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Nepenthes Pitcher Inspired Anti-Wetting Silicone
Nanofilaments Coatings: Preparation, Unique Anti-Wetting

and Self-Cleaning Behaviors

Junping Zhang,* Aigin Wang, and Stefan Seeger

Nepenthes pitcher inspired anti-wetting coatings, fluoro-SNs/Krytox, are
successfully fabricated by the combination of fluoro-silicone nanofilaments
(fluoro-SNs) and Krytox liquids, perfluoropolyethers. Fluoro-SNs with dif-
ferent microstructure are grown onto glass slides using trichloromethylsilane
by simply repeating the coating step, and then modified with TH,1H,2H,2H-
perfluorodecyltrichlorosilane. Subsequently, the Krytox liquid is spread on
the fluoro-SNs coatings via capillary effect. The fluoro-SNs/Krytox coatings
feature ultra-low sliding angle for various liquids, excellent stability, and
transparency. The sliding speed of liquid drops on the fluoro-SNs/Krytox
coating is obviously slower than on the lotus inspired superhydrophobic and

but adhere on the surface and cannot roll
down.M This means these surfaces have
no self-cleaning property once encoun-
tered non-polar liquids. In fact, materials
of both very low surface tension and spe-
cial microstructure are necessary in order
to weaken the interaction between drop-
lets and surfaces, which is very important
for non-polar liquids to roll down.P! Until
now, only a few studies reported very low
sliding angle (SA <10°) for non-polar lig-
uids by using fluoro-POSS with very low
surface tension or by introducing some
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superoleophobic coatings, and is controlled by composition of the coating
(e.g., morphology of the fluoro-SNs, type of Krytox and its thickness) and
properties of the liquid drops (e.g., density and surface tension). In addition,
the self-cleaning property of the fluoro-SNs/Krytox coating is closely related

to properties of liquid drops and dirt.

1. Introduction

Inspired by the self-cleaning property of lotus leaf, superhydro-
phobic surfaces develop very quickly.l'! Now, it is well known
that the combination of proper surface roughness and mate-
rials with low surface energy is a successful way to prepare
superhydrophobic surfaces.l?l However, it is very challenging to
create superoleophobic surfaces that resist wetting of non-polar
liquids because of their low surface tension, for example, n-hex-
adecane (27.5 mN m™) and n-decane (23.8 mN m™!), compared
to water (72.8 mN m™). With the experience of designing
superhydrophobic surfaces, many groups have tried various
techniques to create superoleophobic surfaces.>*l However,
droplets of non-polar liquids often have high contact angles
(CA =150°) on most of the reported superoleophobic surfaces
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special patterns like “overhang structures”,
“re-entrant surface curvatures”, candle
soot, and silicone nanofilaments (SNs).[>7]
For example, mushroom-like micropillar
arrays were used to prepare superomni-
phobic surfaces with high transparency
by Suh and co-workers. /] However, these
superoleophobic surfaces still have many
problems such as low mechanical stability, failure under pres-
sure, and high production cost, which seriously restrict their
potential applications.

To address these problems, Jiang and colleagues developed a
feasible strategy in 2009 to create low-adhesive superoleophobic
interfaces inspired by fish scales.®l Aizenberg and co-workers
designed slippery liquid-infused porous surfaces (SLIPS)
inspired by Nepenthes pitcher.’) The SLIPS show overwhelming
properties over all the state-of-the-art superoleophobic coat-
ings, according to the authors’ statement, in many respects, for
example, repel various liquids and quick self-healing after phys-
ical damage. These new anti-wetting surfaces generate exten-
sive attention!'®!!l and show promising applications in many
fields including anti-icing and anti-biofouling.'”) The previous
studies on these new coatings are encouraging, but additional
research is needed before applications will emerge.!% The
information we have got about them is just the tip of the ice-
berg in comparison with the well developed superhydrophobic
coatings. For example, there is no difference in SA for all
the investigated liquids on SLIPS.! However, we found that
the sliding speed of liquid droplets on the Nepenthes pitcher
inspired coatings is different from each other, and is obviously
slower than on the traditional lotus-inspired superhydrophobic
and superoleophobic coatings.

Here, we report fluoro-SNs/Krytox anti-wetting coatings
inspired by Nepenthes pitcher on the basis of our work about
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Figure 1. Preparation of the fluoro-SNs/Krytox anti-wetting coatings. a) Image of Nepenthes
pitcher, SEM (titled view, 90°) of b) fluoro-SNs1 and c) fluoro-SNs1/Krytox 100 coatings on
glass slides, d) various liquids on the fluoro-SNs1/Krytox 100 coating, and e) optical graphs
of water (up) and n-decane (down) drops (10 pL) on the fluoro-SNs1/Krytox 100 coating. The
water and ethanol drops in (d) were colored with methylene blue (MB). The n-hexadecane and
n-decane drops in (d) were colored with oil red O (OR).

SNs (Figure la—).”'3l The coatings feature ultra-low sliding
angle for various liquids, excellent stability, and transparency.
The sliding speed of liquid drop and the self-cleaning property
can be controlled by composition of the coating, properties of
liquid drop and dirt.

2. Results and Discussion
2.1. Preparation of the Fluoro-SNs/Krytox Anti-Wetting Coatings

The fluoro-SNs/Krytox coatings were prepared by the combina-
tion of fluoro-SNs coated glass slide and Krytox liquid, a per-
fluoropolyether. Firstly, SNs with different microstructure were
grown onto glass slides using trichloromethylsilane (TCMS)
by simply repeating the coating step. Subsequently, the SNs
were modified with 1H,1H,2H,2H-perfluorodecyltrichlorosi-
lane (PFDTS) to get fluoro-SNs. This is important to decrease
the surface tension of SNs and match with the Krytox liquid.
Finally, the Krytox liquid was spread on the fluoro-SNs coated
glass slide via capillary effect. Thus, the lotus-inspired supero-
leophobic fluoro-SNs coating acting via heterogeneous liquid/
solid interface was converted to the pitcher-inspired anti-wet-
ting fluoro-SNs/Krytox coating acting via homogeneous liquid/
liquid interface.

The hydrolysis of TCMS in toluene with a water concentra-
tion of 120 ppm generates a large amount of SNs on the surface
of glass slide (Figure 1b and Figure S1, Supporting Informa-
tion). The SNs are 50-90 nm in diameter, several micrometers
in length and about 9 pm in thickness. The rough topography
of the SNs coating and the preferred presence of the methyl
groups at the surface of SNs generate a superhydrophobic sur-
face (CAyaier = 170° and SA.ier = 2°). This surface can be easily
wetted by the Krytox liquid, but cannot hold it in place owing to
their big surface tension difference. The SNs must be modified
with fluorochemicals to decrease the surface tension in order to
firmly hold the Krytox liquid. Here, the SNs were treated with
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O,-plasma to convert the hydrophobic methyl
groups on the surface of SNs to hydrophilic
hydroxyl groups while keeping the SNs skel-
eton intact, and then modified with PFDTS
to get the fluoro-SNs. Once the Krytox liquid
was dropped onto the fluoro-SNs coating, it
quickly wetted and spread out on the whole
fluoro-SNs coating via capillary effect. Con-
sequently, the Krytox liquid was firmly held
among the fluoro-SNs and the anti-wetting
fluoro-SNs/Krytox coating was fabricated.

2.2. Anti-Wetting Behaviors of the
Fluoro-SNs/Krytox Coatings

The fluoro-SNs/Krytox coatings feature
ultra-low SA for various liquids (e.g., water,
n-hexadecane and n-decane), excellent sta-
bility (e.g., mechanical, chemical, and envi-
ronmental) and transparency (Figure 1d,e).
On the fluoro-SNs/Krytox coating, the sliding speed of liquids
is evidently slower than on the traditional superhydrophobic
and superoleophobic coatings (Movie S1, Supporting Informa-
tion), and is obviously different from each other. In this section,
various factors influencing the anti-wetting behaviors (sliding
speed, SA and CA) of the fluoro-SNs/Krytox coatings were
investigated.

The microstructure of fluoro-SNs and the thickness of the
Krytox layer have influences on CA and SA, especially sliding
speed, of water and n-decane (Figure 2 and Figure S2, Sup-
porting Information).

An evident decrease in CA of water and n-decane was
observed once the fluoro-SNs1 coating (CA = 162.5° for a 5 uL
n-decane dropl’)) was converted to the fluoro-SNs1/Krytox100
coating. A slight decrease in CA was recorded with increasing
thickness of the Krytox100 layer from 5 um to 10 um, and then
remained constant. The fluoro-SNs coating (=9 um in thick-
ness) should be completely covered by the Krytox100 layer (=10
um). Or else, the exposed wetted fluoro-SNs could interact with
the water and n-decane drops, and made them difficult to roll
down the surface. Similar to the variation of CA, SA remains
very low when the Krytox100 layer is over 10 um. These
results are consistent with Aizenberg and co-workers’ report.!
However, obviously slower sliding speed of liquid drops was
observed on the fluoro-SNs/Krytox coating compared to the
fluoro-SNs coating. As is well known, liquid droplets could
roll off a tilted lotus-inspired superhydrophobic or superoleo-
phobic surface in the twinkling of an eye. However, the liquid
drops need a few seconds or even a few minutes to roll off a
wafer scale, for example, 40 mm, fluoro-SNs/Krytox coating.
This indicates the stronger interaction between liquid drops
and the fluoro-SNs/Krytox coating, originating from the fric-
tion and adhesion forces between them. Different from CA and
SA, the sliding speed increases evidently with increasing thick-
ness of the Krytox100 layer to 25 um (Figure 2a). For example,
the sliding speed of n-decane increases from 2.13 mm s
to 8.12 mm s on the fluoro-SNs2/Krytox100 surface with
increasing the thickness of the Krytox100 layer from 10 pm to
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Figure 2. a) Variation of sliding speed (on 10° tilted sample) of water and n-decane drops (10 L)
with structure of SNs and thickness of Krytox100 layer on the fluoro-SNs/Krytox100 coatings.
SEM images of b) SNs1, ¢) SNs2, and d) SNs3.

25 um. Drops of the same liquids cannot mix with each other
with further increase in thickness to 30 um. This means there
is an immiscible layer between them and formation of cloaked
drops (Figure S3, Supporting Information). The smooth
Krytox100 layer could be deformed by gravity of drops, surface
tension and interaction with drops, which makes it possible for
the contact of liquid drops with the fluoro-SNs beneath the thin
Krytox100 layer, for example, 10 um (Figure S4, Supporting
Information). With increasing the thickness of Krytox100 layer,
the contact between drops and fluoro-SNs was avoided, and
then the increased sliding speed was observed. So, the thick-
ness of Krytox100 layer above the fluoro-SNs coating plays an
important role in influencing the sliding speed. A Krytox100
layer with a thickness of 20-25 pum is necessary to ensure excel-
lent anti-wetting performance (high sliding speed and low SA)
of the fluoro-SNs/Krytox100 coatings.

The morphology and density of the fluoro-SNs coating can
be controlled by repeating the TCMS coating and O,-plasma
treatment steps (Figure 2b—d). TCMS prefers to anchor onto the
surface of O,-plasma treated SNs rather than forming new SNs.
Thus, the density and roughness of the SNs coating are in the
order of SN1<SN2<SN3, but the thickness remains constant
(Figure S5, Supporting Information). No change in CA of water
and n-decane was observed by varying microstructure of the
fluoro-SNs coating (Figure S2, Supporting Information). Their
influence in SA was only observed at low thickness (<10 pm) of
the Krytox100 layer. The sliding speed increases with increasing
the coating cycles (Figure 2a), especially at lower thickness of the
Krytox100 layer and for n-decane. This is because the space
in the fluoro-SNs coating to hold Krytox100 is in the order of
SN1>SN2>SN3. Thus, the thickness of Krytox100 layer above
the fluoro-SNs coating increases with increasing the coating
cycles, which facilitates quick movement of the liquid drops.

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Liquid drops can move on a tilted surface
via rolling and/or sliding motions depending
on the forces and force moments loaded on
them. No rolling motion was observed for all
the liquids investigated on the fluoro-SNs/
Krytox coating when the tilting angle <10°.
Considering a condition (e.g., drops with low
CA on a slightly tilted surface) without rolling,
the liquid drop can move via sliding on a sur-
face only when F; (parallel component of
gravity) > f (friction force between liquid drop
and coating) (Figure 3a).l'* IF; is determined
by the gravity (density and volume) of liquid
drop and the tilting angle. f should relate to
physical properties of the liquid drop (e.g.,
surface tension and polarity), its contact area
with the surface (e.g., CA and volume), and
properties of the surface (e.g., chemical com-
position and roughness).I"” For the pitcher-
inspired fluoro-SNs/Krytox coatings in this
study, f should also relate to viscosity of the
Krytox liquid. f is responsible for the defor-
mation of liquid drops on the tilted surface
and frequently observed CA hysteresis.

The influences of F; and f on SA and
sliding speed were studied (Figure 3b-d
and Figures S6,S7, Supporting Information). The liquid drop
needs to deform the Krytox layer while moving on the fluoro-
SNs/Krytox coatings. The increase in viscosity of the Krytox
liquid (Table S1, Supporting Information) increases the fric-
tion force and makes the Krytox layer difficult to be deformed,
which results in increase of SA and evident decrease of sliding
speed (Figure S6b, Supporting Information, and Figure 3b).
Similar phenomenon was observed by Hozumi and co-workers
in improving the mobility of alkane liquid drops using PDMS
brush films of different molecular weights.I'l The SA of water
and n-decane droplets on the fluoro-SNs2/Krytox107 coating is
around 12°. So, the water and n-decane drops cannot move on
the 10° tilted fluoro-SNs2/Krytox107 surface. Krytox107 imparts
a more solid-like character to the surface, which provides more
resistance to the movement of the probe liquids. The increases
in volume of liquid drop and tilting angle could enhance Fj,
which is of great benefit to the sliding speed. Consequently,
an increase in sliding speed and a decrease in SA (Figure S7b,
Supporting Information) were observed by increasing the
volume. Similar phenomena also can be seen by increasing the
tilting angle.

The CA of all the investigated liquid droplets (Table S2, Sup-
porting Information) on the fluoro-SNs2/Krytox100 coating
increases with increasing the surface tension (Figure S8a,
Supporting Information). The fluoro-SNs2/Krytox100 coating
shows excellent anti-wetting properties. The SA of all the liquid
droplets remains below 4° and has no obvious correlation with
their surface tension (Figure S8b, Supporting Information). All
the liquid droplets, such as various polar and non-polar liquids,
commercial oils, and aqueous solutions (Table S3, Supporting
Information), could easily roll off the coating.

Interestingly, the sliding speed of liquid drops changes
irregularly with their surface tension (Figure S9, Supporting

Adv. Funct. Mater. 2014, 24, 1074-1080
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Figure 3. a) The forces loaded on the liquid drop on the titled fluoro-SNs/Krytox coating. Variation of sliding speed with b) kind of Krytox liquid on the
10° tilted fluoro-SNs2/Krytox coatings (10 pL drop), c) volume of liquid drop (on 10° tilted sample), and d) tilting angle (20 uL drop) on the fluoro-

SNs2/Krytox100 coating. The thickness of the Krytox layer is 25 pm.

Information). By analyzing the data, it is found that the sliding
speed depends on many of the physical parameters of liquid
drops, such as density, surface tension, and polarity. Surface
tension is not the decisive factor in influencing the sliding
speed. The sliding speed is in the order of chloroform and diio-
domethane (5.8 mm s~! and 4.3 mm s7!, respectively) > alkanes
and arenes > N, O-containing liquids (including water) > meth-
anol and ethanol (Figure 4a). The obviously higher sliding
speed of chloroform and diiodomethane is because of their
higher density, which means greater F;. The F; of chloroform
and diiodomethane is four to five times of the other liquids
with a density of about 1 g mL™". The higher sliding speed of all
the investigated alkanes and arenes than the N, O-containing
liquids indicates smaller fof alkanes and arenes with the fluoro-
SNs2/Krytox100 coating since their density are comparable.
The reductions in resistance to liquid drop movement are due
to the extended chain conformations of Krytox100 with alkanes
and arenes compared to the collapsed conformations with the
N, O-containing liquids.'® Therefore, sliding speed of alkanes
and arenes was higher than that of the N, O-containing liquids.
Similar result was reported for the SA of alkanes and water on
the PDMS coated liquid-like surface.l'”! For alkanes and arenes,
the sliding speed increases with increasing the surface tension.
This is because the increase in surface tension could enhance
CA and decrease the contact area of drop with the coating,
which is helpful to reduce f. In addition, the density of alkanes
and arenes gradually increases along with the surface tension
by increasing the chain length, which increases F; and also
contributes to the higher sliding speed. It is difficult to find

Adv. Funct. Mater. 2014, 24, 1074-1080

© 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

specific tendency of sliding speed for the N, O-containing lig-
uids owing to their big differences in surface tension, viscosity,
and density, which mean irregular variation of F; and f. The
lowest sliding speed of methanol and ethanol is attributed to
their low density (smaller F;) and high adhesion force (larger f)
with the coating. It should be noted that sliding speed measure-
ments are scarce in reports describing wettability of surfaces,
especially for lotus-inspired superhydrophobic surfaces and
the pitcher-inspired anti-wetting surfaces. The recorded sliding
speed is owing to the synergistic effect of F; and f, which are
closely related to the aforementioned factors. For example,
water, a frequently used probe liquid, has higher density than
n-decane, indicating larger F;. However, the f of n-decane with
the fluoro-SNs2/Krytox100 surface is lower than that of water
owing to the extended chain conformations of Krytox100. As a
result, a higher sliding speed of n-decane was observed in com-
parison with water.

2.3. Stability of the Fluoro-SNs/Krytox Coatings

In respect of chemical, environmental and mechanical dura-
bility of the fluoro-SNs/Krytox coating, a series of experiments
have been done under various conditions (Table S4, Supporting
Information). The CA and SA of water and n-decane droplets
on the coating are stable against strong UV light, acidic and
basic solutions, ultra-low temperature, and even scratching
with a knife, etc. Only ozone treatment slightly decreases the
CA of water to 114°. Some of the treatments change sliding
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Figure 4. Variation of sliding speed of liquid drop (10 L) with a) surface
tension (4° tilted sample) and b) various treatments (10° tilted sample)
on the fluoro-SNs2/Krytox100 coating. The liquids investigated in (a)
were shown in Table S2, Supporting Information. The treatments investi-
gated in (b) were shown in Table S4, Supporting Information.

speed of the liquid droplets (Figure 4b). A slight decrease in
sliding speed of water droplet was observed after treated by 1 m
H,SO, solution, 1 m NaOH solution, ozone and UV light. Even
an improvement of sliding speed of n-decane was observed
after stored at ultra-low temperature (-24 °C and -78 °C) for
24 h or immersed in 1 m NaOH solution for 1 h. Small area
of mechanical damage has no obvious influence on the sliding
speed of water and n-decane droplets. The excellent stability is
attributed to the stably adhesion of fluoro-SNs2 for Krytox100
and the fluidic nature of Krytox100. The Krytox100 layer serves
as a selfhealing coating to rapidly restore the anti-wetting
function.

The stability of the surfaces with time was also investigated
since the surfaces are based on fluorinated liquids (Figure 5
and Figure S10, Supporting Information). For the fluoro-SNs2/
Krytox100 coating, there is no obvious change in CA, SA, and
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Figure 5. Variation of sliding speed of water (10 pL) and n-decane (20 uL)
drops with storage time in ambient conditions on the 10° tilted fluoro-
SNs2/Krytox100 coating.

sliding speed in the first week in ambient conditions. However,
gradual increase in CA and SA, and decrease in sliding speed
were observed with time extended to three weeks. The sliding
speed of water drops decreases from 4.78 mm s7! to 0.37 mm
s7! on the 10° tilted surface after storage for 22 d in ambient
conditions. This is owing to the evaporation of Krytox100. No
change in CA, SA, and sliding speed was detected in three
weeks when Krytox103 was used instead of Krytox100. Fluori-
nated liquids with low volatility should be helpful in main-
taining anti-wetting properties of the pitcher-inspired surfaces
for a longer period of time.

2.4. Transparency and Self-Cleaning Behaviors of the
Fluoro-SNs/Krytox Coatings

The transition of the lotus-inspired fluoro-SNs2 coating to the
pitcher-inspired fluoro-SNs2/Krytox100 coating also evidently
improves the transparency (Figure 6a). The repeated coating
of glass slide with SNs and the subsequent modification with
PFDTS decrease the transmittance from 91.2% (bare glass
slide) to 51% at 600nm owing to the light scattering at the
solid/air interface by the rough fluoro-SNs2 coating. By intro-
ducing a layer of flat Krytox100, the light scattering is success-
fully weakened and the fluoro-SNs2 coated glass slide changes
from translucent to transparent. The transmittance of the
fluoro-SNs2/Krytox100 coating is close to the bare glass slide
in the range of 300-800nm and the transmittance at 600 nm is
as high as 89%.

One of the most important motives for researchers to design
such bio-inspired surfaces is to use their self-cleaning property.
The self-cleaning property of lotus-inspired superhydrophobic
and superoleophobic coatings is based on 1) the weak interac-
tion of the coatings with liquid drop and the dirt, and 2) rolling
of liquid drop down the coatings. The motion of droplet is
determined by the forces and force moments loaded on it.'*l
The instantaneous contact point P in Figure 3a can be regarded

Adv. Funct. Mater. 2014, 24, 1074-1080
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Figure 6. a) Transmittance of the fluoro-SNs2 coating, fluoro-SNs2/Krytox100 coating (25 ttm
in thickness) and the corresponding digital images. Self-cleaning property of b) the superhy-
drophobic fluoro-SNs2 coating with water as the liquid, the fluoro-SNs2/Krytox100 coating with
c) water, d) n-decane, and e) ethanol as the liquids. MB, OR, montmorillonite (MMT), and glass

particles were used as the dirt.

as the rolling axis when a tilted drop starts rolling. Among
the forces loaded on the droplet, F; creates a force moment
by acting on the mass center of the droplet. Whereas, the fric-
tion force, f, acts through the contact point P and thus no force
moment is created. When the drop tends to roll, the adhesion
force (M) between the drop and the surface generates a new
force moment which prevents the droplet from rolling.'* Thus,
the drop will 1) slide down when F; > f, but the force moment
of Fy is less than that of M, 2) roll off when F; < f, but the force
moment of F; can overcome that of M, and 3) roll and slide
off simultaneously while F; > fand the force moment of F; is
larger than that of M.

The self-cleaning property of the fluoro-SNs2/Krytox100
coating was studied and compared with the fluoro-SNs2 coating
(Figure 6 and Movie S2, Supporting Information). All the pow-
dered dirt can be easily removed from the fluoro-SNs2 coating
owing to the rolling motion of water on the surface. However,
the self-cleaning property of the fluoro-SNs2/Krytox100 coating
is closely related to the liquid used and the property of dirt.
Water can easily remove hydrophilic MB, MMT and glass par-
ticles from the fluoro-SNs2/Krytox100 coating, but difficult to
remove OR. n-decane is only effective in cleaning OR. Ethanol
can remove MB, OR and MMT, but performs badly in cleaning
glass particles. The interactions among the liquid drop, dirt and
the fluoro-SNs2/Krytox100 coating determine the self-cleaning
property.

In addition, the liquid drops tend to slide on the slightly
tilted fluoro-SNs2/Krytox100 surface. No rolling motion was

Adv. Funct. Mater. 2014, 24, 1074-1080
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observed for all the liquids investigated on
the fluoro-SNs2/Krytox100 coating when the
tilting angle <10°. The composite motion of
rolling and sliding was observed only when
the coating was quickly tilted for more than
30°. As is well known, the rolling motion of
drop is more efficient in cleaning a surface
than the sliding motion.['¥! A higher CA is of
benefit for the rolling off of liquid drops, and
then the self-cleaning property.'*! The obvi-
ously lower CA of liquid drops on the pitcher-
inspired surface decreases the force moment
of F; and increases the force moment of M
in comparison with the superhydrophobic
fluoro-SNs2 coating. Consequently, the self-
cleaning property of the pitcher-inspired
surfaces depends on the liquid used and the
property of dirt, and is obviously different
from the lotus-inspired superhydrophobic
surfaces.

glass

3. Conclusions

In summary, we have successfully fabricated
transparent Nepenthes pitcher inspired anti-
wetting coatings simply by the combination
of fluoro-SNs and Krytox liquid. It was found
that the sliding speed of liquid drops is obvi-
ously slower than on the lotus-inspired supe-
rhydrophobic and superoleophobic coatings.
The microstructure of fluoro-SNs, properties of the Krytox layer
(e.g., thickness and viscosity) and tilting angle play important
roles in influencing the sliding speed. In addition, the sliding
speed is also closely related to physicochemical properties of
liquid drops, for instance, density, surface tension, and polarity.
Moreover, the self-cleaning property of the fluoro-SNs/Krytox
coating is closely related to the properties of liquid drop and
dirt. We believe that our findings about differences in sliding
speed and self-cleaning property between the lotus-inspired and
the pitcher-inspired surfaces are helpful in designing new anti-
wetting coatings and their practical applications.

4. Experimental Section

Materials: Glass slides (Menzel, Braunschweig, Germany) of
25 mm x 60 mm (1#) were used as the substrates. TCMS (97%,
Gelest) and PFDTS ((97%, Gelest) were handled under water free
conditions and used without further purification. Toluene (99.85%, extra
dry over molecular sieve) was purchased from Acros Organics. The
perfluorinated fluids, Krytox100, Krytox103, and Krytox107, were kindly
supplied by Dupont. n-Decane, ethanol, n-hexadecane, and all the other
liquids were purchased from China National Medicines Corporation Ltd.

Growth of SNs: Firstly, the glass slides were treated with piranha
solution (H,0,:H,SO,4 = 1:3) at 80 °C for 30 min, rinsed with deionized
water, and dried under a nitrogen flow. 8 pieces of the activated glass
slides were immersed in 400 mL of toluene with a water concentration
of 120 ppm in the custom made chamber. Subsequently, 250 uL of
TCMS were injected into the chamber at 25 °C to trigger the growth of
SNs. 24 h later, the SNs were successfully grown on the glass slides. The
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coated samples were rinsed with 10.0 mL of toluene, 10.0 mL of ethanol
and 10.0 mL of 50% v/v deionized water/ethanol solution successively,
and then dried under a nitrogen flow. In order to change the morphology
and density of the SNs, the SNs coated glass slides were repeatedly
treated with O,-plasma at an O, flow rate of 10 sccm and a power
of 100 W for 5 min (Femto, Germany), and then coated with TCMS
according to the above procedure. The samples were designated as
SNs1, SNs2, and SNs3 according to the TCMS coating cycles.

Preparation of Fluoro-SNs: Firstly, the SNs coated sample was
activated with O,-plasma at an O, flow rate of 10 sccm and a power
of 100 W for 5 min. The activated sample was immersed in 75.0 mL of
dry toluene, and then 5.0 mL of toluene containing 40.0 uL of PFDTS
was added. The sample was kept in the above solution for 24 h at
room temperature to ensure complete modification of the SNs. The
fluoro-SNs coated glass slide was washed with 10.0 mL of dry toluene
and dried under a nitrogen flow.

Preparation of the Fluoro-SNs/Krytox Anti-Wetting Coatings: A certain
amount of the Krytox liquid was dropped onto the horizontal fluoro-SNs
coated glass slide using a pipette. The fluid spreads quickly and
spontaneously on the whole substrate via capillary effect. The sample
was kept at room temperature for 10 h to ensure uniform wetting of the
surface by the Krytox fluid. The thickness of the Krytox layer in the main
text was calculated assuming on a bare glass slide and was controlled by
the volume of the Krytox liquid.

Characterization: Measurements of CA and SA were performed with
a Contact Angle System OCA 20 (Dataphysics, Germany) equipped
with a tilting table. The syringe was positioned in a way that the droplet
(10 uL) of liquid could contact surface of the samples before leaving the
needle. Tilting angle of the table is adjustable (0-70°) and allows the
subsequent measurement of SA at the same position on the sample.
The sliding speed was measured using a timekeeper while moving of a
liquid droplet on the tilted sample. A minimum of three readings were
recorded for each sample. The micrographs of the samples were taken
using a field emission scanning electron microscope (SEM, JSM-6701F,
JEOL). Before SEM observation, all samples were fixed on aluminum
stubs and coated with gold (=7nm). Transmittance of the samples in
300-800 nm was recorded using a UV-Vis spectrophotometer (Specord
200, Analytik Jena AG).
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Supporting Information is available from the Wiley Online Library or
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