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Wetting functionalities of rough surfaces are largely determined by the Laplace pressure
generated across liquid-gas interfaces formed within surface structures. Typically, rough
wetting surfaces create negative Laplace pressures, enabling capillary wicking, while rough
non-wetting surfaces create positive Laplace pressures, exhibiting fluid repellency. Here, with
microfabricated reentrant structures, we show that the same surface can exhibit either a
negative or positive Laplace pressure, regardless of its intrinsic wettability. This material-
independent Laplace pressure duality enables or enhances a range of wetting functionalities
including wicking, switchability, and selectivity. On the same surface, we demonstrate
capillary rise, capillary dip, and the combination of the two which leads to further
enhancement of the total sustainable capillary height and Laplace pressure, the driving force
for wicking. Further, we showed active switching of wetting states between the hemiwicking
and the repellent Cassie state on reentrant structures. Moreover, with a water-hexane mixture
system, we demonstrated selective wetting of reentrant structures, i.e., water can be
selectively wicked or repelled in the presence of hexane, and vice versa. We achieve these
functionalities, which would typically require complex chemical coatings, solely using
surface structures, thus largely expanding the design space for a wide range of thermofluidic
applications.

Functional surfaces that wick liquids or have switchable and selective wettabilities
have found utility in a broad range of applications.!"! Wicking is used in a variety of
applications including microfluidics," anti-fogging,™ liquid separation,™ and heat transfer
enhancement via boiling and thin film evaporation.”' Switchable surfaces that can
dynamically tune the surface wettability from repellency to wicking and vice versa (Figure

1a) have shown potential in tunable liquid lenses,® switchable valves,"”! biosensors,'®!

nanomedicine,” and microrobots.!"”! Surfaces that exhibit selective wetting of one liquid to
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the other (Figure 1b), on the other hand, have received attention for separation of liquid
mixtures, e.g., oil-water separation.!" All these functionalities are based on two extreme
wetting states, i.e., repellent (Figure 1c) and wicking states (Figure 1d). The repellent or
wicking surfaces are typically obtained by surface roughening, which enhances the intrinsic
wetting behavior of smooth surfaces, i.e., wetting surfaces become more wetting (or wicking
in the extreme) and non-wetting surfaces become more non-wetting (or repellent in the
extreme).!""! The close-up views (Figure 1c-i, d-i) of the liquid meniscus reveal the critical
role of Laplace pressure in these extreme wettabilities. The Laplace pressure represents the
pressure difference across the liquid-gas interface and can be expressed as A P, =pH, where y
and H are liquid surface tension and mean curvature, respectively. When a liquid drop sits on
an intrinsically non-wetting surface (0 > 90°) structured to be repellent (Figure 1c-i), the
three-phase contact line pins at the top of the structures, leaving an air layer underneath. In
this case, the liquid has higher pressure than air and we define H to be positive, rendering
positive AP;. On the other hand, when liquid contacts an intrinsically wetting surface (0 <
90°) structured to be wicking (Figure 1d-i), the liquid has lower pressure than air and we
define H to be negative, resulting in negative AP;. Complex functionalities such as
switchability and selectivity are, therefore, realized through manipulation of Laplace pressure.
The switchability is achieved through the control of the sign of AP, by external stimuli to shift
from a repellent to wicking state, and vice-versa. Common switching stimuli include
temperature,''? light,""*! pH,!"¥! electrical potential,"> pre-wetting and drying,"'® and
mechanical strain,!"” which consequently cause changes in surface geometries or energies. On
the other hand, selective wetting of one liquid to the other generally requires a surface that
exhibits positive AP, for one liquid and negative AP, for the other. To tailor the sign of AP,
for effective separation of oil-water mixtures, for example, various surface treatment methods

have been utilized including electrochemical or acidic treatments of metallic surfaces,'® and
2
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surface coatings with polymers,“" ! silanes,”” thiols," self-assembled monolayers,** and

[23]

hydrogels.
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Figure 1. Functional surfaces and the role of Laplace pressure. (a) A switchable surface that
can tune its surface wettability from repellency to wicking, and vice versa. (b) A selective
surface that has selective wetting of one liquid to the other. (c) Close-up schematic of a liquid
meniscus on repellent surfaces: droplets form positive Laplace pressure on a structured,
intrinsically non-wetting surface (c-1) and on reentrant structures (c-ii), where reentrant
structures can repel an intrinsically wetting liquid (6<90 °). (d) Close-up schematic of a liquid
meniscus on hemiwicking surfaces: droplets form negative Laplace pressure on a structured,
intrinsically wetting surface (d-i) and on reentrant structures (d-ii), where reentrant structures
can wick an intrinsically non-wetting liquid (6>90 °).

Theoretically, with reentrant structures, intrinsically wetting surfaces can exhibit
positive AP, (Figure 1c-ii), which has been demonstrated extensively in previous works. !> 1%
1 Recently, we demonstrated non-wetting surfaces can also exhibit negative AP, (Figure 1d-
ii) without additional functional coatings, meaning the same surface design can achieve both
positive or negative AP, for both wetting or non-wetting liquids.”' This dual Laplace pressure
characteristic of reentrant structures is due to their unique ability to sustain contact line
pinning at the reentrant feature. Depending on the reentrance angle, @ (Figure 1c-ii and 1d-

ii), the surface can repel fluids with different contact angles, 6. The black arrow in the

schematics represents the direction of the surface tension force that prevents liquid from
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entering the structure. For a non-reentrant microstructure, the surface tension force only acts

to prevent liquid entering the microstructure if 6>90 °. The Laplace pressure in this case on

. ) —2ypcosl ) .
micro-channels, for example, is A P L:yf’ where s is the spacing between channels

(Figure 1c-1). By the addition of reentrance, the direction of the surface tension force is
rotated by & to the vertical direction, which enables the surface to repel liquids with contact
angles lower than 90° (Figure 1c-ii). At the extreme, for perfectly wetting fluids with =0°, a
doubly reentrant microstructure with a>90 ° is needed to repel the fluid (see Section S1 of
Supporting Information for a description of reentrant and doubly-reentrant surfaces).***!

Generally in the non-wetting case, reentrant features can increase the Laplace pressure to

—2ypcos(O+a) _ . . . . .
A P,=——— . Likewise, reentrant structures may achieve hemiwicking of all liquids
L 3 y g

when the reentrant structure is initially filled with the same liquid (Figure 1d-ii). In the
hemiwicking case, the surface tension force generated at the reentrant structure prevents
liquid from being removed from the roughness, where the resulting Laplace pressure is

—2ycos(f—al

5 . Therefore, a reentrant surface

enhanced (to the negative direction) as A P, =

can generate dual Laplace pressure regardless of intrinsic wettability, and the Laplace

pressure can be expressed as:

—2ycos(f+a
AP,= Y s( | (D

where cos (0+a| is used for the repellent state, i.e., positive APy, and cos (0 —a/| is used for the

hemiwicking state, i.e., negative AP;. Note that the vertical component of the contact line
force reaches the maximum magnitude (2y/s) at 6 + a = 180° for the repellent state and 6 - a =

0° for the hemiwicking state. When 6 + a > 180° for the repellent state, the liquid entering the



WILEY-VCH

structure must overcome this 2)/s Laplace pressure (Figure S2b). Similarly, when 6 - a < 0°,
AP, is set to -2y/s for the hemiwicking state.

In this work, we created reentrant microchannels, demonstrated these enhanced
Laplace pressures, and further demonstrated switchability and selectivity on the same surface
by leveraging the duality of Laplace pressure enabled by reentrant structures. Since previous
strategies for switchability and selectivity mostly rely on the intrinsic wettability of a
structured surface, the types of liquids associated with the surface are limited.!"! The design
flexibility enabled by the dual Laplace pressure of reentrant structures, therefore, can be
promising for systems where intrinsic wettability requirements currently limit the design to
non-optimal materials and liquids.

To experimentally demonstrate the dual Laplace pressures and resulting functionalities
of reentrant structures, we fabricated reentrant microchannels (Figure 2a). The channel width
(d=90 um), height (H = 400 um), and pitch (/=500 um) are the same for both normal and
reentrant channels (Figure 2b). The overhangs of reentrant structures have thickness (=1

um), length (D=25 pym), and reentrance angle (¢=90 °). The cross section scanning electron
microscope images are shown in Figure 2c. Table S1 summarizes the geometry of tested
samples. Before testing, unless otherwise stated, the entire surface was coated with a
conformal 60 nm thick, low-surface-energy polymer (C,Fs) to create a uniform and repeatable
contact angle across different tested surfaces, but the coating is not required for the
functionalities we demonstrate.

First, we quantified and characterized the dual Laplace pressure by measuring the
capillary height of the surface, 4, which is determined by a balance of the Laplace pressure

and the hydrostatic pressure as:

_2ycos(ﬂiaj (1)
~ (l=d]4pg
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where Ap is the density difference between the liquid and air and g is the gravitational
acceleration. cos(f - a) is used for the negative Laplace pressure, i.e., when the surface is
hemiwicking (Figure 2e), whereas cos(0 + a) is for the positive Laplace pressure, i.e., when
the surface is repellent (Figure 2f) (see Section S2 of Supporting Information for a derivation
and further explanation). A normalized capillary height, 4%, is then calculated to account for

the surface geometry and different properties of liquids used as:

. hlli—d) 4pg|

h=m = cos(0% a) @

When dipped into a pool of wetting liquid, surfaces with normal channels exhibited
hemiwicking, where the liquid rose in the channels a given height as the negative Laplace
pressure counteracted gravity. In contrast, when a non-wetting liquid was used, air was
trapped within the normal channel surface down to a given depth in the liquid due to the
positive Laplace pressure. As a result, a surface without reentrance (a = 0°) has a positive
capillary height for wetting liquids and a negative capillary height for non-wetting liquids.
The black triangles represent the measurement while the dashed line represents the prediction
from Equation 2.

Adding reentrance (a = 90°) enabled positive (blue squares for measurements and
solid blue line for Equation 2) capillary heights for all liquids simply by controlling the initial
wetting state. When a reentrant channel prefilled with liquid (the liquid can be either wetting
or non-wetting) was raised out of the liquid (Figure 2e and Movie S1, which shows a liquid
with 6 = 91.6°), liquid remained trapped within the structures to a capillary height exceeding
that of normal structures. The liquid started dewetting from the reentrant channels after the
maximum sustainable capillary height from Equation 1 was exceeded. This measurement of
capillary height demonstrated an important point. The capillary height became much larger

compared to normal structures, demonstrating reentrant structures can be used to significantly



WILEY-VCH

enhance Laplace pressure. This enhancement could be leveraged in a variety of applications
such as those where enhanced wicking is desired.” *®! This enhanced wicking has usually been
achieved by changing structure dimensions or using liquids and materials with contact angles
close 6 = 0°; however, this work demonstrates reentrance can be an important factor as well,
particularly for liquids that are not perfectly wetting or even non-wetting, which has not been
explored.

Likewise, when a reentrant channel filled with air was lowered into liquid (Figure 2f
and Movie S2), air remained trapped within the structures. After the maximum negative
capillary height was exceeded, the liquid entered the reentrant structures (red squares in
Figure 2d for measurements and solid red line for the prediction from Equation 2). This
enhanced repellency enabled by reentrant structures was also reported in previous literature.
(192, 24a]

Furthermore, we showed a filled reentrant channel can increase the sustainable
capillary height of the surface by supporting a positive Laplace pressure at one end of the
channel and a negative Laplace pressure at the other end simultaneously. In this case, the
positive Laplace pressure does not create a repellent surface, but rather prevents liquid within
the channels from bursting out of the channel, as depicted in the schematics of Figure 2g. To
demonstrate this ability, we conducted another capillary height experiment in which the
channels were prefilled, but no pool of liquid was used as in Figure 2e and f. Instead, the
capillary height was increased by gradually tilting the prefilled surface starting from
horizontal (Figure 2g and Movie S3, in which ethanol was used). The observed capillary
height (h enhanced) was the sum of the magnitude of the heights predicted by Equation 1 for
the positive (h +) and negative (h -) Laplace pressures. The increase of sustainable capillary
height of the surface was further demonstrated for a variety of liquids with a range of intrinsic

wettability (purple squares in Figure 2d). Interestingly, the maximum capillary height was not
7
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observed for a perfectly wetting liquid because it cannot sustain any positive Laplace
pressure. Rather, liquids with intermediate wettability showed the largest capillary height,
where the theoretical maximum occurs for a liquid with a contact angle of 90°. This increase
in total Laplace pressure, which is the driving force for wicking, has the potential to impact

high performance systems that rely on wicking as discussed above when describing enhanced

capillary height.
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Figure 2. Fabricated microchannels and capillary rise/dip tests. (a) Top-view schematic of the
microchannels. (b) Cross-section schematics of the normal channels and the reentrant
channels. Width (d = 90 um) and height (H = 400 um) of walls and pitch (/ = 500 um) are the
same for both channels. Reentrant channels have overhangs with thickness (r = 1 um), length
(D =25 pm), and reentrance angle (a = 90°). (c) Cross-section scanning electron microscope
images of reentrant channels. (d) Results of capillary rise/dip tests. Normalized capillary
height is plotted with respect to function of intrinsic wettability. Normal channels (black
triangle) show capillary rise (positive height) for wetting liquids and capillary depression
(negative height) for non-wetting liquids. Reentrant channels, on the other hand, can have
either capillary rise (blue squares) or depression (red squares) independent of intrinsic
wettability. Purple squares show enhanced capillary height resulting from doubled capillary
pressures (described in further detail when discussing Figure 2g). The lines are theoretical
predictions of normalized capillary heights from Equation 2, which show reasonable
agreement with experimental data. (e) Optical image of the capillary rise test. Channels filled

8
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with liquid raised up from the liquid pool. Negative Laplace pressure held the liquids against
gravity. (f) Capillary dip test. Channels filled with air dipped into a liquid reservoir. Positive
Laplace pressure prevented the liquid from entering the channels. (g) Reentrant channels with
positive Laplace pressure at one end and negative Laplace pressure at the other end yielded
enhanced capillary height. Initially, the channels prefilled with a liquid was horizontal (t =0
s). The channels were gradually tilted to increase the capillary height (t = 10 s). The reentrant
structures provided positive and negative Laplace pressures at the bottom and the top of the
channels, respectively, resulting in enhanced overall capillary height (t = 18 s), resulting in
significantly enhanced capillary height as seen in Figure 2d.

By tailoring the dual Laplace pressure of reentrant structures, which is the basis for
wicking and repellency, we also demonstrated more complex wetting behaviors like switching
and selectivity. First, we demonstrated switching wettability of reentrant structures, which
would generally require complex coatings without reentrance features.!'>"*! The key is to
manipulate the type of fluid, i.e., a liquid or air, inside the reentrant structures, which
determines the surface wetting behavior (Figure 3a). Switching from a repellent to wicking
state can be achieved simply by filling a liquid into the reentrant channels via a reservoir at
the end of the channels. Due to the liquid filled within the channels, liquid contacting the
surface exhibited a hemiwicking state with negative AP;. On the other hand, switching from a
wicking to repellent state was realized by taking advantage of the gravitational force. As
liquid continued to fill the channel, the effective liquid height increased. Once the capillary
height was reached, i.e., Lsinp>hé, where L and @ are the channel length and the tilting
angle, respectively, liquid was emptied from the channels by gravity; accordingly, the now
air-filled reentrant structures became repellent once again due to the resulting positive AP;.
We demonstrated active wettability switching in Figure 3b and Movie S4. In this
demonstration, droplets added on the surface from a syringe were switched between the
repellent state where the droplet rolled down the surface, to a hemiwicking state where the
droplet absorbed into the surface. We used a test liquid with an intrinsic advancing contact

angle of 91.6°. The surface was tilted to ¢ =32 °, where @ was controlled to satisfy Lsinp>h¢

9
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, so that liquids within the surface were emptied by gravity exceeding the capillary height.
Initially, the surface was repellent with high droplet mobility. However, after filling the
channels with liquid via a reservoir, the surface switched to a hemiwicking state, where liquid
added to the surface was sucked into the structures. Once the liquid height reached a critical
height, & ¢, the liquid in the channel was removed (between 16.47 s and 18.13 s), the surface
transitioned back to the repellent state. This simple switching method for active control of the
extreme surface wetting states not only provides versatile choices of liquid-surface material
combinations, but also is advantageous over previously reported switching mechanisms based
on complex coatings and external stimuli, which have inherent limitations such as
biocompatibility or durability.""-* More notably, controlled switching between such two
extreme wetting states, i.e., repellency with mobile droplets to wicking, had not been achieved

before with most other methods."">!

repellent state
(air-filled)

reentrant
channels

gJ, 7'

repellent l Y l valifl =
state mobile dropiet
G i droplet e AR s
removing liquid N filling liquid
by gravity via reservoir
t=0s t=0.07 s t=0.10s

reservoir

wicking state
(liquid-filled)

I wicking
state

absorbed
droplet

wicking
droplet

t=13.34 s t=13.44 s t=13.54 s

Figure 3. Switchable wettability of reentrant surfaces. Schematic of switching mechanisms
and time-lapse images of active switching of wettability. Blue and red indicate the repellent
and wicking wetting states, respectively. In the repellent state, the channels were filled with
air, and a droplet that contacted the surface was repelled and was therefore highly mobile,
rolling down the tilted surface. Then, by adding liquid to the channels via a pump at the
reservoir, the surface was switched to a highly wetting state that absorbed liquid contacting
the surface. Because the surface was tilted, as droplets were wicked into the surface and as

10
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additional liquid was added from the reservoir, the channel continued to fill and eventually
surpassed the sustainable capillary height of the channel, causing gravity to naturally empty
the channel. This reverted the surface back to the repellent state.

Finally, we show the same strategy to tailor wetting behavior independent of intrinsic
wettability also applies to liquid-liquid systems, where one typical application is oil-water
separation. As opposed to conventional selective surfaces, the reentrant-surface-based
approach does not need complex chemical coatings to determine selectivity; instead, the
Laplace pressure of liquids are tailored by infusing reentrant structures with a desired liquid.
Such functionality has been demonstrated on micropost arrays with a small reentrance angle a
of 14°, which limited selectivity to liquids with intrinsic contact near 90° (72 and 83° degrees
demonstrated)'*”!. In this work, with reentrant channels without the C,F; coating, i.e., a simple
silicon and silicon dioxide surface, we showed that the intrinsic contact angle for selectivity
can be extended to more extreme contact angles, where contact angles from 25.4° up to 150°
were demonstrated using hexane in a water environment and vice versa. Furthermore,
previous works only demonstrated the ability to tailor the repellent state. The additional
understanding of dual Laplace pressures developed in this work also enabled the
demonstration of control over hemiwicking selectivity as well. For the ease of visualization,
the hexane droplets in a water environment were dyed yellow and the water droplets in a
hexane environment were dyed blue. The wettability was measured by adding a liquid droplet
to the surface immersed in the other liquid using a syringe. In a water environment, the
surface wettability to hexane can be made either wetting or repellent by controlling the
infused liquids in reentrant structures, i.e., wetting when infused with hexane (Figure 4a) and
repelling when infused with water (Figure 4b). Similar behaviors were achieved for water in a
hexane environment, i.e., wetting when infused with water (Figure 4c) and repelling when
infused with hexane (Figure 4d). The apparent contact angles of the four cases are plotted in

11
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Figure 4e as a function of intrinsic wettability (cos #), which shows good agreement with the
Cassie-Baxter and hemiwicking relations (see Section S3 of Supporting Information for
description of wetting relations). Therefore, we demonstrated that by prefilling the surface
with one liquid or the other, selective repellency or wetting of either liquid can be set as

desired.
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Figure 4. Selective wettability of reentrant surfaces demonstrated with hexane and water. In a
water environment, the reentrant surfaces infused with hexane (a) wicks a hexane droplet
(dyed yellow) while the surfaces infused with water (b) repels the hexane droplet. The same
principles work in the hexane environment. The surfaces infused with water (c) wicks a water
droplet (dyed blue) while the ones infused with hexane (d) repels the water droplet. (e)
Experimental measurements of cosine of apparent contact angles with respect to cosine of
intrinsic contact angle for the four selective wetting cases. Experimental data (blue: wicking,
red: repelling) agree well with theoretical predictions (black lines). Schematics in Figure 4e
are associated with photos of Figure 4a-d.

In conclusion, we demonstrated the dual Laplace pressures of reentrant features by

capillary rise and dip tests, where the same reentrant surface could either maintain a liquid
12
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within the structure or prevent the liquid from entering the structure against gravity by
exhibiting negative or positive Laplace pressure. The reentrant structures were shown to
enhance the Laplace pressure significantly, which is the driving force for wicking and
repellency. Moreover, we showed by combining both positive and negative Laplace pressures
on a single reentrant surface, the capillary height can be doubled, which could further impact
wicking performance. We then demonstrated switchability and selectivity of a single reentrant
surface by harnessing the dual Laplace pressure. We could actively switch the surface
wettability from repellent to wicking, and vice versa, by simply prefilling or removing a
liquid. Similarly, by prefilling a desired liquid within the reentrant structures, the surface
could exhibit selective repellency or wetting of one liquid to the other. Since this switching
and selective wetting mechanism does not require complex chemical modifications, it shows
great potential for surface applications that previously have been limited by chemical

compatibility, slow switching speed, external stimuli, or insignificant wettability change.

Experimental Section

Fabrication of Surfaces: The fabrication procedure of both normal and reentrant channels is
depicted in Figure S3. A 2.5 pm layer of photoresist (Microposit S1822) was spin coated on
polished silicon wafers that had a 1 um thick silicon dioxide layer on the surface. The
photoresist was exposed using an MLA150 Maskless Aligner. The resist was developed for
120 seconds in Microposit MF CD26 developer. The silicon dioxide was first etched using
CF, (MPX/LPX RIE, STS). Then, the channels were etched in the silicon with deep reactive
ion etching (Rapier DRIE, SPTS). For normal channels, the silicon dioxide was removed by
placing the samples in 7:1 buffered oxide etch solution for 10 minutes. An isotropic SFs etch
(Rapier DRIE, SPTS) was used to remove silicon below the silicon dioxide to create the

reentrant geometry. A conformal, 60 nm thick hydrophobic polymer (C,Fs) was deposited

13
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(Rapier DRIE, SPTS). This allowed a large range of intrinsic contact angles to be tested and
also created surfaces with uniform and consistent wettability.

Capillary Height Measurements: A custom-built experimental setup was used to measure the
capillary height for each sample (Figure S10b). The samples were attached to a linear stage
with a Vernier scale. This allowed the surfaces to be dipped into or withdrawn from a large
pool of liquid. The Vernier scale (accurate to 1/100th of an inch) was used to determine the
capillary height. In order to test the repellent state of reentrant surfaces, the initially dry
surface was lowered into the liquid. A camera recorded the surface as it was lowered into the
liquid. When the maximum negative capillary height into the liquid was exceeded, liquid
entered the structures. The height at which this occurred was recorded. Similarly, to test the
hemiwicking state of reentrant surfaces, the surfaces were prefilled with the liquid to be
tested. The surface was then withdrawn from the pool of liquid. When the maximum positive
capillary height of the liquid was exceeded, air entered the structures and the liquid receded.
The height at which this occurred was recorded.

Prefilling Surface Structures: Prefilling the reentrant channels with liquid was achieved using
a variety of methods. For naturally wicking liquids, the liquid was added to one end of the
channels and in turn, filled the channels spontaneously. For ethanol/water mixtures that were
not wicking, the channels were first filled with pure ethanol. Next, the ethanol filled sample
was placed in a large container of the ethanol/water mixture to be tested. The pure ethanol
within the surface structures was allowed to diffuse into the mixture, thereby replacing the
ethanol in the channels with the mixture. Note that the volume of ethanol in the channels was
on the order of ten microliters, whereas the container was more than one thousand times this
size. Therefore, this filling method did not affect the final concentration of the mixture.
Samples were then removed from the mixture such that the channels remained filled to

conduct contact angle or capillary height measurements.
14



WILEY-VCH

Switching Between Wicking and Repelling Experiments: To demonstrate the ability to switch
between states, the reentrant channels were tilted at an angle of 30°. The surface was initially
dry. Therefore, when a syringe added a liquid mixture of 83% water and 17% ethanol to the
surface, a droplet was formed in the Cassie state and thereby repelled. However, by adding
the liquid to the channels using a pump at the reservoir, a droplet added to the surface formed
the hemiwicking state and was wicked into the surface structures. When enough liquid was
added to the tilted surface, hydrostatic pressure from gravity caused the liquid within the
structure to spontaneously dewet from the channel, thereby recovering the state filled with air.
As such, the repellent Cassie state was recovered. This process was continuously repeated
multiple times in Movie S4.

Selective Wicking and Repellency Experiments: The measurement was done with the same
setup for the contact angle measurement. Two immiscible liquids, water and hexane, were
used for testing. First, a drop of one of two liquids was placed on a flat surface while the
entire surface was submerged in the other liquid to confirm the intrinsic contact angle, 0.
Then, the selective wicking was achieved by infusing the same liquid as the droplet into the
reentrant structures. On the other hand, the repellency was achieved by infusing the other
liquid into the reentrant structures. In the case of testing the wettability of hexane within a
water environment, due to the density difference of two liquids, the surface was flipped

upside-down, and a syringe was placed under the surface to add a hexane droplet.
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The dual Laplace pressure of reentrant structures is demonstrated by capillary rise/dip tests
with reentrant microchannels, which enables tailoring the surface wetting state to either
repellent or hemiwicking state regardless of intrinsic wettability. Furthermore, functionalities
such as switchability and selectivity are achieved by harnessing the dual Laplace pressure.
This work has important implications in enabling extreme wettabilities by surface structures
alone.

Keyword: reentrant structures, wettability, switchability, liquid separation, smart surfaces,
functional surfaces
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