced changes in the contact angle
hysteresis caused by a molecular reorganization. The observed
features of Figure 4 can be attributed to the transition of the
droplet as it adapts to the change in contact angle hysteresis.
For θ1 < θadv and θ2 > θrec, the drop is stationary as gravity is
not sufficient to overcome the pinning force. At the critical tilt

Figure 4. In situ observation of a liquid drop continuous “inchworm” motion down an incline directed by changes in CAH. (a) Extracted frames at
10 s intervals show the stretching and contraction of the liquid drop. The liquid drop stays at rest at negative potential prior to switching to positive
potential at t = 0 s. The potential is switched alternatively between positive and negative at 10 s intervals; analysis of (b) front (red circles) and rear
(blue squares) end position, (c) velocity, and (d) base length (black circles in lower panel) at different times with 20 s switching intervals. The red
solid line represents the applied DC. The plateau indicates when the stretching and contraction are completed, and the shape of the drop reaches
steady-state (static or sliding). Here, pinning at either the front or rear end is defined as a zero velocity (Figure 4c).

Figure 5. (a) Time dependence of the relative change in base length at positive and negative potentials. Dashed lines are exponential fits to the data
with time constants of τ = 3.01 ± 0.32 s, R2 = 0.99 (positive applied potential), and of τ = 2.85 ± 0.34 s, R2 = 0.98 (negative applied potential).
(b)Time dependence of decay in charging current for an LD-MHA film upon switching between positive and negative potentials. Dashed lines are
exponential fits to the data with time constants of τ = 1.68 ± 0.03 s, R2 = 0.99 (switching from positive to negative applied potentials), and τ = 0.77
± 0.02 s, R2 = 0.99 (switching from negative to positive applied potentials).
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angle for motion, the equilibrium values of the contact angles
correspond to the advancing angle at the front end and the
receding angle at the rear end. Prior to steady state, however,
other configurations are accessible and have been observed in
our experiments. For θ1 < θadv and θ2 ≤ θrec, the rear end
retracts while the front end stays pinned, leading to drop
contraction at positive potential, while θ1 increases to θadv, at
which point the drop slides down the incline. Alternatively for
θ1 ≥ θadv and θ2 > θrec, the rear end stays pinned while the front
end of the drop advances, leading to drop stretching at negative
potential, and stretching stops when θ1 < θadv. In our
experiments, we reversibly switch between these two states by
altering the polarity of the applied potential, which means that
at one potential the drop slides and at another it stops while the
stretching and contraction are manifestations of the transition
between these two states.
The time scale associated with stretching or contraction in

response to the applied potential and switch time interval can
be interpreted in terms of interplay of surface forces and inertia.
For simplicity, we consider the case shown in Figure 4 where
the drop stops after both the stretching and the contraction
steps (i.e., incipient motion or zero velocity at positive
potential). For switching intervals greater than 10 s, the base
length changes by an average of 15 ± 3% for both stretching
and contraction, with an abrupt change of 3% within the first
second (Figure 5a). A small decrease in base length for the 20 s
switching interval is likely due to the evaporation of exposed
electrolyte solution drop during the measurement time
involved. The change in base length, ΔL, exhibits exponential
time dependence ΔL(t) = ΔLmax(1 − e−t/τ) with a time
constant τ = 3.0 ± 0.3 s. Interestingly, the characteristic time
scale for the change in base length is the same for both drop
stretching and contraction. The Weber number associated with
drop stretching or contraction is significantly less than unity
(We = ρv2l/γ = inertia/surface tension, We ∼ 10−5), implying
that capillarity dominates over inertia. It is also reasonable to
neglect viscous effect (time scale of visco-capillarity, ∼μs).39 A
dominance of capillarity means that the time scale for the
stretching and contraction is limited by the kinetics of the
potential-induced molecular reorganization of the films. As
such, the time scale is independent of the tilt angle and the
drop volume as long as the chosen conditions allow for the
drop to be at rest after stretching and contraction. To confirm
that molecular reorganization is the rate-limiting step, we
performed electrochemical measurement (potential steps) on
the LD-MHA film mounted inside an electrochemical cell and
measured the decay in the charging current upon switching the
applied bias between the two limiting values (Figure 5b). The
time constants obtained from the exponential fits of the current
decay (I(t) = I0e

−t/τ) were found to be 1.68 ± 0.03 s upon
switching from positive to negative applied potentials and 0.77
± 0.02 s upon switching from negative to positive applied
potentials, in reasonable agreement with the time constant for
switching of the film inferred from the stretching and
contraction of the drop on the inclined plane (Figure 5a).
The larger time constant obtained from the analysis of drop
motion (∼3 s from Figure 5a) could be due to the intrinsic
multi-step nature of the drop motion: time for molecular
reorganization, drop deformation, and motion and the time
necessary for the newly contacted SAM molecules to change
the conformation as the drop spreads. On the other hand, the
time constant from electrochemical potential-step measurement
only accounts for a single step (molecular reorganization in the

electrolyte solution). We have also performed a control
experiment on an MHA crystalline monolayer in the same
solution environment. The time constants were found to be
5.78 ± 0.01 ms upon switching the potential in both directions,
which is 3 orders of magnitude smaller than we observed on
low-density films in this work. As there is no molecular
rearrangement within MHA crystalline monolayer, the
diffusion-limited time scale is only associated with the
rearrangement of the electrical double layer. In the cases of
contraction followed by translational motion (finite accel-
eration at positive potential), we observed a decreased time
constant; the drop in these cases is, however, still under the
domination of surface tension force (We ∼ 10−2).

■ CONCLUSIONS
In conclusion, we have shown that low-density MHA films
exhibit large change in contact angle hysteresis at different
applied potentials. We have employed this external control over
contact angle hysteresis as an “on-off” switch to realize drop
motion on a homogenous surface. We have also shown that the
stretching and contraction of the drop as it slides down the
incline mimic the motion of an inchworm. Our results highlight
an alternative and simple approach to control the dynamics of a
liquid drop on a homogenous surface without patterning or
fabrication. This work opens the door to controlling the motion
of a drop by manipulating the pinning force versus other
external driving forces, such as in pressure-driven flow.
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