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ABSTRA

A robust an arent silica-like coating that imparts superhydrophobicity to a surface through its
hierarchic vel self-assembled structure is demonstrated. This approach involves iterative
steps ﬂng, annealing, and etching of polystyrene-block-polydimethylsiloxane block

copolyn“s to form a tailored multilayer nanoscale topographic pattern with a water contact

angle up tj model based on the hierarchical topography was developed to calculate the
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wetting angle and optimize the superhydrophobicity, in agreement with the experimental trends, and
explaining superhydrophobicity arising through combination of roughness at different lengthscales.

AdditionalIi the Wchanical robustness and optically passive properties of the resulting hydrophobic

surfaces werﬁonstrated.
]
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Superhydn;surfaces are defined by their characteristic ability to repel water and the resulting
resistance wettmg,[H] and can be created by introducing appropriate surface roughness and
chemical f ization. Superhydrophobicity is alternatively called the lotus effect because it

underlies t

“ leaning ability of the lotus plant and certain insect wings.”% Quantitatively,

superhydrophoBi@ity corresponds to a water contact angle that exceeds 150° and a roll-off angle less

than 1 & I he large contact angle reduces the contact area between a water droplet and the
surface, an the droplet to roll off at a small tilt angle. As a result, the water droplet will
dislodg contaminants from the surface, making the surface self-cleaning. In addition,

the continuous condensation and roll-off of water from a surface improves heat transfer through the

interface.”! ydrophobic surfaces therefore hold technological promise for a myriad of
applicatio ing anti-fouling, reduced drag-force on ships, combustion engines, heat
exchangers etic fibers, windshields, solar panels, airplanes, and droplet transfer in
microfluidi ore generally, water-surface interactions are central to the performance of a
vast raﬂ technologies including membranes, sensors and sorbent materials, spanning

differeants, service conditions and length scales.™™®

Recent stu:est that multiscale roughness is beneficial for the enhanced superhydrophobicity

displayed natural surfaces.”® ¥ Synthetic analogues of superhydrophobic surfaces have

been pr y introducing micro-scale features onto a surface in order to generate the necessary

roughness for trapping air under a water droplet.[‘”'[s]’m] A variety of surface coatings have been
2
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produced using lithography, nanoimprint, chemical synthesis chemical vapor deposition,

[25-29],29,30,31

nanoparticle coating and other procedures. For example, chemical vapor deposition was

used tW thin-film of titanium dioxide on self-cleaning glass,®*” and glasses used for
windshield view mirrors have been imparted with hydrophobicity by wet-coating organic
compounQid composites.®” Important considerations for superhydrophobic surfaces
are abr&iﬂnce, which is often limited by the adhesion strength of the coating,[32] and optical
properties, ring that the roughness does not compromise the optical qualities of the surface
and restricflits utiffly in applications such as solar cell panels and window treatments.? The reduced
optical trans cy of the roughened surfaces is due to Mie scattering from features of similar size
to the wa%m] in which the scattering intensity increases rapidly with the ratio of the
characteristic surface features to the wavelength of light. Sub-100 nm roughness is therefore
preferable to enhime the optical transparency for visible light.*"282935371 This motivates the
search for processes that can produce robust, transparent superhydrophobic surfaces.

C

Block copolymers (BCPs) self-assemble into periodic nanoscale patterns with controllable size and

ined by the molecular weight and composition of the BCP.B83% The resulting
self-assembled features can themselves be functional, or can be employed as a mask to pattern

other func aterials.””! BCPs have been used to pattern surfaces to achieve hydrophobicity,**

“lfor e , silica nanopillar arrays with 100 nm period were fabricated using micellar films of

polystyrene-block-poly(2-vinylpyridine) as etch masks. The height, radius, and periodicity of the
nanopillar grrays were varied by tuning the deposition and plasma etching conditions, and the high

[43]

water rep originated from the resulting surface roughness. Cylindrical pillars and

nanocone

ture spacing less than 100 nm were patterned in Si using a mask made from a

polystyrene-Bte€k-poly(methyl methacrylate) (PS-b-PMMA) film in which aluminum oxide was

selectivelysncorporated in the PMMA domains by sequential infiltration synthesis. The textured
surface substantial improvement in the surface wetting properties, and its robustness
was inves!!a!ea gy means of high-speed water droplet impingement.“sl Coatings with micron-scale

roughness forme®@ by vapor-induced phase separation of a block copolymer also enhanced

[44]

superhydr City. However, the self-assembled microdomains from block copolymers
compos organic monomers display poor mechanical stability and etching selectivity,
necessitatin jitional pattern transfer steps to achieve final robust surface features,

accomplished, for example, by a damascene processes,*® lift-off,"”) or sequential infiltration

3
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synthesis.*®! Additionally, many of these works have focused on creating a monolayer of self-
assembled nanoscale features with a uniform period. Block copolymer self-assembly has the

potentiWhierarchical surfaces at sub-100 nm length with multiple precisely-controlled

length scal eometries, and it is therefore of interest to synthesize such surfaces and realize
the predic ents in hydrophobic behavior.

I

-
Herein, w p a method for functionalizing a surface with a durable and optically passive
hydrophob g via the self-assembly of silicon-containing BCPs. An iterative process of spin-
coating, a and etching of cylindrical-forming polystyrene-block-polydimethylsiloxane (PS-b-
PDMS) thin sWas employed to manufacture multilayer hierarchical structures. An oxygen plasma
treatmenmthe PS block and transforms the PDMS block into robust silica-like line patterns
(48]

forming i

The inhereg tunaEiIity of the geometric characteristics of the multilayer topography also facilitates

systematic

d topographical features without requiring further pattern transfer processes.

of surface wetting behavior at the nanoscale. To understand how

superhydrmy emerges from multilayer hierarchical BCP structures, a topographical model
te

was constr nd the apparent water contact angles of various mesh and grating structures
were si . The results reveal the significance of controllably introducing multiple well-defined

levels of pa through the self-assembly block copolymer method.

The wetting behavior of surfaces has long been understood as the result of surface tension between

water, air, surface in question (in this case, the etched BCP). From the work of Cassie and
Baxter' to alvimontes,*” the calculation, modeling, and simulation of wetting on arbitrary
surfaces h e well established. We applied these theories to simulate the relative wetting
behavimn hierarchical BCP line and mesh patterns with varying length scales and layer
alignm ibed in the Methods section. These structures were based on the observed

geomeﬂHilayered BCP films, where sequential deposition, annealing and etching of BCP
films Ieadsﬂ parallel alignment of cylinders, or the spontaneous orthogonal ordering of one

layer of in linders on another to form mesh patterns.”” The topography is modeled as

meshes or s of smoothly curved approximately hemicylindrical structures with different
ntations. The layers of in-plane cylinders in the hierarchical structures are labelled as

A, B and C, with A having the largest period of 80 nm, B a period of 40 nm and C a period of 20 nm,
4
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and the symbols Vv, L, and || refer to angled, orthogonal, and parallel alignments of the cylinders in

successive layers. Several structures and their labels are shown in Figure 1(a) and a comparison of

model Wntal topography is shown in Figure S1.

P

To calcula g behavior, water is placed on the model topography, making contact at a

height ofi 'ralbewesthe plane of the substrate. Air is trapped in the recesses of the topography below

f

h, and the interfacial energy consists of contributions from the liquid-solid and the liquid-air

interfaces. 8¥ c lating the energy as a function of h, the equilibrium configuration and energy of

G

the wette e is determined from which the contact angle is found. This analysis neglects

gravity an ects of captured air pressure in the cavities, and assumes insoluble surfaces,

S

homogeno8#ydfEphobic coatings on all surfaces, and complete BCP coverage. !

E1U

e 1. Predicted contact angles of block copolymer structures.

Structure Predicted Wetting Height" Predicted Contact Angle
mCOating)“ 0 nm 40° (Measured)
th 0 nm 120°
A ating) 0 nm 10°
E None* 130° - 150°
ALB 22 nm 162°
s AVB 22 nm 162°
Al B 13 nm 148°
J_ C 20nm 164°
1C 30 nm 170°

®No coating refers to the absence of the hydrophobic fluorosilane brush layer. °Predicted height
refers lated equilibrium height of the water contact line above the plane of the
substra iS'topography no stable height was found.

uth

The result e analysis of the structures in Figure 1(a) are summarized in Table 1, revealing

several | t trends that can be used to understand the influence of nanoscale topography on

A

hydrophobicity. The first observation is that introducing any roughness to the surface, even a grating
5
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pattern made from a single layer of a BCP dramatically increases the contact angle of a brush-layer-
coated surface. However, there is no predicted thermodynamic stable state for wetting of a surface
consistine layer grating pattern, and instead we predict a range of wetting values. The
second obs is that adding layers of different length scales always improves hydrophobicity,
regardless &tation. This is seen in comparing the wetting angles on a single layer of A to
the resuilts ofsAmimB; A V B, and A || B. It is not necessary for the second layer to have a smaller period
than the fiwtructures such as B L A and A L A also increase the wetting angle compared to
that of A. I@e, fabrication of B L A and A L A structures was more challenging due to poorer

surface co nd orthogonality of the upper layer with respect to the lower layer. The third

observatiomt orthogonal alignment of the cylinders to form a mesh leads to greater
hydrophob t
are able to pin t5droplets at higher points above the surface and maximize the liquid-air surface

n that obtained from parallel cylinders. The orthogonal topographical structures
contact w Imizing contact with the topography. The 45° and 90° orientations had similar
wetting angles. Three-layer structures, A L B L Cand All B L C, showed the same trends and offered

a furtheri the predicted wetting angle.

The theoreti€a ults were used as a guide in the preparation of superhydrophobic BCP films on

glass s es. Figure 1(b) outlines the manufacturing process utilized to fabricate A || B LC as an
examp:%e multilayer hierarchical nanostructures, the first layer of BCP was spin-coated,
solvent d etched in oxygen to form a topographical silica-like grating pattern. A second
BCP was then spin-coated, annealed and etched, followed by a third BCP, and the final structure was
treated whdrophobic brush layer. Self-consistent field theory showed that orthogonal
alignment cond layer of cylinders with respect to the first is promoted if the lower surface
has shallo aphy or weak affinity to either of the two blocks, independent of the trench
spacingEer hand, a parallel alignment is favored for deeper topography when the domain
spacing

e two BCP layers is close to commensurate. This is particularly true when the

substrafH attractive to the majority block.”®>% Further information regarding BCP sample

preparatiomphobic brush treatment, contact angle measurement, as well as optical and
mechanica erizations is given in the Methods section.

<
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(ALA)
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pin-Coating Solvent Annealing Plasma Etching Hydrophobic Treatment
(A)

1% Layer ‘ »

(Large MW BCP) \/ »

2m Layer »
(Medium MW BCP) v

3" Layer
(small MW BCP) v » »

Figure 1. M atic examples of hierarchical BCP structures. The label A refers to the block
copolymer i e largest period shown in green, B to the intermediate period in yellow, and C to
the sm riod in red. The ordering from left to right refers to the order in which they were
deposited, i.e. first letter is the bottom layer, and the symbols Vv, L, and || refer to angled,
orthogonal, and parallel alignments of the cylinders. (b) The fabrication process for multi-layer

7
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hierarchical structure A |l B LC. Each block copolymer film is spin-coated, solvent annealed, and
etched, and the process is repeated to form a hierarchical structure.

ript

Three differe linder-forming PS-b-PDMS BCPs were used in the experiments with total number

average m@ledllarfiveight (M,,) of 123 kg mol™ (labeled SD123; fraction of PDMS fepws = 0.38, period

$C

Lo =80 nm ol™ (SD53; froms = 0.30, Lo = 40 nm), and 16 kg mol™ (SD16; fooms = 0.32, Lo = 20

nm). The silica-lik@ topographic structures produced by etching the BCP are hydrophilic, and a
hydrophobic layer was therefore applied, either hydroxy-terminated PDMS or a

perfluorosif@ne coating, (heptadecafluoro-1,1,2,2,-tetrahydrodecyl)trichlorosilane. The contact angle

i

of untreated_g

3

substrate was measured as a reference, showing a low contact angle of 43°,

increasing n application of the PDMS brush layer and 114° for the perfluorosilane brush

layer, a igures 2(a) and 3(a).

A topo consisting of a hierarchical pattern of parallel cylinders made from SD123 as the first
layer and SD53 as the second layer with a PDMS brush layer is presented in Figure 2(b). This A || B
structure a contact angle of approximately 112°, i.e. the topography increased the wetting angle
by 19°. Ahsilane-coated A || B L C topography with SD123 as the first layer, SD53 as the
second lay| D16 as the third layer, Figure 3(b), showed a contact angle of 155° (vs. 114° for

the perfluorositane-coated glass) and a roll-off angle of 20°. These results confirm the beneficial

results of ghe multilayer hierarchical topography in increasing the contact angle. We also tested
other structures such as AL CL B and A L C L C which produced hydrophobic results as shown in

Figure S2, #47" and 148’ respectively.

-
<
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SD123 //SD53
pntr ted glass PDMS coating + PDMS coating
-

60 nm

30

e

e
e

Figure 2. (a) Comfiact angles of untreated, PDMS-coated, and PDMS-coated bilayer-patterned glass
( t

substrate. opography images of the bilayer A || B (SD123 || SD53) surface.

<
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ﬁ -e coating

Figure 3. (&) Contact angles of untreated, perfluorosilane-coated, and perfluorosilane-coated tri-
Iayer-pattehss substrate. (b) AFM topography images of the tri-layer (SD123 || SD53 L SD16)
BCP film. T shows a section of a 3D perspective image, scale as in Fig. 2b.

-

The opticaFnd m'hanical characterizations of the hydrophobic surfaces are shown in Figure 4. The
optical tra i e of a hydroxy-terminated PDMS coated glass film, Figure 4(a), shows negligible
difference with refpect to the reference substrate (air and bare glass), with an average of 92.36%

transmittance the visible wavelength ranging from 380 to 740 nm.”® The transmittance

obtain superhydrophobic surface composed of a tri-layer (SD123 || SD53 1 SD16) with a

PDMS brush was 1.4 + 0.4 % lower than that of reference substrate over the visible
wavelength range, in line with transparency measurements for other substrates treated with
10
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nanoscale patterning for superhydrophobicity®>>. The absorption of visible light by the patterned
glass substrates is low because the length scale of the roughness is significantly lower than the
wavelere light. On the other hand, the mechanical robustness of the plasma oxidized-
PDMS patt the glass was examined by an adhesion test (Figure S3) in which an adhesive tape
was press&urface with a steel roller then peeled off.®® The RMS surface roughness of a
single-layc msunfaes SD53 decreased from an initial value of 3.73 nm to 2.85 nm after 100 peel-off

cycles, thpography of the BCP structures on the glass film remained unchanged, shown in
Figure 4(b)®ult demonstrates that our etched-BCP coatings preserve their surface topography

after multi itive cycles of 90 degree peel adhesion testing.
a
00 T T T T T
390 i
(O]
! &) 80
®70 |
60 + glass T
glass + PDMS-OH ]
glass + Tri-layer + PDMS-OH
50 T T T T T T T T
300 400 500 600 700
Wavelength (nm)
b L
(iz Q gxcle,
NS
2 / /
/"
-
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Figure 4. Optical transparency and mechanical robustness test of etched BCP films. (a) Optical
transmittance spectrum of reference substrate (air and bare glass), PDMS-brush coated glass, and
PDMS-coated tri-layer-patterned glass substrate, showing average transmittance of 92.56%, 92.36%,
and 91Mtively over the visible wavelength ranging from 380 to 740 nm. (b) AFM

topographn etched SD53 film subjected to 0, 50 and 100 repetitive peel-off cycles.

In summa @ port a method of imparting superhydrophobicity to a surface through the self-
assembly ofBCRS Lo produce a mechanically robust surface with nanoscale hierarchical topography,
preservingthe optlcal transparency of the underlying material. The multilevel topography introduces
the necess ness on the nanoscale to trap air and increase the hydrophobicity of the surface,
and can bmled via the period and layer sequence of the block copolymers. A theoretical
model wam ucted that predicted wetting angles that followed the trends seen in the

experimen served topography. By determining the energy for different wetting

configurati contact angles were calculated. The modelling predicted increasing
hydrophobi ierarchical structures as observed in the experimental results, especially where
the layers mphical features produced from the BCP align orthogonally or at an angle to form

a mesh. A pography increased the wetting angle from 93° for PDMS-coated glass to 112°

for a PD d bilayer, and from 114° for perfluorosilane-coated glass to 155° for a
perfluor05| ed tri-layer topography. The superhydrophobic property induced by hierarchical
BCP naE presented here lays the foundation for design of robust superhydrophobic
coatings whic potentially be fabricated via scalable process such as spray- and dip-coating
strategi ermore, this technique demonstrates its promise as a versatile technology

platform, especially in optically sensitive settings like photovoltaics, tactile surfaces, optical lenses,

O
e
e
2
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Methods

Experimental Methods

HierarchicalaBCP film preparation. SD123 was synthesized by Avgeropoulos et al. by
anionic pon with polydispersity PDI = 1.05 %1, SD53 and SD16 (PDI = 1.08)
were pgichasgdgfiom PolymerSource. Before the first layer of BCP was deposited onto bare
Si substratgs, the Si substrates were cleaned with solvents (acetone, toluene, DI water, then
nitrogen m.The first BCP was spin-coated from toluene solution on an unetched glass

substrate equently annealed in a solvent vapor at room temperature in order to induce

microphamtion. Solvent vapor annealing was performed in a 30 cm® glass chamber
filled with'6#ml
lid loosely coves g the top of the chamber. A binary mixture of solvent vapor produced from

volumetric mixtures in the ratio of 5:1 was used for SD123 solvent

liquid solvent, with the samples supported above the liquid surface and the

toluene:h
annealinggpure toluene vapor was used for SD 53, and pure acetone vapor was used for

SD16. Afi mpletion of solvent annealing, the lid of the chamber was slowly removed

and the ﬁ dried within 30s at ambient temperature. Film thicknesses were selected to
produce a mondfayer of in-plane cylindrical PDMS microdomains in a PS matrix, with a thin
wetting f PDMS forming at the film/ air interface as a result of the lower surface
energy S block. Subsequently, a CF4 reactive ion etching (RIE; 5s for SD123 and
SDS53, and 3s for SD16) was used to remove the PDMS wetting layer, followed by an O, RIE
(30s for 123, 22s for SD53, and 12s for SD 16) to remove the PS matrix, leaving a
monolaye%ized-PDMS microdomains on the substrates. The thickness of the oxidized-
PDMS liss than about half their width because the O, etch converts the PDMS into
a silica-like Madterial with a volume reduction as the organic parts (methyl groups) of the
PDMS ar@removed, and the lines formed a fingerprint-like pattern on the substrate lacking
long rangg, orientation order. The oxidized-PDMS formed by the oxygen plasma is a robust
silica-li#termi that serves as an insoluble, durable topographical grating pattern. The next

layer of self-as$embled oxidized-PDMS microdomains was generated by spin-coating

another PS-5-PDMS BCP directly on top of the lower layer. The sample was subjected to

PDMS structuté@pn the surface of the substrate. To generate the third layer of self-assembled

oxidized-PDMS domains, the BCP film deposition, solvent vapor annealing and two-step
13
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RIE processes were repeated. The process parameters that influence the morphology and
alignment angle between BCP layers include the film thickness and annealing, [****% the

amplituMiod of the underlying pattern and its commensurability with the period of

the second@are described in the Supplementary Information, page 4.

multi-laye

subsequerm by toluene. The grafted PDMS layer is approximately 2 nm thick, measured from
o

spectral r try. The perfluorinated brush was prepared by placing the sample inside a
vacuum g ber with a 1mL of heptadecafluoro-1,1,2,2,-tetrahydrodecyl trichlorosilane
(Gelest, In on a glass slide to create a vapor environment. The fluorination time was 30 min
and the fluggi layer is approximately 1 nm thick. Extended time between etching and coating
led to poor, ion of the fluorinated layer.

Contact amsurements, optical and mechanical testing. Droplets of distilled water were

applied pared surface, and the static contact angle was measured with a horizontal

microscope eq d with a VCA 2000 Optima (AST Products Inc). The mean value was calculated

from a individual measurements. The optical transmittance spectrum of reference and
patterned glass were measured over a wavelength range of 300 — 800 nm, using a UV-Vis
spectroph(&meter (Perkin Elmer Lambda 1050). For the mechanical tests a high-tack tape (3M VHB

Tape 5925 n adhesion to steel of 3000 N/m) was applied on a sample with SD53 pattern after

subsequent d off in a direction perpendicular to the sample surface, as reported by Peng et.
al.k®

Modeling raphy and Contact Angle. The topography of the hierarchical block copolymer
was a

roximated in Fusion 360 CAD software, based on tapping-mode atomic force

etching ( e perfluorosilane layer) by rolling a 8 Ib. steel roller forward and reverse and

structures

microscopy (AF easurements and prior observations. Examples of experimental measurements

re shown in Figures S1(a) and S1(b) and the corresponding model topography in

Figure S1(c). T ock copolymers SD123, SD53, and SD16 are denoted as layers A, B, and C, with

14
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80nm, 40nm, and 20nm spacing respectively. The topographical oxidized-PDMS features were
approximated as half-cylinders with diameter one-half of the period. When one block copolymer
layer chnother, we introduced a five-point cubic spline at the top of the lower layer, a
quarter of ius down, and the minimum sag at one-half the bottom layer radius, then placed
the top hemcross this. Any overhanging topography was then extruded to the substrate
at a 5° amglesfmemmbthe vertical, mimicking the sidewall taper produced by reactive ion etching.

-

Next, we p surface across the structures to represent the boundary of the water drop,
caIcuIatingGace area of the substrate topography above this wetting plane, denoted (g (),
and the pr rea onto the plane beneath, denoted (1,,(). Both are functions of the height h of
the boundaly pl&he above the substrate plane. From these curves, shown in Figure S5, we then
calculate the expe@ted wetting angle as a function of height h as follows. We begin with the result of
Cassie an er’ shown in equation 1, which gives the predicted wetting angle on an
inhomogen€ous surface as a function of the wetting angle 6y on the solid portion, the fraction f; of
the liquid at is in contact with the solid, the contact angle of the liquid interface with air

(which is =180°) and the fraction of the liquid surface that is in contact with air, f;.

Simplifying thes@®erms according to Calvimontes™*” by recognizing that f; + f; = 1, cos; = 1, and

cos By i ively f(n)Ts(n)COSOyo, Where By is the intrinsic contact angle of the flat substrate

(determi xample by its brush coating), we obtain equation (2), whose terms fi,) and rs ) are
defined in equations (3) and (4) and L,,” represents the rectangular area of the full simulated region.

Equation (2) gives the predicted contact angle as a function of the height of the water contact

boundary substrate.

O cos ¢ = fscosBy + f; cos b (1)
‘ cos @ = fp)(rspmycosbyy+1) —1 (2)

Qs1,(n)
TsL(h) = (3)

H Qp(ny

Qpn)
s fmy = 7 (4)
m

When %@ we simply recover the fully-wetted Wenzel regime surface roughness factor r.
This case is nev hieved for hydrophobic surfaces, but for hydrophilic surfaces it provides a check
15
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of our model. With no hydrophobic coating, we measure a contact angle of 40° for the polished glass

substrate, and from this we predict a wetting angle of 10° for a single layer of BCP topography,

which aWy matches our experimental result of ~13°.

This analys

P

predicted contact angle as a function of the height of the water-air boundary

above tie substmate, but the equilibrium value of h has to be determined thermodynamically. The

]

analysis o ntes using polygonal maps allows for the prediction of h using free energy

argumentsg® Follawing this approach, we define the total free energy A;ytq; in equation (5) where

G

Ag is the i | energy contribution of the solid-liquid interface and A that of the liquid-air
interface, qu. (6) and (7) respectively. The term y,; L?,in (6) and (7) represents intrinsic
properties urface (y.¢ is the liquid-air surface energy, v, is the solid-liquid surface energy),

and does not apfgar in calculating the equilibrium wetting height. The (1 — f(;)) term in Eq. (7)

Ul

represents actional projection of the surface area on the water-air interface, and the
(2 — cosd Papproximates the additional air-water surface area as described in Figure S5. Equations

(8-10) sho

n

ivation of & and are described elsewhere.!*’!

Atotar = Ast + ALg (5)

Asp = —Yi6 L3,cos(Byy) faTsim (©)
A = V16 Ln (1= fa) 2 — cosé)
Sny = By +ay —180°

. TSL(h)f (h) — TSL(h—Ah)f(h—Ah)

T(h) = (9)
" fy = fn-an
1
Cos ) = =3 (10)
Tt

thor Ma

Once A¢praris C ated for a range of wetting heights, we then take its derivative with respect to h,

U

denoted Aj,; h is plotted in Figure S6. The minima of these plots denote the lowest energy

configu each wetting line, and from this value we can then calculate the expected contact

angle from Eq. hich is demonstrated graphically in Figure S5. From this procedure, we derived

16
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the contact angles and heights shown in Table 1. This method is appropriate for either of the two

hydrophobic treatments used in the experiment, because the difference comes in simply as the 6y

initial CCM term which can be varied. In the case of Table 1, we present values calculated

for the perf, ilane treatment.
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