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Abstract Functional non-wetting materials are of interest for a diverse array of
applications. It has long been understood that factors contributing to the
wettability of a surface include surface free energy and surface roughness. More
recently. surface texture has been found to be of equal or greater importance,
especially if the desire is for the surface to repel low surface tension liquids, such
as short-chain hydrocarbons and alcohols. This chapter will describe recent work
in the design and production of wetting-resistant surfaces utilizing fluorinated
Polyhedral Oligomeric ~ SilSesquioxanes (FluoroPOSS), as well as the
development of dimensionless design parameters to aid in the preparation of such
surfaces. FluoroPOSS compounds are organic/inorganic hybrid materials that
exhibit low surface energy attributes, as well as an octahedral structure. which
results in useful migration and aggregation characteristics when blended into
polymer matrices, ~ Wetting-resistant surfaces containing FluoroPQSS are
produced either by techniques that specifically incorporate all three critical
parameters for wetting-resistance, or by the modification of substrates already
possessing the desired surface texture.

X.1 Introduction

X.1.1 Non-wetting Surfaces

Non-welting surfaces and materials that affect wetting-resistance are desirable
for a wide variety of military, commercial, and specialty applications. The
simplest measure of wetting on a smooth surface is the equilibrium contact angle
@, given by the Young's equation [1] as:

cos@=Ln Vs (N

yfi‘
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where ¥ refers to the interfacial tension and s, / and v refer to the solid, liquid and
vapor phase, respectively. The solid-vapor interfacial tension () and the liquid-
vapor interfacial tension (j.) are also commonly referred to as the solid surface
energy and the liquid surface tension, respectively. Smooth surfaces that display
contact angles & > 90° with water are considered hydrophobic, while smooth
surfaces that display contact angles €< 90° with water are considered hydrophilic.
In recent years, a new class of “superhydrophobic’ surfaces has emerged. These
surfaces display contact angles greater than 150° and low contact angle hysteresis
- the difference between the advancing and the receding contact angles [2.3]. Note
that all superhydrophobic surfaces are textured (or rough), as the maximum water
contact angle measured on a smooth surface is ~ 125°-130° [4-6].
Superhydrophobicity is pervasive in nature (see Figure 1) with various plant
leaves [7-9]. legs of the water strider [10-12], gecko’s feet [13,14]. troughs on the
elytra of desert beetles [15] and insect wings [16] displaying this water-repelling
characteristic.

Fig.1 A. A droplet of water (colored green) on a superhydrophobic lotus leaf surface. The inset is
an SEM image, highlighting the multiple scales of texture present on the lotus leaf surface. B. A
droplet of water (colored green) on top of a butterfly (Colias fieldi) wing. The inset is an SEM
image illustrating the texture of the butterfly wing. Images adapted from previous work.[17]

In a similar manner, based on their respective contact angles with oil, it is
possible to classify surfaces as oleophilic (€ < 90°), oleophobic (6 = 90°) or
superoleophobic (6 > 150°). Here & refers to the apparent contact angles i.e. the
contact angle on a textured or rough surface. In spite of numerous natural
superhydrophobic surfaces, there are no known naturally occurring oleophobic or
superolecophobic surfaces. This is because oils possess significantly lower surface
tension values than water and consequently spread on most natural and synthetic
surfaces.
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X.1.2 FluoroPOSS

Due to their low surface energy, fluorinated compounds are a logical choice
when evaluating materials for use in the creation of non-wetting surfaces.
Polyhedral molecules may also contribute positively to wetting resistance by
helping to increase roughness in the produced surfaces. For these reasons,
fluorinated polyhedra are highly desired. Polyhedral oligomeric silsesquioxane
(POSS) [18] compounds are comprised of a silicon-oxygen core that is surrounded
by organic functionality. They have received much interest as robust nanometer-
sized building blocks for the development of high performance materials.[19-21]
POSS compounds have been developed for use in several commercial, military,
and specialty applications. [19-21]

For the purposes of this chapter, FluoroPOSS (Fluorinated Polyhedral
Oligomeric SilSesquioxanes), are described as POSS cages that are surrounded by
fluoroalkyl functional groups with no surrounding hydrocarbon periphery. other
than the methylene groups immediately adjacent to the silicon atoms. There are
several possible methods to produce a range of different fluorinated POSS
(FluoroPOSS)  compounds [22-25]. In  one  case, hepta(3.3.3-
trifluoropropytricycloheptasiloxane trisodium  silanolate was used as an
intermediate for the preparation of FluoroPOSS compounds by “corner-capping™
with fluoroalkyltrichlorosilanes (Figure X.2). [22]
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Fig. X.2 Synthesis of Fluorinated Polyhedral Oligomeric SilSesquioxanes (FluoroPOSS)
compounds via “corner-capping” reaction of incompletely condensed POSS cages. Hepta(3.3.3-
trifluoropropyl)tricycloheptasiloxane trisodium silanolate was isolated as an intermediate and
reacted with fluoroalkyltrichlorosilanes of varying chain length.  Reaction with (3.3.3-
trifluoropropyl)trichlorosilane. in the presence of triethylamine, produces octahedral (3.3.3-
trifluoropropyl)sSisQy>  (Fluoropropyl POSS).  Reaction with trichlorosilanes of longer
fluoroalkyl chain length results in unsymmetrical, completely-condensed FluoroPOSS
compounds. Branched and ether containing fluoroalkyl groups have also been attached using
this method.

Another synthetic method produces octameric FluoroPOSS cages directly from
the starting silanes via the single-step. base-catalyzed condensation reaction of
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trialkoxysilanes to produce nearly quantitative yields of (111.1H,2H.,2H-heptadeca-
fluorodecyl)sSig0;; POSS (Fluorodecyl POSS or FluorodecylyTg). [24]

R‘“‘sfo/ffo"““*sa:&\ Fluorodecyl POSS

KOH/H,0 Q R
CF3(CF,);CH,CH,Si(OEt); — o/ \ | (FluorodecylsTsg)
Ethanol Re~ L.

R’ ‘s, Ri=-CH;CH,(CF;);CF3

Fig. X.3 Dircct synthesis of octameric Fluorodecyl POSS via the base-catalyzed condensation
reaction of (1H,1H.2H,2H-heptadecafluorodecyl)triethoxysilane in alcoholic solvent to produce
(1H,1H 2H,2H-heptadecafluorodecyDsSisOp;  POSS  (Fluorodecyl POSS or FluorodecylsTs).
This method has been employed successfully to produce octahedral FluoroPOSS compounds
possessing 3. 6, 8, 10, and 12 carbon atoms in each fluoroalkyl chain. Attempts to produce
octahedral (3.3.3-trifluoropropyl)sSisOy:  (Fluoropropyl POSS) wvig a similar condensation
reaction of (3.,3.3-trifluoropropyl)trichlorosilane resulted in a mixture of completely-condensed
POSS cages possessing 8, 10, and 12 silicon atoms. respectively, which led to the use of the
“comer-capping” method.

FluoroPOSS compounds are generally soluble in fluorinated solvents. Unlike
most non-fluorinated POSS compounds, TGA analysis indicates that FluoroPOSS
tend to volatilize. where no residue remains after heating under nitrogen or dry air,
rather than decompose. Fluorodecyl POSS is the most stable compound,
evaporating at well ~325 °C.  FluoroPOSS compounds are also very dense, high
molecular weight materials. For example. the molecular weight and density of
Fluorodecyl POSS are 3993.54 g/mol and 2.067 glce, respectively. Several
groups have developed and examined theoretical models for the structure [26].
miscibility [27]. and wetting behavior [28.6.29] of these compounds and their
surfaces.

Because of their interesting properties, FluoroPOSS compounds have been
examined for use in a variety of applications, including non-wetting and
antibacterial fabrics and meshes [30-33] and ice-phobic surfaces [34]. However,
the majority of research involving FluoroPOSS has centered around the idea of
non-wetting polymers and surfaces [35-39.23,40,41.6,29.42]. Many groups have
reported other compounds described as FluoroPOSS, Fluorinated POSS, F-POSS,
or POSS-I, but these compounds are either hydrocarbon-surrounded POSS cages
with a low number of fluoroalkyl groups [43-46]. or non-fluorinated POSS
compounds combined with fluorinated polymers [47-51], or both.
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X.1.3 Design parameters

The design of super-repellent surfaces typically involves the manipulation of
two key surface parameters, the substrate surface energy (%,) and the surface
roughness or texture [52-57]. A droplet of liquid on a textured substrate can adopt
one of the following two configurations to minimize its overall free energy
[58.2.55.56.59]. In the first case, as shown in Figs. 4A and 4B. the contacting
liquid droplet may completely cover all of the substrate surface asperities, forming
the so-called *fully-wetted” interface. In this state, the apparent contact angles are
caleulated using the Wenzel relation [52], given as:

cosd” =rcosd )

Here r is the surface roughness defined as actual surface area / projected
surface area. On the other hand, for an extremely rough surface, a ‘composite’
interface may lead to a lower overall free energy. In this case, the rough surface is
not fully wetted by a liquid., and pockets of air remain trapped underneath the
liquid droplet (see Figs. 4C and 4D). In contrast to a fully wetted interface, the
composite interface typically leads to low contact angle hysteresis and low roll-off
angles [3.60.54]. The apparent contact angle in this state is typically calculated
using the Cassie-Baxter model [53]. given as:

+
cost =r,0,c086 -1+ ¢, 3)

Here ¢, is the fraction of the projected area wet by the liquid, and ry is the
roughness of the wetted area. When ¢, = 1 (fully wetted surface), ry = r. and the
Cassie-Baxter relation reduces to the Wenzel relation. Extremely non-wetting
surfaces must be able to support a composite interface with various contacting
liquids, as the Cassic-Baxter state typically yields both high apparent contact
angles and low contact angle hysteresis. In recent work, we [32.29.6] and others
[61-64] have explained how re-entrant surface texture, in conjunction with
surface chemistry and roughness, can be used to support a composite interface,
even with extremely low surface tensions liquids such as various oils and alcohols.
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Cassie-Baxter State

Fig. X.4 A. A schematic illustration of the Wenzel state with the liquid droplet filling in the
various asperities present on the surface. B. A magnified view of the schematic shown in Fig.
2A. C. A schematic illustration of the Cassic-Baxter state with the liquid droplets sitting partially
on the solid substrate and partially on pockets of air. forming a composite interface. D. A
magnified view of the schematic shown in Fig. 2C. Note that the local contact angle for the
liquid on the solid substrate is equal to the Young's contact angle &,

The systematic design of non-wetting surfaces with any contacting liquid
requires the parameterization of two important physical characteristics for a
composite interface: The magnitude of the observed apparent contact angle 0%,
and the magnitude of the breakthrough pressure, i.e., the external pressure which
when applied upon a contacting liquid can force a transition from the composite
Cassie-Baxter state to the fully-wetted Wenzel state.

As mentioned earlier, the apparent contact angles for a composite interface are
typically predicted using the Cassie-Baxter relation (Eq. 2). In our recent work
[6.29] we discussed a design parameter, the spacing ratio D*, which provides a
dimensionless measure of the surface porosity. For substrates possessing a
predominantly spherical or cylindrical texture, D* = (R+D)/R, where R is the
radius of the cylinders (or spheres) and 2D is the inter-cylinder spacing (see Fig.
4D). Based on this definition of the spacing ratio, the Cassie-Baxter relation (Eq.
2) may be re-written as:

1
D*

cosd =—1+—[sin0+ (7 —O)cosl] (4)
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Higher values of D* correspond to a higher fraction of air in the composite
interface. It is evident from Eq. 3 that * increases with increasing values of D*.
In our recent work [32.29]. we also discussed the robustness factor A%, which is
the ratio of the breakthrough pressure (Paratimrmungs) 10 @ reference pressure Pri=
2/ lap. Here lup =74/P8 is the capillary length for the liquid, p is the fluid
density and g is the acceleration due to gravity. Py is close to the minimum
possible pressure differential across a millimeter sized liquid droplet or puddle. As
a consequence, any substrate on which the robustness factor A4* < 1 for a given
contacting liquid. cannot support a composite interface. On the other hand, values
of A* significantly greater than unity imply the formation of a robust composite
interface able to support high breakthrough pressures. For surfaces possessing a
cylindrical texture, the robustness factor is given by the relation:

A" _ Phreakn’n'ungh _ ch-ap (] —CO0S 9)
P D* (1+2(R/D)sin6)

ref

(3)

The optimal superhydrophobic or superoleophobic surfaces are expected to
simultaneously possess high contact angles and high breakthrough pressures, i.c.
both D*>> 1 and 4*>>1.

X.2. Experimental

X.2.1 Materials

Asahiklin ~ AK-225G  (1.3-dichloro-1.1,2.2.3-pentafluoropropane)  was
purchased from Asahi Glass Co. PMMA (Mw = 540 kDa, PDI = 2.2) was
purchased from Scientific Polymer Products. Inc. Tecnoflon (BR9151), a
commercial fluoro-elastomer, was obtained from Solvay-Solexis.

All other reagents were purchased from commercial sources and purified
according to established procedures. [65]

X.2.2 FluoroPOSS synthesis

Fluorodecyl POSS synthesis [24.40.6]. 1H.1H.2H,2H-Heptadecafluorodecyltri-
cthoxysilane (6.10 g). deionized water (0.27 g). and potassium hydroxide (2.088
mg) were added to a 10 ml volumetric flask. The balance of the volume to 10 ml
was filled with ethanol. The contents were transferred to a 25 ml round bottom
flask with a Teflon covered magnetic stir bar. The contents were stirred at room
temperature overnight under nitrogen. A fine white powder was formed. The
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product was rinsed with ethanol and dried. A 94.3% yield of pure 1H,1H,2H.2H-
heptadecafluorodecyls Ty was obtained. *’Si NMR ((CD3),CO, 59.6 MHz): & = -
67.0 ppm.

X.2.3 FluoroPOSS composite preparation

X.2.3.1 Spin-cast surfaces

Both the polymer and fluoroPOSS were dissolved in a common solvent,
Asahiklin AK-225, at a concentration of 5 mg/ml, and the rotation speed during
spincoating was set at 900 rpm.

X.2.32 Electrospun surfaces

Both the polymer and fluoroPOSS were dissolved in Asahiklin AK-225 at a
concentration of ~ 5 wt%. The solution was then electrospun using a custom-built
apparatus with the flow rate. plate-to-plate distance and voltage set to 0.03
ml/min. 25 cm and 20 kV, respectively.

X.2.3.3 Dip-coated surfaces

For the dip-coating process, a solution of fluorodecyl POSS (50 wt%) and
Tecnoflon in Asahiklin AK-225G was prepared at an overall solid concentration
of 10 mg/ml.. The use of Tecnoflon as a polymeric binder inhibits the
crystallization of fluorodecyl POSS, and yiclds a more conformal and elastomeric
coating. The substrate was then immersed in the fluorodecyl POSS-Tecnoflon
solution. After 5 min. the substrate was removed from the solution and placed to
dry in a vacuum oven for 30 min at a temperature of 60 °C.

X.2.4 Contact angle analysis

The contact angles for various liquids were measured using a contact angle
goniometer, VCA2000 (AST Inc.). The advancing contact angle was measured by
advancing a small volume of the probing liquid (typically 2-4 pl) on to the surface,
using a syringe. The receding contact angle was measured by slowly removing the
probing liquid from a drop already on the surface. For each sample a minimum of
four different readings were recorded. Typical error in measurements was ~2°.

X.2.5 Microscopy

X.2.5.1 Atomic Force Microscopy (AFM)

Atomic force microscopy (AFM) was conducted on a Nanoscope 1V controller
(3100 SPM Head) in tapping mode. Etched Silicon probes of nominal spring
resonance 300 kHz (spring constant approx. 0.3 mN/m) were used for light
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tapping (driving amplitude ca 1.1 V) of varying section size at 1-2 Hz collection
times (512 points/line).

X.2.5.2 Scanning Electron Microscopy (SEM)

A JEOL-6060SEM (JEOL L.td., Japan) scanning electron microscope (SEM)
was used for imaging. Before imaging, the electrospun surfaces were sputter-
coated with a 5-10 nm layer of gold by use of a Desk II cold sputter/etch unit
(Denton Vacuum LLC).

X.3. Results and Discussion

X.3.1 FluoroPOSS properties

Zisman showed that the surface energy for organic molecules decreases with an
increase in the degree of fluorination, and as a result the surface energy for ~CHj
> ~CH,F > ~CHF» > —CF; moieties. The high concentration of perfluorinated
carbon atoms in the alkyl chains surrounding each FluoroPOSS cage leads to
extremely low surface energy values for these molecules.[66.67.24] As
synthesized, fluorodecyl POSS molecules possess one of the lowest known solid
surface energies (%, = 8§ mN/m). [4-6] In comparison, Teflon, has a surface energy
of ¥, = 17 mN/m. A film of fluorodecyl POSS, spincoated on a Si wafer and
having an rms roughness of 3.5 nm (this corresponds to a Wenzel surface
roughness r = 1.005) has an advancing (€,,) and receding (6,.) contact angle of
124.5 = 1.2°. This is one of the highest water contact angles reported for a smooth
substrate [5]. and emphasizes the extremely low surface energy of the fluorodecyl
POSS molecules.

X.3.2 FluoroPOSS composites

The addition of fluorodecyl POSS molecules to different polymers leads to a
rapid decrease in the overall surface energy of the synthesized composites, and
also provides a facile route to systematically tune the surface energy of the
produced composite over a very wide range. For example, we studied composites
formed by blending fluorodecyl POSS molecules with a relatively hydrophilic
polymer, poly(methylmethacrylate) (PMMA). The addition of fluorodecyl POSS
molecules allowed us to systematically tune the surface energy of the produced
composites from %, =9 — 35 mN/m.[67.68] Fig. 5A shows AFM phase images for
various spin-coated blends of PMMA and fluorodecyl POSS. A comparison
between the phase images for neat PMMA and for PMMA+1.9 wt% fluorodecyl
POSS indicates significant surface segregation (or blooming) of fluorodecyl POSS
molecules towards the air interface, due to their extremely low surface energy [6].
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As a result. only a small amount of fluorodecyl POSS (~ 10 wit%) is needed to
sufficiently cover the surface of the spin-coated blend. Fig. 5B shows the
advancing and receding contact angles for the various spin-coated PMMA+
fluorodecyl POSS blends. For fluorodecyl POSS, concentrations greater than ~ 10
wt%., both the advancing and receding contact angles plateau to ~ Gy = Goe =
123°.

Fig. 5C shows the corresponding contact angles on electrospun fabric surfaces
possessing the so-called beads-on-a-string morphology. The inset shows the
morphology for a typical electrospun mat, and highlights both the porosity and the
re-entrant curvature present in the fabricated surfaces. It is clear that electrospun
blend surfaces containing greater than ~ 10 wit% POSS are superhydrophobic,
displaying both @'y 0’ > 150°,

0 wi% POSS 18 wl% POSS 9.1 wt% POSS | 44,1 wi% POSS

T T T
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Fig. X.5 A. AFM phase images for neat PMMA and PMMA blends with fluorodecyl POSS. The
phase angle scale on the AFM images is 0-10° for the 0%, 9.1%. 44 wt% POSS images and (-
90° for the 1.9 wt% POSS image. B. The advancing and receding contact angles for water on
spin coated surfaces composed of neat PMMA and its blends with fluorodecyl POSS. C. The
apparent advancing (red dots) and receding (blue dots) contact angles for water on various
electrospun surfaces composed on PMMA and fluorodecyl POSS. The inset shows an SEM
micrograph for an clectrospun surface composed of PMMA + 9.1 wt % fluorodecyl POSS.
Images adapted from previous work.[67]

The re-entrant curvature inherently present in the electrospun fabric surface
creates the potential to form a composite interface with any liquid with a Young’s
contact angle greater than 0°, provided the robustness factor A" >1[32.29]. Fig.
6A shows the apparent advancing and receding contact angles on the clectrospun
surfaces containing 16.7 wt% and 44.1 wt% fluorodecyl POSS, for a series of
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liquids with surface tension values in the range of y, — 20.1 - 72.1 mN/m. Due to
the high porosity inherent in the electrospun mat (D = 9), the synthesized
clectrospun surfaces display extremely high apparent contact angles with a wide
range of liquids (see Fig. 6B). For example. for hexadecane (y, = 27.5 mN/m),
G v = 153° and &' = 141°. Further, due to their extremely small dimensions (R
~ 500 nm), the electrospun fibers also possess very high values of robustness
factor [29]. For example, for the electrospun fibers containing 44.4 wit%
fluorodecyl POSS. 4" = 40 with hexadecane.

A‘m P SR  Methylene
Y s
‘;140 n': T - t s
Bl P o @ w J e %-
= . -
+ 100 -
s
g o Octane
£ 8 .
8 B 16.7% POSS - Adv
g 0 L! 16.7% POSS - Rec Methanol
o 20 @ 44.4% FOSS - Adv
< ~ 44.4% POSS - Rec

o mm=E, L

20 30 4 5 60 70
Liquid Surface Tension (mN/m}

Fig. X.6 A. The apparent advancing (filled symbols) and receding (open symbols) contact angles
as a function of the liquid surface tension for the electrospun surfaces possessing a beads-on-a-
string morphology. The electrospun surfaces are composed of PMMA with either 16.7 wt% or
44.1 wi% fluorodecyl POSS. B. Droplets of water (3. = 72.1mN/m), methylene iodide (.= 50.1
mN/m), methanol (3. = 22.7 mN/m) and octane (3 = 21.7 mN/m) on an clectrospun surface
composed of PMMA + 44 wt% fluorodecyl POSS, possessing a beads-on-a-string morphology
The electrospun substrate is able to support a composite interface with all contacting liquids, as
indicated by the presence of a reflective surface visible underneath all droplets.[6] Images
adapted from previous work.[29]

As mentioned previously. there are no naturally occurring oleophobic or
superoleophobic surfaces. The inset in Fig. 7A shows droplets of rapeseed oil (y»

35.7 mN/m) on top of a lotus leaf. Evaluating the magnitude of the robustness
factor (4* << 1) helps explain why rapeseed oil spontaneously wets the leaf
structure in spite of the presence of re-entrant texture [29]. To allow the leaf
surface to support a composite interface with low surface tension liquids such as
various oils. it is necessary to significantly increase the value of the robustness
factor 4*. Based on Equation 5, for a fixed substrate texture, it is clear that the
magnitude of 4* is most easily induced by increasing the value for the Young’s
contact angle 6. We use the dip-coating process to provide a conformal coating of
fluorodecyl POSS molecules on top of the lotus leaf surface. This leads to a
significant increase in the magnitude of the Young’s contact angle (0= 86°) and
correspondingly the value of the robustness factor on the dip-coated lotus leaf (4*
= 26) [29]. As a result, the dip-coated lotus leaf is readily able to support a
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composite interface with rapeseed oil and display high apparent contact angles, as
illustrated in the inset of Fig. 7B. Fig. 7A and 7B compare the surface texture of
the lotus leaf before and after the dip-coating process. It is clear that the dip-
coating process preserves the inherent surface texture of the lotus leaf.

Recognizing the presence of re-entrant surface features in commercial fabrics,
the dip-coating process was used to deliver a coating of fluorodecyl POSS
molecules onto the fabric surface, bestowing superoleophobicity. Note that
Tecnoflon, a fluoroclastomer binder. was added to the dip-coating solution to
inhibit the formation of fluorodecyl POSS crystallites and yield a more conformal
and elastomeric coating.

Before After

Fig. X.7 A. An SEM image of the lotus leaf surface before the dip-coating process. The inset
shows the extremely low apparent contact angle (6" ~ 10°) observed for rapeseed oil (colored
red) on top of the lotus leaf surface. B. An SEM image of the lotus leaf surface afier the dip-
coating process. The inset shows the high apparent contact angles observed for rapeseed oil on
the dip-coated lotus leaf surface (¢ = 145%). C. An SEM image illustrating the morphology of a
commercially available polyester fabric. The inset shows that a droplet of hexadecane (i = 275
mN/m) readily wets the fabric surface. D. An SEM image illustrating the morphology of the
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polyester fabric after the dip-coating process. The inset shows the clemental mapping for fluorine
on the dip-coated fabric surface. obtained using EDAXS. E. Droplets of water (j, = 72.1mN/m),
methylene iodide (. = 50.1 mN/m), methanol (. = 22.7 mN/m) and octane (y, = 21.7 mN/m)
on the dip-coated fabric surface. Images reproduced from previous work.[32]

Fig. 7C shows an SEM micrograph for a commercially available polyester
fabric, and highlights both the porosity (D* = 6) and the re-entrant curvature of the
fabric surface. The inset in Fig. 7C shows that a drop of rapeseed oil readily wets
the as-obtained fabric surface. Fig. 7D illustrates the details of the polyester fabric
surface afier the dip-coating process. The inset in Fig. 7D shows the elemental
mapping for fluorine on the dip-coated fabric surface. obtained using EDAXS
(Energy Dispersive X-Ray Scattering). It is clear from this image that the dip-
coating process allows for the complete and conformal coating of the fabric
surface by the fluorodecyl POSS molecules. After the dip-coating process, as
shown in Fig. 7E, the fabric surface is able to support a composite interface, and
display extremely high apparent contact angles with a wide range of liquids
including octane (y, = 21.7 mN/m; A =2:5).
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X.4. Conclusions

In the design of non-wetting surfaces, surface texture has been found to be of
equal or greater importance than surface free energy and surface roughness
characteristics. which are considered ecritical for the creation of such surfaces.
This is especially the case if the surface is desired to repel low surface tension
liquids, such as different oils or alcohols. The low surface energy characteristics of
fluorinated Polyhedral Oligomeric SilSesquioxanes (I'luoroPOSS), as well as their
octahedral structure, make them desirable compounds for use in the production of
non-wetting surfaces. Wetting-resistant surfaces containing FluoroPOSS were
produced by a variety of methods. Design parameters were also developed to aid
the rational design of non-wetting surfaces. The spacing ratio. D* provides a
dimensionless measure of surface porosity, while the robustness factor. A%, is a
measure of a surface’s resistance to liquid breakthrough. The most favorable non-
wetting surface would, therefore, possess high values of both D* and A*
simultancously, indicating high contact angles as well as high breakthrough
pressures. Production of wetting-resistant surfaces may involve techniques that
specifically incorporate all three factors critical for wetting-resistance, such as
electrospinning. Alternatively, substrates containing the desired surface texture
may be modified to bestow wetting-resistance, as seen in the dip-coating of
commercial fabrics.
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