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Abstract: Here we demonstrate a method to pattern liquids of varying surface tension and
composition into droplets by utilizing slippery liquid-infused surfaces prepared on
chemically-patterned substrates. We study the capability of different liquids to displace the
lubricant from higher surface energy regions and show that both high and low surface tension
liquids can imbibe the polymer, thereby forming droplets sharply following underlying
surface energy patterns. For all liquids tested, droplet arrays of arbitrary shapes of each liquid
were formed with precision down to 50 um. By changing the chemical patterning from
fluorinated to aliphatic groups, patterns of mineral and silicone oils were created. Finally, we
demonstrate formation of two-dimensional micropatterns of three-phase liquid systems —

fluorinated, organic, and aqueous phases.

Liquid patterning on solid surfaces is an essential process in micro- and nano-fabrication.
It has been used for microelectromechanical systems (MEMS)-fabrication,*M2LB] microfluidic-
device design[“'P! bjo-scaffold creation,® or high-throughput screening efforts. [} BHEHIL0LLT ¢

is usually accomplished by applying liquids via a highly controlled method such as contact or
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non-contact printing, (1213141151061 pre_structured surfaces, */M 8 micropatterning through
thin liquid film instabilities®??X or wettability patterning such as superhydrophobic-
hydrophilic patterns.?2 The latter example enables the formation of patterns of agqueous
solutions using the effect of discontinuous de-wetting process.[t7 231 1241, [25]
How liquids spread on a surface is determined by their surface tension relative to the surface
tension of the solid at the contact line of the three phase system.[?6} [271 Thus, low surface tension
liquids, such as perfluorinated oils (e.g. perfluoropolyether), silicone oils, and many organic
solvents can easily wet different materialsi?®l, while liquids with higher surface tension often
form confined droplets. Several methods were recently developed that enable patterns of low
surface tension liquids using the effect of discontinuous de-wetting.?*: 291 Tuteja et al.
introduced a method requiring superoleophobic-superoleophilic patterns,?® 30 while the
approach of Feng et al. relies on the formation of defect-free surfaces to create patterns of
regions with strong de-wettability towards organic solvents.®] Neither of those methods,
however, enables patterning of liquids with extremely low surface tensions below 18 mN/m.
To pattern such liquids, including fluorinated or silicone oils, “double-re-entrant”
topographiest?® 2 are required. However, these do not prevent liquids from spreading laterally
once in contact with these features.[2

Another problem is that aqueous solutions containing proteins, lipids, sugars or other
biological components derived from cells, cell lysates or growth medium, may not only possess
lower surface tensions but can also hydrophilize surfaces by adsorbing biomolecules, thereby
degrading the liquid repellent character of such surfaces.[33 34 [35). [36). [37] For this reason,
formation of complex surface patterns of organic solvents or biofluids remains difficult.

Liquid-infused interfaces or slippery surfaces possessing excellent liquid repellence were
recently introduced by impregnating a nano/micro-structured or porous surface with a lubricant,
thereby creating a stable lubricant layer on top of this surface.[8 [ [401. [41]. [42], [43] A

favourable disjoining pressure maintains a stable lubricant film on the surface. (44 141 [46] |y
2
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contrast to air-filled repellent surfaces, such liquid-locked surfaces reveal greater robustness
against pressure and hydrodynamic sheart’). There is evidence that slippery surfaces are
superior in anti-fog, anti-icing, and anti-biofouling applicationsl*2: [“8l: [37). [22] g traditional
hydro- and omniphobic or polyethylene glycol-functionalized (PEGylated) surfaces.

Here, we demonstrate that the displacement of one lubricant liquid by another liquid
depends on the underlying substrate’s surface chemistry. We show that by patterning the
substrate with superhydrophobic/hydrophilic features we can control the liquid-liquid
displacement process spatially. This process can be used to spontaneously form micropatterns
of liquid droplets with surface tensions ranging from 72 mN/m (water) down to <18 mN/m (n-
hexane). In addition, by forming surface patterns of fluorinated, alkylated and hydroxylated
regions, it was possible to create three phase patterns using fluorinated, organic and aqueous
fluids.

Fabrication of superhydrophobic-hydrophilic patterned surfaces was performed using the
following approach (Figure 1A).*1 First, a 15 pm thin porous poly(2-hydroxyethyl
methacrylate-co-ethylene dimethacrylate) (HEMA-EDMA) layer with pore sizes ranging from
80 nm to 250 nm™™ was polymerized on a glass slide. The polymer layer can be rendered
superhydrophobic (SH) (advancing water contact angles faqv = 170°£2 receding water contact
angles Orec = 157°£0.5) or hydrophilic (Gaaqv = 46°% 5 and Orec = 0°) through the esterification
with 4-pentynoic acid (alkylated surface) and the UV-induced thiol-yne reaction with
1H,1H,2H,2H-perfluorodecane-1-thiol (PFDT) or R-mercaptoethanol, respectively. The
polymer film can be patterned via sequential UV-induced thiol-yne reactions with the aid of
quartz photomasks.¥ Previously, this method has reported to yield patterns with sizes as small
as 10 um and below.[*]

The wetting abilities of both fluorinated PFDT-modified and hydrophilic HEMA-EDMA
surfaces were investigated with a set of liquids with different surface tensions ranging from 16

mMN/m to 72 mN/m (Tables 1). The PFDT-modified polymer was non-wettable for liquids with
3
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surface tensions higher than ~ 40 mN/m (Figure 2) and the liquid droplets remained in the
Cassie’s state.[>1 However, it was wetted by liquids with surface tension below 40 mN/m, such
as ethanol, DMF as well as by low-surface tension lubricants Krytox GPL 103 (PFPE) (20
mN/m), silicone oil (20.1 mN/m) or mineral oil (32 mN/m). On the other hand, high-surface
energy hydrophilic porous HEMA-EDMA could be infused by all liquids studied (Table 1).

Surprisingly, there is a difference in contact angle values for PFDT and CH3 substrates
infused with the same PFPE lubricant (Table 1). A possible explanation is the presence of
defects on the lubricant-infused surfaces that leads to exposed substrate and to such differences
in contact angles. In addition, the number of defects should depend on the type of surface
functionality, thereby making such liquid-infused surfaces even more different.

The roughness of the porous HEMA-EDMA layer and its capillary network are key to
forming stable liquid-infused surfaces and liquid-liquid patterns. On a smooth surface, exposing
perfluorodecanethiol (PFDT) functional groups (see Feng et al.),[*¥ PFPE cannot be stabilized
and does not form a stable liquid layer. On the rough PFDT-modified HEMA-EDMA surface,
however, stable PFPE liquid layers can be formed. ‘Slipperiness’ of a surface is characterized
by low contact angle hysteresis or low sliding angles.[*? 71 The sliding angles of different
liquids on PFPE-lubricated PFDT-modified HEMA-EDMA are small enough to classify this
lubricant-infused surface as slippery and the contact angle hysteresis (CAH) were also
significantly reduced. Organic solvents (e.g. hexane, ethanol, toluene, dichloromethane,
dimethyl formamide, DMSQO) exhibited sliding angles around 5° (Table 3) and CAH values
were reduced to around 10° (Figure 2A).

We then investigated the ability of different liquids to spontaneously replace PFPE
impregnating hydrophilic porous HEMA-EDMA lubricant. We found that all studied liquids
could replace PFPE from the pores of the hydrophilic polymer (Table 2). Lower surface tension
liquids, such as ethanol and DMSOQO, pinch more readily to the underlying surface (Video S1).

It took around 15 to 20 seconds for water to pinch on a PFPE-lubricated surface (Video S3),
4
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while it took only around 1s for ethanol to replace the lubricant on this surface (Video S1 and
S1). The replacement took place even by liquids less dense than that of PFPE.

Krummel et al.52 as well as Datta et al.[>¥] demonstrated that the complete displacement of
oil in a porous substrate through the wetting fluid is achievable provided the capillary number
(the relative effect of viscous forces versus surface tension) rises above a certain threshold
value. We observed that when a solvent was applied on a patterned SLIPS, the lubricant was
displaced from the hydrophilic pattern (see Figure S1 and S2). Thus, cells could be grown in
the hydrophilic patterns from which lubricant had been replaced (see Figure S3). Interestingly,
after the evaporation of the solvent, PFPE did not flow into the dried hydrophilic features again
(but in a reverse pattern PFPE features would flow out into dried background — see Video S5)
if access PFPE had been removed with an air gun prior to the experiment. On the other hand,
PFPE lubricant could not be replaced by any of the used liquid from the PFDT-modified
regions. The exception was hexane. Even though it did not wet PFPE-infused PFDT-borders,
when wetting dried features with hexane, small PFPE droplets were pulled from the borders
into the hexane phase (see Figure S2 and Video S4). However, n-hexane would stay confined
to the hydrophilic features (see Figure 1 and S4).

By combining superhydrophobic PFDT-modified with hydrophilic porous polymer regions in
the same surface it becomes possible to achieve spatially controlled selective de-wetting of the
PFPE lubricating liquid by different solvents (Figure 1). Such patterned surfaces can serve as a
template for an array of high and low surface tension liquids.® As shown in Figure 1, porous
HEMA-EDMA patterned with either hydrophilic (HL) or fluorinated (PFDT-modified) regions
is completely wetted with PFPE lubricant. However, the PFPE oil is displaced from the HL
parts (and not from the PFDT areas) after introducing a secondary liquid, such as n-hexane,
silicone oil, ethanol, water, DMSO, etc. (Figure 1B-D) This leads to a binary liquid-liquid
pattern of the higher surface tension liquid in HL parts and lower surface tension liquid in the

PFDT-regions. Thus, by a simple, two-step process, non-miscible liquids can be spatially
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arranged into precise two-dimensional compartments (Figures 1, S1). The homogeneity of
heights of droplets was measured by sliding a 100 pL droplet down a 30°-inclined pattern of
hydrophilic 3 mm circles in a PFDT-background, and measuring the heights of 10 droplets. The
heights of glycerol, DMSO, n-hexadecane droplets varied by 0.1%, 4.8%, and 3.5%,
respectively (Figure S3). Droplets could be formed both on features of several millimetre in
diameter as well as on small features down to 40 um in width (see Figure S5).

Modifying HEMA-EDMA with dodecanethiol* instead of PFDT by a thiol-yne click
reaction created a hydrophobic but non-fluorinated surface with advancing and receding WCAs
being 154+2 and 82+4, respectively, as well as 853 and 0 CAs for DMSO. However, the
alkylated porous surface allowed the formation of slippery surfaces with oil types other than
the perfluoro lubricants (Figures 3B, 4). When infused with either silicone or mineral oils,
dodecanethiol-modified HEMA-EDMA exhibited a stable lubricant film that could not be
washed off with water or even perfluoro oils. On both oil-infused surfaces, non-miscible liquids
(such as water and on silicone oil DMSO) exhibited roll-off and hysteresis angles close to 0
(Table 2). However, while silicone oil-infused surfaces were slippery for perfluorocarbon
solvents such as PFPE and FC40 as reported elsewhere, ¥l mineral oil-infused surfaces were
not. Perfluorinated oils would readily wet and spread on mineral oil-infused dodecanethiol-
modified HEMA-EDMA (Table 2). Thus, spatially controlled droplets of PFPE and FC40 could
be created using silicone oil-infused borders (Figure 3 and Figure S6). In contrast to higher
surface tension liquids, PFPE droplets varied in height by 25% when formed on PFDT-modified
3 mm diameter circles in a dodecanethiol-modified background (Figure S5).

The ability to pattern any two liquids on the same substrate next to each other has various
applications, e.g. in liquid-liquid extractions,®™ chemical process design,®8 71 and
microfabrication research, such as tuneable micro-lensest®® B9 to list a few. One of the
applications is to use such liquid patterning to stably position an oil shield around an aqueous

compartment to avoid evaporation of small aqueous reservoirs. Aqueous droplets evaporate fast
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on an open surface if not protected from the environment. To circumvent this problem, droplets
can be covered by a layer of oil. However, shielding droplets via a continuous oil layer can lead
to cross-contamination between aqueous compartments®%. Instead, it is advisable to shield each
droplet via an individual oil layer not connected to neighbouring aqueous compartments. To
realize this, HL circles (1.5 mm in diameter) were surrounded by alkylated SH 4 mm wide
rings, which was again surrounded by PFDT-modified borders (Figure 4). The surface was then
covered with a PFPE layer, followed by a sequential replacement of the fluorinated oil from the
hydrophilic spots by water and then from the alkylated rings by a mineral oil to form aqueous
compartments in the hydrophilic spots covered by individual mineral oil droplets kept fixed on
the surface with the alkylated rings. Thus, a three-phase array of water-in-oil-droplets separated
by a slippery PFPE-infused surface was created (Figure 4). Such arrays of shielded aqueous
compartments can have applications, for example, in DNA sequencing, related nucleotide
operations, 8% enzymatic assays and protein crystallization,!*?): 2. [63] a5 \well as in cellular
assays requiring long term stability of water droplets. The water-oil structures were kept stable
by the surrounding slippery PFPE border for at least 4 weeks. Figure 4 demonstrates the ability
of such a system to significantly reduce evaporation of aqueous droplets even after heating the
sample at 100°C for 5 minutes.

In conclusion, we demonstrate that by choosing the appropriate chemical surface patterning,
liquid-liquid displacement can be spatially controlled for a wide range of lubricant-intruding
liquid pairs. Arrays of both high and low surface tension liquids can thus be formed on a single
surface. Spontaneous formation of droplet microarrays on slippery lubricant-infused surfaces
prepatterned with matching surface chemistry was shown. The resulting arrays of an intruding
liquid follow precisely the underlying surface patterning with, for example, circular, square or
other geometries. By modifying the same porous polymer surface with patterns of aliphatic
alkyl groups, hydroxy and perfluoro groups, three-phase liquid micropatterns — fluoro, organic,

aqueous — could be formed. This approach demonstrates the potential of three immiscible
7
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liquids being patterned adjacently in arbitrary droplet shapes, as long as the matching lubricant-
intruding liquid pair and corresponding surface chemistries have been chosen. This flexibility
carries enormous potential for the miniaturization of various processes where liquids of varying

surface tensions need to be patterned, confined or manipulated on surfaces or in channels.

Experimental Part.

2-Hydroxyethyl —methacrylate, ethylene dimethacrylate, 2,2,3,3,3-pentafluoropropyl
methacrylate (PFPMA), trichloro(1H, 1H, 2H, 2H-perfluorooctyl)silane, 2,2-dimethoxy-2-
phenylacetophenol, benzophenone, cyclohexanol, 1-decanol, rhodamine B, mineral oil, were
purchased from Sigma-Aldrich (Taufkirchen, Germany) at purity >97%.

Krytox GPL 103 was purchased from DuPont (Hamm, Germany). FC40 as well as
PicoSurf2TM were supplied by Dolomite Microfluidics (Royston, UK). Quartz photomask was
developed with Autodesk Inventor 2011 software and manufactured by Rose Fotomasken
(Bergisch Gladbach, Germany). Glass plates were obtained from Schott Nexterion (Mainz,
Germany). All other chemicals were purchased from Carl Roth (Karlsruhe, Germany).
Hydrophobic/hydrophilic Patterned Surface Fabrication: glass slides were activated by
submerging in 1M NaOH for 30 min followed by thorough rinsing with mQ H20. Then slides
were left in 1M HCI for 1 h and rinsed with water again. After drying, slides were modified by
a 20% (v/v) 3-(trimethoxy silyl)propyl methacrylate (Sigma-Aldrich) in ethanol. To avoid the
formation of air bubbles, 70 puL modification solution was evenly applied twice between the
active sites of two glass slides for 30 min. Glass slides were washed with acetone. Fluorinated
glass slides were prepared for the manufacturing of polymer surface. For this, activated glass
slides were incubated overnight in a vacuumed desiccator in the presence of trichloro(1H, 1H,

2H, 2H-perfluorooctyl)silane.
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Polymerization solution consisted of polymers (24% wt. 2-hydroxyethyl methacrylate as
monomer and 16% wt. ethylene dimethacrylate as a cross-linker) as well as initiator (1% wt.
2,2-dimethoxy-2-phenylacetophenone) dissolved in 1-decanol (12% wt.) and cyclohexanol
(48% wt.). 60 pL polymerization mixture was pipetted onto modified glass slides. These were
than covered by fluorinated glass slides separated through 15 um silica bead spacers from
modified glass slides. Slides were irradiated for 15 min with 5.0 to 4.0 mW-cm@2, 260 nm UV-
light. The mould was then carefully opened using a scalpel and polymer washed for at least 2h
in ethanol.

Hydrophilic polymer surfaces were esterified by immersion of 2 slides in 50 mL
dichloromethane containing 4-pentynoic acid (111.6 mg, 1.14 mmol) and catalyst 4-
(dimethylamino)pyridine (DMAP) (56 mg, 0.46 mmol) at -20°C. After 20 min, 180 uL coupling
reagent N,N'-diisopropylcarbodiimide (DIC) was added and the solution stirred at room
temperature for at least 4h or overnight. Esterified slides were washed in ethanol for 2h.
Patterning of esterified slides was based on photomask lithography. Slides were irradiated either
with “superhydrophobic” or “hydrophilic” click-chemistry solution first under the pattern of
choice, followed by washing with acetone and drying. In a second step, slides were wetted with
the complementary solution, covered with a quartz slide and irradiated with UV.
Superhydrophobic click-chemistry solution 1 was prepared always fresh by dissolving 10%
vol./vol. 1H,1H,2H,2H-perfluorodecanethiol in ethyl acetate. Hydrophilic solution 2 consisted
of 2-mercaptoethanol (10% vol./vol.) dissolved in a 50:50 vol./vol. ethanol/water mix.

In the first patterning step, slides were wetted with 200 pL solution 1 in the dark. Slides were
covered by the desired photomask pattern and irradiated for 2 min (5.0 mWecm2, 260 nm).
After irradiation slides were rinsed twice with acetone in the dark. They were wetted with
solution 2 and covered by a quartz slide. Immediately after, slides were irradiated for 2 min by
UV again (5.0 mWecm™2, 260 nm) and subsequently washed for at least 2 h in ethanol before

use.
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SEM images. Patterned HEMA-EDMA slides were coated with gold particles and images were
taken using a thermal field emission SEM using a FE-REM (type Merlin, Zeiss).

Contact and Sliding Angle Measurements: 60 pL of PFPE were applied and allowed to spread
evenly for all contact and sliding angle measurements. In case any other lubricant was used
equally 60 pL of lubricant was spread on the surface. To obtain surfactant-spiked PFPE, a 2%
wt./wt. stock solution of PicoSurf2TM (Dolomite, Royston, UK) dissolved in FC40 was mixed
1:3 with pure PFPE solution, and the FC40 was allowed to evaporate.

Advancing and receding contact angles (for Figure 2) were determined by an inhouse-build
system encompassing an UK1117 camera (EHD imaging GmbH, Damme, Germany), a stage
and 5 pL syringe (Hamilton, Bonaduz, Switzerland) connected to a pump operating at stable
flow speed (15 pl/min). Images were taken at 100 ms per frame. Contact angles were measured
using the ImageJ plug-in DropSnake.[®*: ] For each condition measured, 3 slides were used,
and advancing/receding angles were measured on 5 different position on each chip. Sliding
angles were determined manually on an adjustable angle stage. For table 2, advancing and
receding contact angles were measured 3 times on 2 different surfaces using Kriiss contact angle
goniometer (Hamburg, Germany). For this liquid was either flushed from or sucked into the
syringe at a rate of 2.67 pL/min and videos were recorded.

Cell Culture: Human Cervical tumour cell line HeLa expressing GFP was purchased from
BioCat (Heidelberg, Germany). Cell lines were cultured in DMEM (Gibco, Life Technologies
GmbH, Darmstadt, Germany), supplemented with 10% (vol./vol.) FBS (Sigma), and 1% of
Penicillin/Streptomycin  (Gibco, Life Technologies GmbH, Darmstadt, Germany).
Additionally, HeLa growth medium was supplemented with 0.2% G418 (Gibco, Life
Technologies GmbH, Darmstadt, Germany). Cells were cultured at 37°C in a humidified
atmosphere of CO2 and 95% air. The cultured cells were observed with inverted light
microscope (CKX 31 Olympus, Japan). Once cells covered ~75-80% of the culture dish, they

were trypsinized using 0.25% trypsin/EDTA (Gibco, Life Technologies GmbH, Darmstadt,
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Germany) and diluted in fresh medium — using a blood cell counting chamber (Neubauer,
celeromics, Cambridge, UK) — to a density of 15-20x103 cells/cm2.

For seeding onto superhydrophobically/hydrophilically patterned HEMA-EDMA lubricated
with surfactant-spiked PFPE, a drop of cell containing medium was slid over patterns; small
parts of medium attached to hydrophilic spots, thus, forming micro-droplets of cell-containing
growth medium. Alternatively, a large drop of 500 pL was laid over several hydrophilic spots
and allowed to rest in order that cells could sediment down. After 30 seconds, the array slide
was tilted allowing excess liquid to flow off. Fluorescent images were taken with Keyence BZ-
9000 fluorescent microscope (Osaka, Japan).

Microscopic Imaging: All microscopic bright field images and videos were taken with
Keyence BZ-9000 fluorescent microscope (Osaka, Japan).

Supporting Information
Supporting Information is available from the Wiley Online Library or from the author.
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Figure 1. Strategy for liquid patterning on porous poly(2-hydroxyethyl methacrylate-co-
ethylene dimethacrylate) (HEMA-EDMA) polymer. A) Schematic representation of the
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manufacturing process of surface patterned HEMA-EDMA and subsequent infusion with
liquids into defined compartments. B) Photographs of an array where hydrophilic patterns are
differentially wetted with rhodamine-containing DMSO, while superhydrophobic borders are
wetted with a perfluorinated oil (PFPE). (C) Photograph of the production of such an array by
discontinuous de-wetting. Images of ethanol droplets (D) (scale bar corresponds to 3 and 2
mm respectively), silicone oil droplets (E) (scale bar corresponds to 1 mm), mineral oil (F)
(scale bar corresponds to 2 mm), and N-hexane (G) droplets (scale bars correspond to 350
pm, 350 um, 350 um and 1 mm) formed on hydrophilic patterns of different shapes. (H)
Photograph of water droplets stained with food dyes separated by small borders — the smallest
just being 50 um. The water droplets were formed on a surface lubricated with surfactant-
spiked PFPE (see Materials and Methods). (1) Photograph of mineral oil drops formed on

hydrophilic spots within a PFPE background — the scale bar corresponds to 1 mm.

18



WILEY-VCH

(A) g
A 5 = unfilled PFDT-
I 2 @ surface adv. CA
160 3 3 S =
o < S = a5
c _ @ e = 3 O]
S 00 E gu O unfilled PFDT-
8= i cos22 o= f CA
® o 120 g€956g5 £o surface rec,
- QO < S pe
29 P2255 9 i A
S5 Lo 0 Oi a F'y A A PFPE-lubricated
o ?é 80 - N = T PFDT-surface rec.
S = A AA A é CA
€5 AR A
© .
z2° a0 - Agyy & T A PFPE-lubricated
< T = PFDT-surface adv.
] l CA
O - . 1 1 1 >
0 20 40 60 80
Surface Tension [mMN/m]
(B)

PFPE lubricant silicone oil lubricant mineral oil lubricant
water P §
iopton gh £ &6 A A

I —— I [ T ey || ———— | W———

PFDT-HEMA-EDMA CHy-HEMA-EDMA CH4-HEMA-EDMA

PFPE lubricant silicone oil lubricant
silicone ol 0 PFPE E ﬁ
dropleton | _ % droplet on _

PFDT-HEMA-EDMA CH3-HEMA-EDMA

Figure 2. Change in material properties through lubrication with oil. A) Change in advancing
and receding angles of surfaces between dry state and upon and upon lubrication with PFPE
for standard liquids. B) Advancing and receding angles of water (upper row) as well as
silicone oil/ PFPE (lower row) on alkylated poly(2-hydroxyethyl methacrylate-co-ethylene
dimethacrylate) polymer lubricated by either mineral oil (right) or silicone oil (middle) or

perfluorinated and lubricated by PFPE (left).
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Figure 3. Droplet formation on alkylated surfaces. (A) aqueous droplets formed on mineral

oil-lubricated alkylated polymer. (B) PFPE droplets formed on silicone oil-lubricated

alkylated polymer. Scale bars represent 1 mm.
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Figure 4. Formation of evaporation resistant compartments. A) Schematic representing the
three-phase system enabled through surface patterning of perfluorinated, alkylated and
hydrophilic patches next to each other. B) Photographs of mineral oil protected droplet next to

an unprotected droplet before (left) and after (right) heating.

TABLES.

Table 1 List of tested liquids
Table 1 List of tested liquids

Liguid Name Surface tension [MN/m] @ 20°C Density [g/cm3] @ 20°C
Water 7210 0.998
Glycerol g4teel 1.261
Dilodomethane (DIM) 50.8L°°! 3.325
DMSO 43,5410 1.1004
Dimethylformamide 37.10t°°! 0.948
(DMF) ,

Cyclohexanol 34.4 (at 25°C)t°®! 0.9624
Mineral oil light - | 324 0.8
bioreagent

Toluene 28.401°°! 0.87
n-Hexadecane 27 .51 0.77
Dichloromethane 265 1.3266
Ethanol 22.101°°! , 0.810
Silicone oil 10 ¢St 20.1 (at 25°C)te®! 0.95
Krytox GPL 103 (PFPE) | 20l°¥ 1.88
n-Hexane 18.431°° 0.6606
FC40 16" 1.855

Table 2. Overview of tested combinations between lubricant, surface patterning and intruding
liquid.

Infusing Water Mineral Oil Silicone Qil PFPE
liquid
Substrate’s OH PFDT  CHs OH PFDT CHz3 OH PFDT CHs OH
chemistry
Intruding
liquid
PFPE eadv 0 d eadv 0 Hadv 0 d eadv 37 eadv 34 - - =
erec O HI’EC O erec O erec 26 9rec 31
Silicone oil BOadv O d d d - - - Oagv 67  d d
Qrec O erec 58
Mineral oil Gadv O - - - Oadv 40 Bagy 29 Gaav 30 Oaav 74 d d
(9rec O (9rec 0 (9rec 0 erec 0 GI’SC 50
Cyclohexanol 6.y 0 Miscible Miscible Miscible fagy 26 Gaqv 50 d Oadv 67  d d
Orec 0 Orec 13 Orec 42 Orec 48.5
Water - Oagv 101 Haqy 100 d Oadv  Oadv 99 d Oagv 103 Oaqy  d
Orec 60  Orec 90 113 Hrec 91 Orec 100 121
erec 81 erec
83

d = displacement of the infused liquid by the intruding liquid,;
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Badv = advancing contact angle of the intruding liquid on a corresponding liquid-infused
surface;

Orec = receding contact angle of the intruding liquid on a corresponding liquid-infused surface;
Hydroxylated: OH; Perfluorynated: PFDT; Alkylated: CHs; Standard deviations can be found
in supplementary information.

Table 3. Sliding angles of solvents on PEDT-functionalized, PFPE-infused HEMA EDMA
Liquid Name Sliding angle [°]
Water 4.85+0.35
Glycerol .
Diiodomethane
(DIM)

DMSO
Dimethylformamide
(DMF)

Cyclohexanol
Mineral oil light -
bioreagent

Toluene
Dichloromethane
Ethanol

Silicone oil 10 cSt
n-Hexane
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