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ABSTRACT The oil-repellent performance of a poly(dimethylsiloxane)-based biomimetic replica (PDMS-replica) was tuned by
modifying its surface chemical composition. PDMS-replica possessing a complementary combination of hierarchical roughness and
mixed —CF5 and —SiCH5 terminal functionality was prepared in the presence of a surface-modifying agent, using nanocasting based
on soft lithography. PDMS-replica showed superhydrophobicity and enhanced oil repellency, 0. ~ 86°. PDMS-replica was further
modified with silica nanoparticles followed by chemical vapor deposition of (heptadecafluoro-1,1,2,2-tetrahydrodecyl)trichlorosilane.
The —CF; terminal, silica-modified PDMS-replica (i.e., PDMS-replica’¥“Fs) showed both superhydrophobic and high oil-repellent
properties (advancing 6,; ~ 120°). During the process of each chemical transformation, the surface pattern present on PDMS-replica
was preserved and monitored using scanning electron microscopy. Surface chemical compositions of PDMS-replica and PDMS-
replica®!®/“Fs were determined using X-ray photoelectron spectroscopy. Understanding the extent of adhesion on a biomimetic replica
possessing different surface chemical compositions and roughness would provide fundamental information for various applications.
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BACKGROUND
uperhydrophobic materials are emerging in many

industrial and biological applications, such as self-

cleaning/antistick (1—4) and antifouling (5—7) coat-
ings. Most of these materials (8—10) were fabricated by
mimicking micrometer- and nanometer-sized hierarchical
asperities present on a self-cleaning leaf surface (11, 12).
Nanocasting based on soft lithography (13, 14) was used to
fabricate superhydrophobic biomimetic materials, using a
natural leaf template (15). In this process, a reactive poly-
(dimethylsiloxane) (PDMS) blend was applied on a leaf
template, followed by curing it into the solid film. During the
process of solidification, the complement of the leaf’s surface
pattern was transferred on the solid negative replica. Simi-
larly, a negative replica was used as the template to develop
a superhydrophobic positive PDMS-replica. Previously re-
ported replicas (3—5, 16—24) did not exhibit oil-repellent
properties. Also, the extent of oil repellency on such replicas
possessing a complementary combination of hierarchical
surface roughness and chemical constitution has not been
studied so far.

Fundamentally (25—29), oil repellency attributes to the
close-packed —CF5 terminal functionality having a surface
energy (ys) of ~10 mJ/m?. Most of the oil with a surface
tension (yon) of 36 mJ/m? would exhibit a maximum contact
angle (6,y) of 87° on a flat solid surface if the dispersion
component of the solid surface energy (y,) is expressed by
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the equation (30—32) ys = vau(1 + cos 0,)/4. Furthermore,
oil repellency can be achieved only through a complemen-
tary combination of the —CF5 terminal functionality and
hierarchical surface roughness (33—40). McKinley and Co-
hen fabricated superoleophobic surfaces through a unique
combination of the —CF5 terminal functionality and “reen-
trant texture” (i.e., nanoscale concave structural topography)
(41, 42). These surfaces were prepared by electrospinning
of a polymer blend of fluoro polyhedral oligomeric silses-
quioxane and poly(methyl methacrylate) into a nonwoven
bristle like a microhoodoo structure etched on the silicon
metal. Gao et al. (43) developed oil-repellent surfaces by
fabricating a hierarchical porous structure, followed by
depositing tridecafluoro-1,1,2,2-tetrahydrooctyltrichlorosi-
lane (n-C¢F;3CH,CH,SiCls) on a silicon film. A similar concept
was used to achieve oil repellency on cotton (44—47),
cellulose (48, 49), and wool (50) through in situ deposition
of fluorinated silica particles.

The limited oil repellency of PDMS-replica (15) was
presumably be due to the —SiCH5 terminal functionality
(51, 52), which attributed to a surface energy of 22 mj/mz.
Our objective was to develop oil-repellent PDMS-replica via
a surface chemical modification approach. Our approach
was to replace the surface terminal —SiCH; of PDMS-replica
with —CF5 groups by preserving its original hierarchical
micrometer- and nanometer-sized surface pattern. Conven-
tionally, chemical modification of a flat PDMS film was
achieved via plasma oxidation followed by the formation of
self-assembled monolayers (SAMs) (53—57). However,
plasma oxidation has shown evidence of surface topographi-
cal alteration or damage on flat PDMS films (58). It is
therefore practically challenging to modify PDMS-replica in
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a similar manner because plasma could damage its delicate
surface asperities. Indeed, our data showed that prolonged
wet oxidation caused damage to the micrometer- and na-
nometer-sized hierarchical asperities present on PDMS-
replica (as described in the Results and Discussion).

In this paper, we demonstrate the preparation of oil-
repellent PDMS-replica possessing a —CF5 terminal func-
tionality and a hierarchical surface pattern. PDMS-replica
was first prepared in the presence of a surface-modifying
fluorocarbon agent, using nanocasting based on soft lithog-
raphy. During the casting process, the fluorocarbon was
expected to segregate and embed in the surface composition
of PDMS-replica. Surface-modified PDMS-replica possessing
a complementary combination of hierarchical roughness
and mixed —CF5 and -SiCH5 terminal functionality showed
oil repellency (6,; ~ 86°). This oil-repellent performance of
PDMS-replica was further enhanced by fully replacing
—SiCHj5 terminal groups with —CF5. PDMS-replica was fur-
ther modified with silica nanoparticles, followed by chemical
vapor deposition of (heptadecafluoro-1,1,2,2-tetrahydrode-
cybtrichlorosilane. The —CF5 terminal, silica-modified PDMS-
replica (i.e., PDMS-replica®™¥fs) showed both superhydro-
phobic and high oil-repellent properties (advancing 6,y ~
120°). During the process of each chemical transformation,
the micrometer- and nanometer-sized surface pattern present
on PDMsS-replica was preserved and monitored using scan-
ning electron microscopy (SEM). The surface chemical com-
positions of PDMS-replica and PDMS-replica®™®“Fs were
determined using X-ray photoelectron spectroscopy (XPS).

EXPERIMENTAL SECTION

Materials. (Heptadecafluoro-1,1,2,2-tetrahydrodecyl)trichlo-
rosilane [99 %, having molecular formula Cl5Si(CH>),(CF,);CFs]
was purchased from Gelest and used as the freshly prepared
0.1 % active solution in dry paraffin oil (Aldrich). Sylgard-184
was purchased from Dow Corning. Tetraethyl orthosilicate
(98 %), hydrogen peroxide (30 %), and an ammonia solution
(30%) were purchased from Sigma-Aldrich.

Preparation of PDMS-Replica Using Colocasia Leaf. Fresh
colocasia leaf (facing the bottom part upward) was placed in a
polystyrene Petri dish (100 x 15 mm). The reactive PDMS blend
was prepared by mixing a silicone elastomer base and a curing
agent (Sylgard-184) in a weight ratio of 10:1 (59). The viscous
blend was poured onto a leaf placed in a Petri dish. The trapped
air bubbles were removed by applying a gentle vacuum (100
mm) for 15—20 min. When the blend was completely free of
air bubbles, it was cured at 25 °C in a dust-free chamber for
approximately 24 h. The solid negative replica of the leaf
(negative PDMS-replica; area ~6—8 cm?, thickness ~2—5 mm)
was kept in the oven at 60 °C for 1 h. It was peeled carefully
from the leaf, washed gently with distilled water, and purged
with nitrogen. The negative PDMS-replica was transferred into
a chamber, where it was exposed to the vapors of (heptadecaf-
luoro-1,1,2,2-tetrahydrodecyl)trichlorosilane for 1 h, under re-
duced pressure (~1 mmHg). The fluorocarbon-coated negative
PDMS-replica (facing the negatively patterned surface upward)
was placed in a polystyrene Petri dish (100 x 15 mm). The
reactive PDMS blend was again poured on the fluorocarbon-
coated negative PDMS-replica. The blend was cured and peeled
from it to obtain PDMS-replica.

Preparation of —CF; Terminal, Silica-Modified PDMS-
Replica (PDMS-Replica®!“¥Fs), PDMS-replica (area ~4 cm? and
thickness ~5 mm) was treated with a mixture of hydrogen
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peroxide (30%, 1 part), hydrochloric acid (36 %, 1 part), and
water (2 parts) for 10 min. The oxidized PDMS-replica (i.e.,
PDMS-replica®™) was washed with distilled water and purged
with nitrogen gas. The dry PDMS-replica®! was immediately
treated with a sol—gel mixture of tetraethyl orthosilicate (1 part),
ammonia (1 part), and ethanol (15 parts). The mixture was left
undisturbed for 2 h. The silica-modified positive replica (PDMS-
replica®!’®) was washed with ethanol and purged with nitrogen
gas. The dry PDMS-replica®@ was immediately transferred into
a chamber, where it was exposed to the vapors of (heptadecaf-
luoro-1,1,2,2-tetrahydrodecyl)trichlorosilane for 1 h, under re-
duced pressure (~1 mmHg). After curing at 60 °C for about 1 h,
the adsorbed chlorosilane was assumed to react with the silanol
groups present on PDMS-replica®'® to yield —CF5 terminal,
silica-modified positive replica (PDMS-replicas!®¥cFs) Both CF;
terminal, flat PDMS (PDMS®™) and silica-modified PDMS
(PDMS®€aeFs) films were prepared using a similar procedure.

SEM of PDMS-Replicas. Topographical changes on surface-
modified PDMS-replica were evaluated with a Hitachi S-47 field-
emission scanning electron microscope using an acceleration
potential of 10 kV. Before imaging, the replicas were sputter-
coated with a gold layer of thickness 50 nm using a Hitachi
capital e-1010 ion sputter coater (operation parameters: work-
ing pressure 0.05 mbar, distance 50 mm, current 30 mA, and
time 120 s).

Wettability Method. Contact angles were measured at room
temperature with a Kruss (GmbH Germany) G 10 goniometer.
The advancing and receding contact-angle measurements of
water on replica surfaces were carried out using a sessile-drop
technique (60). The contact angles with the replica film surface
were measured using a telescope fitted with a video camera.
The advancing and receding contact angles were recorded by
continuously supplying and withdrawing water through the
needle, respectively. The aqueous stain solutions were prepared
by dissolving 0.001 % methylene blue in water. The static
contact-angle measurement of oil (glyceryl trioleate) on the
replica surfaces was carried out using a sessile-drop technique.

XPS. The surface chemical compositions of PDMS-replica and
PDMS-replica!i®“Fs were determined using XPS with a ESCA-
3000 instrument (VG Scientific, U.K.). X-rays were generated
using a water-cooled high-intensity rotating Al Ko source, at a
power of 150 W. The thin films of replica (area 1 ¢cm? and
thickness 5 mm) were used for XPS analysis. The pass energy
of 50 eV was used for survey spectra. For the high-resolution
spectra, Si 2p (102 eV), Si 2s (152 eV), C 1s (284 eV), O 1s (532
eV), and F 1s (688 eV) regions were acquired with a pass energy
of 50 eV at a 90° takeoff angle. Spectra were interpreted by
referring to the Scienta ESCA300 database (61, 62). The Gauss-
ian peak deconvolution analysis was performed using Peak fit
v4.11 software (SPSS Inc.).

RESULTS AND DISCUSSION

Superhydrophobic and Oil-Repellent PDMS-
Replica. The superhydrophobic property of self-cleaning
plants is well-known because of the hierarchical micrometer-
and nanometer-sized pattern present on their leaf surface.
A typical SEM of the bottom side of the dry natural colocasia
leaf observed under low vacuum revealed the presence of a
periodic array of flower-shaped protuberance, as shown in
Figure 1A. The magnified SEM image in Figure 1B indicates
that each protuberance has an average diameter of 12 um
with a special distance of ~20 um between them. A further
magnified SEM image in Figure 1C shows that the individual
flower-shaped protuberances possessed a fiberlike mesh
structure, with an average fiber width of less than a mi-
crometer. The optical picture of a water drop (containing
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FIGURE 1. SEM images of the bottom side of a dry colocasia leaf showing (A) an array of flower-shaped protuberances (scale bar 50 um), (B)
a pair of protuberances (scale bar 20 um), (C) a fiberlike mesh structure present on each protuberance (scale bar 10 xm), and (D) an optical
picture of a water drop (containing 0.001% methylene blue) on the bottom side of the colocasia leaf surface.
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FIGURE 2. Preparation of a positive replica of a colocasia leaf (PDMS-
replica).

0.001 % methylene blue) on the bottom side of the colocasia
leaf surface is shown in Figure 1D.

Hang et al. (15) described the fabrication of PDMS-replica
using nanocasting based on soft lithography. As described
in Figure 2, we applied a reactive PDMS blend on the bottom
side of a fresh colocasia leaf. During the process of solidifica-
tion, it was assumed that the complement of the original
leaf’s surface pattern would transfer onto the solid negative
replica.

A typical SEM (Figure 3A) of negative PDMS-replica
observed at low vacuum showed a hierarchical array of pits
originating from the flower-shaped protuberance present on
the leaf surface, as shown in Figure 1A,B. The diameter of
each pit was about 10 um with a special distance of about
25 um between them. The magnified SEM image in Figure
3B revealed that the pit wall and its vicinity area were
patterned with an array of channels originating from the
fiberlike mesh structure present on each protuberance of leaf
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(Figure 1C). The channel width was found to be less than a
micrometer.

Next, we deposited a monolayer of the (heptadecafluoro-
1,1,2,2-tetrahydrodecyl)trichlorosilane release agent on the
negative PDMS-replica surface. The reactive PDMS blend
was applied on a fluorocarbon-modified negative PDMS-
replica. During the process of solidification, it was assumed
that the complement of a negative PDMS-replica surface
pattern would transfer on the solid positive replica. Also, the
fluorocarbon release agent present on negative PDMS-
replica was expected to segregate and embed in the surface
composition of PDMS-replica. Hence, the PDMS-replica
surface was found to be modified with fluorocarbon, which
showed enhanced oil repellency.

The surface topography of PDMS-replica (Figure 3C,D)
was similar to that of a natural colocasia leaf (Figure 1C). A
typical SEM (Figure 3C) of the positive replica (PDMS-replica)
observed at low vacuum showed a hierarchical array of
flower-shaped protuberances originating from the pits present
on negative PDMS-replica, as shown in Figure 3A. It also
indicates that each protuberance has an average diameter
of 12 um with a special distance of ~20 um between them.
The magnified SEM image in Figure 3D revealed that the
individual flower-shaped protuberances possessed a fiberlike
mesh structure originating from the channels present on the
pit wall, as shown in Figure 3B. The fiber width was found
to be less than a micrometer.

Surface Chemical Composition and Wetta-
bility of PDMS-Replica. Both a natural colocasia leaf as
well as an artificial leaf (PDMS-replica) offered advancing and
receding contact angles (Owaer) Of ~150° and 140°, respec-
tively, with water. We observed low contact angles of oil on
both flat PDMS and negative PDMS-replica (0, ~ 45°)
presumably because of the presence of —SiCHs5 terminal
groups. Our previous XPS studies (52) indicated that the
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FIGURE 3. SEM images of (A) an array of pits present on negative PDMS-replica (scale bar 100 xm), (B) a channellike structure present on the
pit wall and its vicinity (scale bar 10 um), (C) an array of flower-shaped protuberances present on PDMS-replica (scale bar 100 ym), and (D)
a fiberlike mesh structure present on each protuberance and its vicinity (scale bar 10 xm).
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FIGURE 4. (A) Plausible surface and bulk chemical composition of PDMS-replica. (B) XPS survey spectrum at a 90° takeoff angle from PDMS-

replica.

PDMS films possess —SiCH5 terminal groups, which attribute
to a surface energy of ~22 mJ/m?. Interestingly, relatively
higher contact of oil was observed on PDMS-replica (0 ~
86°) than on flat PDMS and negative PDMS-replica. This was
observed to be due to the presence of embedded fluorocar-
bon in the surface composition of PDMS-replica. A plausible
surface and bulk chemical composition of modified PDMS-
replica is shown in Figure 4A. The surface chemical compo-
sition of PDMS-replica was determined using XPS. In Figure
4B, XPS survey spectrum of PDMS-replica shows peaks at
688, 532, 284, 152, and 102 eV due to F 1s, O 1s, C Is, Si
2s, and Si 2p, respectively.

www.acsami.org

VOL. 1 «NO. 11 ® 2636-2644 « 2009

High-resolution spectra of Si 2p (102 eV), C 1s (284 eV),
O 1s (532 eV), and F 1s (688 eV) regions are shown in Figure
5. The peak corresponding to a C atom bound to a H atom,
specifically the signals due to the C—H groups present in the
PDMS segments, appeared at 284.15 eV. In addition, rela-
tively low intensity peaks corresponding to a C atom bonded
toaFatom, specifically —SiCH,CH»(CF,);CF5 and —SiCH,CH,-
(CF,);CF5, appeared at 291.26 and 292.4 eV, respectively.
The peaks corresponding to Si and O atoms, specifically
signals due to Si—O groups present in the PDMS segments,
appeared at 101.8 (Si 2p) and 532.09 (O 1s) eV, respectively.
A relatively low intensity peaks corresponding to Si—O
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FIGURE 5. XPS spectra of the Si 2p, C 1s, O 1s, and F 1s regions at 90° takeoff angle from PDMS-replica: (- - -) data; (—) Gaussian sum.
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groups, specifically the —(0);SiCH,(CF,);CF5 network, ap- ingly, XPS data obtained from PDMS-replica revealed the
peared at 103.8 eV. Also, a peak corresponding to a F atom, presence of both —CF5 and —SiCHs5 terminal functional
specifically —(CH,)(CF,);CF5, appeared at 688.6 eV. Interest- groups on its surface. Hence, PDMS-replica offered en-
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FIGURE 7. SEM images of surface patterns present on PDMS-replica after treatment with an oxidizing solution for (A) 15, (B) 30, and (C)
60 min. Magnified SEM images of surface patterns present on PDMS-replica (D) before and (E) after treatment with an oxidizing solution

for 60 min.
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FIGURE 8. (A) Plausible surface and bulk chemical composition of PDMS-replicasili?“Fs_ (B) XPS survey spectrum at a 90° takeoff angle from

PDMS-replicasilica/CFs,

hanced oil repellency, although it did not meet our expecta-
tion of superoleophobicity. Therefore, further high oil repel-
lency on PDMS-replica can be achieved only if —SiCHj;
terminal groups are fully replaced with —CF5 by preserving
its original hierarchical micrometer- and nanometer-sized
surface pattern.

Oil-Repellent PDMS-Replicasli“Fs via Che-
mical Functionalization of PDMS-Replica. Surface
chemical modification of a flat PDMS film was achieved by
forming a SAM of organosilanes on its plasma-oxidized
surface (563—57). Plasma surface modification provides an
interfacial chemical structure like silica on PDMS that is
suitable for chemical functionalization (63). We had initially
planned surface modification of PDMS-replica through plasma
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oxidation. However, it is known that plasma oxidation alters
the surface topography of flat PDMS films (58). We therefore
did not rule out the possibility that plasma oxidation could
damage or alter the hierarchical micrometer- and nanom-
eter-sized pattern already present on the PDMS-replica
surface.

Chemical functionalization of PDMS-replica was therefore
performed via a mild wet oxidation treatment (64). As
indicated in Figure 6, PDMS-replica was treated with an
oxidizing solution for different times. Undesirable topo-
graphical surface changes occurring on PDMS-replica be-
cause of the wet oxidation treatment were monitored using
SEM.
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FIGURE 9. XPS spectra of Si 2p, C 1s, O 1s, and F 1s regions at a 90° takeoff angle from PDMS-replicai¥“Fs; (- - -) data; (—) Gaussian sum.
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FIGURE 10. SEM images of PDMS-replica®“*Fs showing (A) an array of flower-shaped protuberances (scale bar 100 xm), (B) silica-modified
protuberances (scale bar 10 um), (C) a silica-modified fiberlike mesh structure present on each protuberance (scale bar 5 um), and (D) a
goniometer telescope—video image of oil and optical images of oil and water drops on the PDMS-replicas!i¥“Fs surface.

2642 IPEHAPPLIED MATERIALS VOL. 1 #NO. 11+ 2636-2644 » 2009 Ghosh et al. www.acsami.org
XINTERFACES




Oil drop image

140
120
100
80
60

20

Contact Angle of Oil

-CF, & SiCH,

------------------------- Surface Chemical Composition ------------------ccceeeeen

FIGURE 11. Contact angles and goniometer telescope—video images of oil on various patterned and nonpatterned surfaces.

Different surface morphologies of PDMS-replica obtained
after treatment with an oxidizing solution for 15, 30, and
60 min are shown in Figure 7A—C. We observed that
prolonged treatment of PDMS-replica with an oxidizing
solution partly, or in some cases fully, damaged the nanom-
eter-sized fiberlike mesh structure. Figure 7E reveals a
magnified image of a completely damaged fiberlike mesh
structure present on the protuberance after 60 min of
treatment with an oxidizing solution. Optimized oxidation
treatment for only 10 min turned PDMS-replica hydrophilic,
showing an advancing contact angle of water (Oyaer ~ 35°).
The surface hydrophilicity reflected the formation of silanol
(Si—OH) groups on the oxidized PDMS-replica surface. As
shown in Figure 6, oxidized PDMS-replica (PDMS-replica®")
was treated with a sol—gel mixture (65, 66) of ethanol,
tetraethyl orthosilicate, ammonia, and ethanol with a vol-
ume ratio of 1:1:15, respectively, for 2 h. This treatment
triggered the formation of nanosilica particles on the PDMS-
replica® surface. The silanol-terminated, silica-modified
PDMS-replica (PDMS-replica®d) was immediately treated
with (heptadecafluoro-1,1,2,2-tetrahydrodecyl)trichlorosi-
lane under vacuum. The adsorbed chlorosilane was intended
to react with the silanol groups present on PDMS-replicas!ca
to yield PDMS-replicasiica/cFs,

Surface Chemical Composition and Wetta-
bility of Oil-Repellent PDMS-Replica®!i@“Fs, surface
compositions of PDMS-replicas@“"s were determined using
XPS. The plausible surface and bulk chemical composition
of PDMS-replica®acFs js shown in Figure 8A. The presence
of a —CF; terminal functionality on the PDMS-replicaS!ica/cF3
surface was confirmed by XPS. In Figure 8B, the XPS survey
spectrum of PDMS-replica’'“@“"s shows an intense peak at
690 eV due to F 1s along with relatively low intensity peaks
at535,290, 157, and 105 eV dueto O 1s, C 1s, Si 2s, and Si
2p, respectively. The F 1s peak was observed because of the
presence of fluorocarbon SAMs on PDMS-replica®iica/cFs,
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High-resolution spectra of Si 2p (105 eV), C 1s (290 eV),
O 1s (635 eV), and F 1s (690 eV) regions are indicated in
Figure 9. The intensities of the strong peaks at 101.8 (Si 2p),
284.14 (C 1s), and 532.09 (O 1s) eV corresponding to the
terminal —Si(CHs),O— groups from PDMS-replica decreased
dramatically because of deposition of the CF5 terminal silica
network on its surface.

The additional peak corresponding to a C atom bonded
to a F atom, specifically —SiCH,CH,CF,(CF,)CF5, appeared
at 293.6 eV. The relatively low intensity peaks due to
—SiCH,CH,CF,(CF,)6CF5, —SiCH,CH,CF,(CF;)6CF5, —SiCH,-
CH,CF,(CF,)CF3, and —SiCH,CH,CF,(CF,),CF5 appeared at
295.1, 291.5, 288.8 and 287.3 eV, respectively. The peaks
corresponding to Si and O atoms, specifically signals due to
Si—O groups in the silica network, appeared at 105.5 (Si 2p)
and 534.92 (O 1s) eV, respectively. Also, a peak correspond-
ing to a F atom, specifically —CH,(CF,);CFs, appeared at 690
eV. SEM analysis of PDMS-replica®¥“fs showed an intact
hierarchical array of flower-shaped protuberances (Figure
10A). The magnified SEM image in Figure 10B revealed that
the individual flower-shaped protuberances possessed a
silica-coated fiberlike mesh structure. The further magnified
SEM image in Figure 10C showed that each fiber was coated
with silica having an average particle size of less than 400
nm. PDMS-replica!®“s showed both superhydrophobic
(advancing O,uer ~ 155° and receding Oyaer ~ 142°) and
high oil-repellent properties (advancing 6,; ~ 120° and
receding Oy ~ 102°) in Figure 10D.

A theoretical correlation of the surface roughness, chemi-
cal composition, and oil repellency is not yet understood.
We presume that this system fits in a mixture of Wenzel (67)
(penetration) and Cassie—Baxter (suspension) (68) states. A
summary of the goniometer telescope—video images of oil
on various types of oil surfaces is shown in Figure 11.
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SUMMARY
The oil-repellent performance of biomimetic PDMS-

replica was tuned by modifying its surface chemical com-
position. The reactive nanosilica particles were generated on
a mild oxidized PDMS-replica surface, followed by deposi-
tion of (heptadecafluoro-1,1,2,2-tetrahydrodecyl)trichlorosi-
lane. The —CFs5 terminal, silica-modified PDMS-replica showed
both superhydrophobic (Oyaer ~ 155°) and high oil-repellent
properties (advancing 6, ~ 120°). Polymeric materials
possessing a desired surface energy and biomimetic rough-
ness were prepared using a simple and cost-effective ap-
proach. This type of performance could be useful in various
surface applications including nonstick coatings, fouling-
resistant coatings, paints, and adhesives.
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