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We report results of extensive experimental and numerical studies of the anisotropy ofwater drops deposited on single
rectangular posts of mesoscopic size sculpted on different materials. Drops of different volume deposited on the top face
of the posts assume an elongated shape along the post direction. Systematic investigations show that while the angle
measured along the direction parallel to the post does not change, the one measured across them increases
monotonically with the drop volume. The difference in these two angles is found to be proportional to the contact
line eccentricity even for very elongated drops, regardless of the post size and material. Results obtained with the lattice
Boltzmann method are consistent with these observations and indicate useful trends on the evolution of the drop shape
with the systemmain parameters.We argue that drops deposited on single posts having a very sharp profile represent an
ideal model system to investigate anisotropic wetting.

1. Introduction

Wettability is one of the most important properties of solid
surfaces and is governed by both the surface chemical composi-
tion and its morphology.1,2 Generally, the presence of roughness
enhances the hydrophilic/hydrophobic character of the surface.
If the roughness geometry is isotropic, a drop deposited on the
surface assumes an almost spherical shape, and the apparent
contact angle is the same asmeasured in any direction. In this case
the apparent contact angle is well predicted by Wenzel or Cassie
models, which are valid if the contact between liquid and substrate
is complete or air is trapped in the asperities of the rough surface,
respectively.1,2 If the roughness is not isotropic, e.g., parallel
grooves, the drop is elongated in the direction parallel to the
grooves, and the apparent contact angles measured along the
principal directions of the patterned surface are different. An
impressive demonstration of suchdissimilar behaviors is provided
by the leaves of lotus and rice plants: in the former case, a water
drop assumes an almost spherical shape, while in the latter the
drop is markedly stretched out along the raphes parallel to the
stem on the leaf.3

Advances in fabrication techniques allow the realization of
very controlled patterns at the micron/nanoscale which produce
isotropic, superhydrophobic surfaces, with a water contact angle
greater than 150�.4-8 Such surfaces have attracted a lot of
attention as an ideal playground to study fundamental issues at

the solid-liquid interface9-12 and for practical applications.13-15

More recent studies have focused onto the wetting properties of
anisotropic patterned surfaces. It was observed that even rela-
tively simple surface topographies such as grooves with rectan-
gular cross section exhibit a large variety of different wetting
morphologies.16 Analogously, chemically heterogeneous flat sur-
faces formed by alternating hydrophilic/hydrophobic stripes
show pronounced anisotropic contact angle hysteresis.17-21

Another phenomenon that has been intensely investigated is
the spreading of drops deposited on geometrically structured
surfaces characterized by parallel microscopic grooves. The shape
of water drops deposited on patterned PDMS substrates was
simulatedwith the Surface Evolver and complemented by contact
angle measurements.22 For such composite hydrophobic drops,
i.e., drops that do not wet the grooves of the structured surface,
the apparent contact angles in the direction perpendicular to the
pillars θ^ and that in the direction parallel to the pillars θ ) are
different, and both are larger than the intrinsic value of the
substrate material. If a drop is deposited on a grooved substrate,
the liquid tends to expand in every direction, but it finds
periodically energy barriers in its motion across the channels,
while it is ideally free to move along the parallel direction.
Accordingly, the drop is typically trapped in a state where it
resides on fewer pillars compared to a spherical composite drop
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on the rough surface.As a result,θ^>θ ). This is a consequence of
the squeezing and pinning of the drop in the perpendicular
direction and of the stretching of the drop along the grooves.
More recently, the anisotropy of water drops deposited on
tunable microwrinkled surfaces was studied as a function of the
surface roughness23. Again, it was found that θ^ > θ ). Further-
more, θ^ increased with the surface roughness because of the
pinning of the contact line. Vice versa, θ ) decreased with the
surface roughness as a result of preferential spreading due to
roughness-enhanced wetting (Wenzel behavior). An important
conclusion of this work was that the change of contact angle on a
real rough surface is significantly affected by the nature of the
three-phase contact line structure, rather than by simply increas-
ing surface roughness. Similar findings were observed in experi-
ments and numerical simulations based on the lattice Boltzmann
method on the spreading of liquid drops on hydrophilic surfaces
patterned with submicron and micron-scale parallel grooves.24 It
was found that the final drop shape is highly dependent on the
path by which it is achieved. Drops that advance across the
surface are elongated parallel to the grooves whereas drops that
dewet the surface are elongated perpendicular to the grooves.
Again, this behavior was explained in terms of pinning of the
contact line on the groove edges. However, as the authors pointed
out, the contact angle data were very noisy, underlining the
prevalence of hysteresis on patterned surfaces. More recently,
water contact angles measured using picoliter to microliter water
drops on hydrophilic and hydrophobic grooved PMMA surfaces
were reported.25 Also in this case, it was found that θ^ > θ ) and
that the measured contact angles amply differed from the predic-
tions by the Wenzel and Cassie models.

To better analyze the anisotropy of water droplets resulting
from the pinning of the drop contact line without the mentioned
complications due to the presence ofmultiple grooves, we decided
to investigate the wetting of a drop deposited on top of a single
rectangular post. In the following we present the results of
systematic experiments and lattice Boltzmann simulations of
the shape of drops deposited on single posts of different widths
and various surface energies. After a brief description of the
experimental and numeric techniques employed in this study, we
present and comment the main results of our work. We conclude
underlining that a dropona single post is an idealmodel system to
investigate the effects of contact line pinning caused by sharp
edges.

2. Experimental Section

Using a variety of techniques, we have fabricated numerous
surfaces patterned with straight pillars having a rectangular cross
section. Both hydrophobic and hydrophilic materials were inves-
tigated. In particular, we employed rapid-prototyping techniques
based on a commercial liquid thiolene optical adhesive, NOA61
fromNorland products,26 a material that is moderately hydroph-
obic (apparent contact angle θa = 65�). NOA61 was sandwiched
between two glass slides. The bottom slide was covered by a thin
polyester sheet acting as an antistick layer, while the top one was
covered with a photomask made with a high-resolution laser
printer.The two surfaceswerekept separatedby spacers of known
thickness. The adhesive was then selectively photopolymerized
across a photomask in such a way that desired parts of the liquid
solidify.Unpolymerized parts remained liquid and could be easily

rinsed away after separating the antistick surface. In this way, we
prepared parallel pillars with a width w ranging from 500 to
900 μm and a height h of 100 μm. Figure 1 shows a picture of a
NOA patterned surface with parallel posts of width 500 μm and
period 2 mm.

Wehave also usedPMMAsurfaces (θa=75�) patternedwith a
conventional 3-axis milling machine. The pillars had typical
widths w ranging from 500 to 900 μm and height h = 550 μm.
As shown in Figure 1, the resulting cross-section profiles present
some microasperities which are the result of the processing job.
Finally, for a more stringent comparison with numerical simula-
tions, we have sculpted rectangular posts on a stainless steel by
means of surface microelectrical discharge machining (micro-
EDM), operated in milling mode. Microelectrical discharge ma-
chining is a thermal process for contactless material removal of
electrically conductivematerials. Themachined features consisted
of a series of rectangular protrusions with length of 15mm, height
of 200 μm, andwidths of 200, 400, 600, and 800 μmobtained from
a stainless steel substrate, using electrodes in tungsten carbides
with a diameter of 300 μm.The surfaces of the steel substrate were
initially in the ground condition. In order to improve the surface
finish of the generated protrusions and avoid the influence of the
surface texture anisotropy due to grinding, the substrate’s surface
was polished in several steps, following a procedure similar to the
one used for preparation of samples for metallographic analysis.
This operation also allowed the removal of irregularities possibly
occurring at the edges due to small amounts of recastmaterial. By
a standard double replica molding process, we have then fabri-
cated positive copies in polydimethylsiloxane (PDMS) of the
stainless steels masters.

Contact angles of water drops were measured with an home-
made apparatus consisting of a motorized syringe pump, a video
camera, and motorized sample and camera stages controlled by a
PC. Small drops of controlled volume V comprised between 0.1
and 1.1 μL of Milli-Q water were produced with a syringe pump.
For a precise determination ofV, an image of the drop attached to
the syringe needle right before deposition was also taken and its
profile fitted to an elliptic shape which gives V = πDHDV

2/6,
where DH is the horizontal diameter and DV is the vertical
diameter (see Figure 2). The droplet was then gently deposited
on top of the post surface by moving the substrate into contact
with the drop. With PDMS, the sample was then lowered to
detach the drop from the needle, while the drop detached sponta-
neously after touching the post surfaces of the other materials.
Profile views of the dropwere taken along the orthogonal and the
parallel directions to the post. In order to get statistically sound
results, we typically measured at least five drops for each sample.
The representative apparent contact angle was then taken as the
mean of these different determinations, at least 10, and the
corresponding error was estimated to be typically (2�, unless
otherwise stated.

Figure 1. Images of patterned surfaces: (A) top view of a NOA
surface; (B) top view of the steel surface with micrometer rough-
ness; (C) lateral sectionofPDMSdouble replicaof steelmaster; (D)
lateral section of PMMA micromachined relief. Reference scales
are in microns.
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Usually, a drop lying on the post is nonspherical because the
base is not a circle. The mean curvature is constant over the drop
(except very near the surface), but the curvatures parallel and
perpendicular to the ridge at different points on the surface will
not, in general, be the same. Close to the surface the interface
is distorted because of pinning. This distortion is smoothed out
by the surface tension moving away from the surface. A local fit
probes the contact angle close to the contact line, and a global
fit probes it on larger length scales where surface tension dom-
inates. Any difference is a measure of the local distortion of the
contact line.

Figure 2 shows the local and global elliptic fits of a drop
deposited on a PDMS post. The choice of an elliptic fitting
function does not derive from fundamental arguments but is
rather based on convenience, an ellipse being a close approxima-
tion to a slightly deformed circular profile like, for instance, that
displayedby the elongated sessile drops analyzed in thiswork.The
goodness of the resulting fits is a posteriori validation of our
approach. The difference δθ= θlocal- θglobal cannot be ascribed
to gravitational effects because the maximum volume of the
investigated drops was less than 1 μL, corresponding to a typical
radius of about 0.6 mm, much smaller than the capillary length
δc = (γ/Fg)1/2, where γ is the liquid surface tension, F its mass
density, and g the acceleration of gravity, that for water at room
temperature amounts to 2.7 mm. We rather observed the largest
discrepancies between the two determinationswhen analyzing the
most anisotropic drops observed on the narrowest posts. Figure 3
shows the δθ calculated analyzing drop images taken on PDMS
posts of different width w both in the orthogonal and in the
parallel views. The difference data are plotted as a function of the
ratioV/w3, which represents the drop volumeV scaled to the post
size. At small values of the scaled volume, the two fits are
practically indistinguishable. As the volume increases, the drop
starts to assume an elongated shape, and the results of the two
fitting procedures deviate. In the extreme case, the two determina-
tions differ bymore than 10� that cannot be neglected in a proper
analysis of the drop anisotropy. Interestingly, the deviations have
different sign for the front and for the lateral views. This effect is
also evident, although less pronounced, for the posts made out in
PMMA. Instead, the difference is not appreciable for the NOA
and the stainless steel samples. This is due to the fact that water
drops deposited on these hydrophilic surfaces are strongly

elongated along the post. As a consequence, in the orthogonal
view it is more difficult to focus on the drop contour, and the
resulting image is somewhat blurred. We have analyzed the
images reported in Figure 8 of ref 22 which show large drops
(volume about 5 times larger than that of the drops we studied)
forming a composite contactwith thepatterned surface and found
a similar behavior. Differences between the local and the global
contact angles were also mentioned in ref 24, although in this
work only global contact angles were presented.We conclude this
section pointing out that the contact angle values presented in this
workwere determined from fitted ellipses to the drop profile close
to the contact line.

3. Numerical Method

The equilibrium properties of the drop are described by the
total free energy

Z
V

ψbðnÞ þ K
2
ðDRnÞ2

� �
dV þ

Z
S

ψsðnsÞ dS ð1Þ

whereψb(n) is the bulk free energy term, κ is related to the liquid-
gas surface tension phases,ψs(ns) is a surface free energy term that
describes the interaction between the liquid and the solid phases,
and ns is the value of the fluid number density at the surface. The
bulk energy ψb(n) depends on the local number density n as27

ψbðnÞ ¼ pcðvn þ 1Þ2 vn
2 -2vn þ 3-

τw
5

� �
ð2Þ

where vn = (n- nc)/nc and Tn = (T- Tc)/Tc. The parameters nc,
T, Tc, and pc are the critical density, local temperature, critical
temperature, and critical pressure, respectively. Theminimization
ofψb(n) leads to two coexisting bulk phases of density nc[1( (τw/
10)1/2].27 The gradient term in eq 1 models the free energy
associated with interfaces in the systems and gives a liquid-gas
surface tension σlg = [4nc(τw/10)

3/2(2κpc)
1/2]/3, with interface

width ξ = [(κnc
2)/(2τwpc)]

1/2. Unless stated otherwise, we use
k= 0.018, nc = 7/2, pc = 1/8, and τw = 0.3 where all the values
are given in simulation units. For the surface free energyψs(ns) we
take, following Cahn,28 ψs(ns) = -φns, where ns is the local

Figure 2. (A) Water droplet attached to the syringe needle before
right before deposition. (B) Orthogonal view of the drop deposited
onto a PDMS post: yellow (red) line is a global (local) elliptic fit to
the drop profile. (C) Parallel view of the same drop measured onto
the PDMS post. (D) Top view of a highly anisotropic droplet
deposited on a NOA post.

Figure 3. Differences in the fitted contact angles determined from
orthogonal (full symbols) and parallel views (empty symbols) as a
function of the scaled volume V/w3. The data refer to drops
deposited on PDMS posts of different widths.
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number density of the liquid at the surface. The strength of the
interaction and the apparent contact angle is parametrized by φ.
The time evolution of the drop is described by the continuity and
Navier-Stokes equations

Dtn þ DRðnuRÞ ¼ 0

DtðnuRÞ þ DβðnuRuβÞ ¼ -DβPRβ þ
vDβ½nðDβuR þ DRuβ þ δRβDγuγÞ� ð3Þ

where uB, PRβ, and v are the local velocity and kinematic viscosity,
respectively. The equation ofmotions (3) will bring the drop to its
equilibrium configuration through the pressure tensor PRβ which
is related to the free energy by29

PRβ ¼ pb -
K
2
ðDγnÞ2 -KnDγγn

� �
δRβ þ KðDRnÞðDβnÞ ð4Þ

with

pb ¼ n
dψbðnÞ
dn

-ψbðnÞ-Knr2n-
K
2
jrnj2 ð5Þ

To integrate numerically the equations of motion we use a lattice
Boltzmann algorithm29-31 in which no-slip boundary conditions,
uB=0, are imposed on the surfaces adjacent to and opposite of the
drop while periodic boundary conditions are used in the two
perpendicular directions. More details of the algorithm including
the way in which the boundary conditions are implemented are
given in ref 30. In the past years this (or similar) numerical
approach have been proved to be a reliable tool to study the
equilibrium morphologies of a drop deposited on patterned
surfaces.24,30,32

Most of the simulations are made for a system size of LX �
LY � LZ = 40 � 60 � 30 lattice units (lu). The surface is
characterized by a single relief of width varying from 8 to 34 l.u.
and height of 5 lu. The initial droplet is introduced by setting the
density of liquid to nf= 4.128 (simulation units) within a spherical
cup of radius 13 lu. The sphere is centered 12 lattice sites over the
post plane. In this way the initial configuration has a very little
contact area,mimicking the deposition process of the drop. To the
remaining lattice sites of the system, an initial gas density ng =
2.913 was finally assigned. The initial drop is then allowed to
equilibrate on the post surface by iterating the LB algorithm for a
sufficient number of time steps. For the system size considered
here, it turns out that 40000 steps are sufficient to reach equili-
brium.Note that an equilibrium interface, ofwidthof about 5 lu, is
formed between the liquid and gas phases, which corresponds to
about 20% of the mean droplet diameter. The volume of the drop
is obtained simply by counting the number of lattice sites with
density greater than a threshold density value nt = (ng + nf)/2.
This has beendone by scanning the symmetry planes of the drop in
the orthogonal and parallel directions. By counting the lattice
points with density n > nt, one gets the volume of the drop.

We point out that the volume does not remain constant during
the simulation, but it reaches an equilibrium value, different from
the input one, that depends, in a nontrivial way, on the apparent
contact angle of the surface post θa (i.e., degree of hydrophobicity).

From the equilibrated profiles it is also possible to estimate the
equilibrium contact angle along both the parallel and the perpen-
dicular direction of the pillar. The equilibrium contact angle
shouldbe inprinciple estimatedby looking at theway inwhich the
profile meets the solid surface of the pillar (contact line). How-
ever, while along the parallel direction the contact line is always
horizontal, along the orthogonal direction the situation is less
clear since there are situations in which the orthogonal drop
profile can spill over the edges of the post. This gives rise to a
vertical contact line, as shown in Figure 4 and for wide interfaces,
as the one we are obtaining numerically, the local estimate of the
contact angle strongly depends on the value of nt chosen. This
large uncertainty in the orthogonal contact angle estimate is
probably due to the width of the liquid-gas interface that is
unphysically large with respect to the overall size of the system,
and itwill be attenuatedwhen simulations of the larger systemwill
be available. For the system sizes we are considering one can
however overcome this problem by fitting the overall drop profile
according to an elliptic curve and estimating the corresponding
apparent contact angle as the contact angle made by the fitted
ellipse. This ensures a very mild dependence of the estimate of θ^
with respect to the density threshold chosen to define the profile
(see inset of Figure 4 where three different values of nt are shown).

4. Results

In this section we attempt to provide a consistent picture of the
geometry of an elongated drop deposited on a single rectangular
post based on systematic static contact angle measurements and
lattice Boltzmann simulations. After a water drop is deposited on
the top face of the post, it generally assumes an elongated shape
parallel to the post direction. To simplify the analysis of the
resulting geometry, we focus only on the two principal directions
given by the symmetry of the system, e.g., parallel and perpendi-
cular to the post, since the greatest difference in contact angle is
expected between these two.24 For each deposited drop, we then
measured the static θ^ and θ ) and the eccentricity ε of the con-
tact line defined as ε= (B^- B ))/(B^+ B )), where B^ (B )) is the
maximum base diameter in the perpendicular (parallel) direction.
Figure 5 shows the eccentricity of water drops deposited on a
PDMS post having a width w=400 μm as a function of the drop
volume. The error bars on ε are determined from the propagation
of the errors in the measurement of the base drop dimension,

Figure 4. Droplet profiles along the direction x orthogonal to a
rectangular post corresponding to different values of the density
threshold nt ranging from 3.1 to 3.9. Inset: elliptic fits to the drop
profiles determined for three different nt values. The data refers to a
post 22 units wide and with θa = 70�.
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which correspond to an uncertainty of 5 pixels in the correspond-
ing image views. As expected, at sufficiently small volumes, the
contact line does not reach the post edges and the drop assumes
the shape of a hemispherical cup. As the volume increases, the
contact line gets pinned to the edges and the drop becomes
elongated along it. Similar behavior has been found for all the
investigated surfaces, although it is more pronounced for hydro-
philic surfaces.

Figure 6 summarizes the contact angle measurements on
PDMS posts of different width w. It shows the orthogonal and
parallel contact angles as a function of the base drop eccentricity.
From this graph it is possible to extract some general features
common to all the posts investigated: (i) θ^ is always larger than
θ ), in agreement with previous studies on patterned surfaces;22-24

(ii) θ^ is found to increase monotonically with ε (and therefore
with the drop volume) and reaches very large values near 180� on
the smallest posts; (iii) θ ) is a constant (coincident with the typical
value θa ≈ 118� measured on a flat PDMS), independent of the
volume drop and on the post width. Data dispersion is likely due
to the presence of surface defects on the post which act as pinning
centers for the contact line moving along the parallel direction
during the deposition phase.

This data suggests a very pronounced pinning effect exerted
by the post edges and a practically free expansion along the
post direction. After deposition, the drop spreads uniformly
in all directions until the contact line reaches the outer edges
of the post where it gets pinned. In fact, for the contact line to
move orthogonally to the post, it has to wet its vertical walls,
which, according to the simple Gibbs’ criterion valid for a
straight contact line,1,24 occurs when the advancing contact
angle in the perpendicular direction θ^ satisfies the relation
θ^ = θa + 90�. More generally, for a two-dimensional drop
profile θ^ = θa + ψ, where ψ is the maximum inclination of the
side wall with respect to the top of the post. In three dimensions,
the value of the advancing contact angle is not extreme as that
predicted by Gibbs’ criterion due to the energy costs associated
with the surface deformation from the spherical cap shape.24

Actually, regardless of the way the dropwas deposited on the post
and of its volume (we investigated drops as large as 1.2 μL
corresponding to radii of 0.7 mm), we have never seen θ^ larger
than 180� on the PDMS posts we have investigated. In other
words, large drops prefer to spread along the ridge than overhang
the sides. For the small drops pinned at the post edges, θ^ is
generally larger than the advancing angle parallel to the post
θ ) and the contact angle varies along the contact line. As a
consequence, the drop spreads preferentially along the paral-
lel direction, and hence the drop shape is elongated parallel to
the post.

This behavior resembles the anisotropy of water drops forming
a composite contact with a patterned PDMS surface.22 The static
contact angles in the two views are unequal with θ^ > θ ).
However, both angles are greater than the apparent contact angle
of flat PDMS and the value expected by Cassie formula lies
between θ^ and θ ), two facts that reflect the complexity of this
multiple wedge contact. The trends shown in Figure 6 also agree
qualitatively with very recent advancing contact angle measure-
ments for a water drop spreading on a photoembossed surface
(θa ≈ 70�) characterized by a periodic array of parallel ridges of
pitch equal to 80 μmand depth of 4.3μm.24 Increasing the volume
of the drop, θ ) remains essentially constant, while θ^ shows a
sawtooth variation with the volume indicating periodic lateral
pinning.However, fromaquantitative point of view, the observed
rises in θ^ with increasing volume are significantly different: less
than 4� for the photoembossed surface and more than 50� for the

Figure 5. Eccentricity ε of water drops deposited on a PDMSpost
having a width w= 400 μm as a function of the drop volume V.

Figure 6. Orthogonal (full symbols) andparallel (empty symbols) contact angles ofwater drops depositedonPDMSposts of differentwidths
as a function of the base drop eccentricity.
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single PDMS posts investigated here. This less efficient pinning
effectmay be a consequence of the rounded, shallow profile of the
photoembossed surface, whose ridges do not present the sharp
angles of the PDMS posts.

The observed anisotropy in the measured contact angles is
simply quantified in terms of the contact angle difference Δθ =
θ^ - θ ). Figure 7 shows this difference as a function of the
eccentricity ε for all the drops deposited on the various single
posts. The error bars of the stainless steel data are large because of
the difficulty in measuring small angles. The eccentricity values
span a much ampler interval than previous works which investi-
gated the anisotropy of water drops forming a composite contact
with arrays of PDMSgrooves22 (εmax<0.2) and awetted contact
with photoembossed surfaces24 (εmax < 0.15). Regardless of the
nature of the surface and of the size of the post, most of the data
nicely collapses on a straight line passing from the origin. Even the
data taken on theNOAposts, which do not present a very regular
rectangular cross section, do agree with this linear trend. How-
ever, the PDMSdatawith ε above 0.4 start to deviate significantly
from this common behavior. The measurements in Figure 7 can
be better understood if we consider that in general the anisotropy
Δθdepends on the drop eccentricity andon its volume. In termsof
nondimensional variables, one can write Δθ = f(V 0,ε), where
V 0 =12V/πD3 is the dropvolumenormalized to thedropletmean
diameterD= (B^+ B ))/2 (with this normalization factor, V 0 =
1 corresponds to exactly a half-spherical cup having a diameter
equal to the post width). Numerical simulations performed with
the surface evolver assuming a given elliptic profile of the base
contact line found a linear increase in Δθ vs ε. Furthermore, for
the same value of ε,Δθ decreases asV 0 increases:22 the drop tends
to bemore spherical for larger volumes in the case of hydrophobic
substrates. These features should be qualitatively the same for a
nonelliptic contact line. They are also shared by our data, as
shown in the inset of Figure 7 which plots theΔθ data in terms of
V 0. In these new coordinate axes, it appears evident that most of
the data refer to the same reduced volume V 0 0 approximately
comprised in the interval 0.5 < V 0 < 2, while the PDMS data
presents much larger V 0 values. In agreement with the numerical
simulations, the Δθ measured on highly anisotropic droplets
deposited on PDMS posts is smaller than that of the other
surfaces.

In Figure 7 we superimpose the experimental data with the
numerical results obtained with the LB method described in the
Numerical Method section. The two curves refer to θa = 75�
(solid) and θa = 75� (dashed) which correspond respectively to
the PMMA and PDMS posts investigated in these experiments.
Note that while the 75� curve agrees very well with the data, the
agreement between the 115� curve and the PDMS data is only
qualitative. We argue that the quantitative discrepancy is mainly
due to the choice of fitting the equilibrated drop profiles in both
directions (orthogonal andparallel) by a global elliptic curve.This
choice is consistent with previous approaches,24,32 and it works
nicely either for θa < 90� (see solid line) for any values of ε or for
relatively small values of ε in the case of hydrophobic posts. On
the other hand, dropswith high eccentricity on hydrophobic posts
present a strong variation in the local curvature in proximity of
the surface that cannot be taken into account properly by an
elliptic (global) fit.

Experimental results refer to a few values of static contact
angle, and to gain further informationon the relationshipbetween
the drop geometry and surface wettability, we must rely on the
lattice Boltzmann approach. Simulations have been performed
for drops having roughly (i.e., with a relative variation of at most
10%) the same volume and sitting on a single post. The runs refer
to posts having the same width w= 22 lu but different values of
θa. The results are reported in Figure 8. In Figure 8a we plot the
base eccentricity ε as a function of the surface apparent contact
angle. We find that ε decreases monotonically with θa. This is
somehow expected since, if all other parameters are kept fixed, it is
less energetically favorable for the drop to spread along the
parallel direction of a hydrophobic post, and the resulting shape
is hardly elongated.

Another quantity which is experimentally accessible is the
reduced volumeV 0. It is then interesting to explore howV 0 varies
with the contact angle θa. In Figure 8b we plotV 0 as a function of
θa. Note that V 0 increases faster than linearly as θa increases. On
the other hand, the higher is the surface hydrophobicity, the
higher is the V 0 requested to increase the eccentricity. This result
could explain the counterintuitive high eccentricity PDMS values
reported in Figure 7: they are characterized by very high V 0.
Strictly speaking, configurations with high V 0 are allowed be-
cause, due to the large hydrophobicity of the surface, it is not

Figure 7. Experimental values of Δθ as a function of eccentricity R for different samples. The curves represent numerical results for two
diverse θa. Inset: Δθ vs the reduced volume V 0.
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energetically favorable for the drop to wet the sides of the very
narrow post considered here. On the other hand, if the surface
were made by a regular sequence of grooves, these rather extreme
situations would not be observed because the drop would first
find neighboring pillars to wet.

In Figure 8c we plot the relation between Δθ and ε obtained
with this set of simulations at constant drop volume and for a post
of the same width but varying θa. Because of the pinning at the
outer edges, we find that for small eccentricities (ε < 0.3) the
linear dependence is not affected by the surface wettability.Going
from hydrophobic to moderately hydrophobic surfaces, i.e.,
decreasing θa, the drop will become more elongated and more
anisotropic but in such a way that the ratio Δθ/ε remains
constant.

Finally, we analyzed the shape of the three phase contact line
derived by the lattice Boltzmann simulations. The derived profiles
were fitted according to the equation (|x|/A)R+(|y|/B)R, whereA,
B, and R are free parameters. For very small eccentricities, we
found that the contact line is circular (R=2), as expected. As the
drop becomes more elongated, R increases, and when ε is close to
0.2, typical eccentricities investigated in ref 22, a cubic ellipse (R=
3) is a fairly good approximation for both hydrophilic and
hydrophobic substrates.

5. Conclusions

At variance with all previous studies which focused on the
anisotropy of drops deposited on arrays of parallel ridges made
out of hydrophobic materials, mostly PDMS, we have system-
atically investigated the elongated shapes of water deposited on
rectangular posts of mesoscopic size and different hydrophobi-
cities.

Wehavemeasured the local contact angles and the base contact
line elongations in directions parallel and orthogonal to the
post. The orthogonal contact angle is found to increase with the

drop volume, as observed in previous studies on patterned
surfaces.22-24 Instead, the parallel angle practically does not
change and coincides with the intrinsic values of the correspond-
ing surfaces, in contrast with the variations observed in the above-
mentioned work, which reflect the complex nature of multiple
contacts. The drop anisotropy is explained in terms of pinning at
the outer edges of the post and of free expansion along the post.
It has been simply quantified in terms of differences in the contact
angles measured in the front and in the lateral views and of the
eccentricity of the base contact line. The difference in contact
angles is strictly related to the base eccentricity and to the volume
of the drop normalized to the post size. In other words, if we
deposit a drop of a given volume on a post with known width and
wettability, it is possible to determine the drop eccentricity and
therefore the orthogonal and parallel contact angles. These
experimental observations are backed up by numerical lattice
Boltzmann simulations and confirm previous investigations with
the surface evolver program.22 The results obtained with the
lattice Boltzmann method provide useful trends to clarify the
evolution of the drop shape with the system main parameters. In
conclusion, the use of single posts having a very sharp profile
simplifies the investigation of the drop anisotropy because there
are no hysteretic effects, data interpretation is more direct, and
very elongated shapes can be easily reached. Instead, for multiple
ridges the final state depends on the way in which the drop is
placed on the surface. For example, drops jetted onto the surface
will spread over more posts than those placed gently on the
surface and will, in general, not retract to the same shape because
of pinning.24 Single posts are therefore an ideal model system to
investigate the effects of contact line pinning caused by sharp
edges.
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Figure 8. Results of lattice Boltzmann simulations obtained for a post withw=22 lu: (a) base eccentricity ε as a function of θa; (b)V 0 vs θa;
(c) Δθ vs ε for different θa ranging from 50� to 120�.
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