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CPP 22: Focus: Wetting on smooth and rough surfaces: From spreading to
superhydrophobicity |

Wetting determines the morphology and dynamics of a liquid on a surface. In particular for rough,
structured, or deformable surfaces the dynamic contact angles are poorly understood. Progress in
experimental and numerical techniques permit time resolved three-dimensional investigations of wetting,
providing new insight into the interplay between the contact angle, hysteresis, and pinning.
Organizers: Hans-Jirgen Butt (Mainz), Stephan Herminghaus (Gottingen), Doris Vollmer (Mainz)

Time: Wednesday 9:30-13:00

Invited Talk CPP 22.1 Wed 9:30 H34
Liquid drops on soft solids — eJacco SNOEIJER — University of
Twente, The Netherlands

The wetting of a liquid on a solid usually assumes the substrate to
be perfectly rigid. However, this is no longer appropriate when the
substrate is very soft: capillary forces can induce substantial elastic
deformations, as has been demonstrated e.g. for drops on elastomers.
In this talk we discuss the fundamentals of elasto-capillary interac-
tions. Theory, simulations and experiments reveal the surprising na-
ture of capillary forces, which turn out to be different from anything
proposed in the literature. We also discuss how the law for the contact
angle (Young’s law) is modified for soft substrates.

CPP 22.2 Wed 10:00 H34
How soft viscoelastic surfaces control the time scales of drop
spreading — LoNcQuaN CHEN', eELMAR BoNaccurso!, and MAR-
TIN SHANAHANZ — 1 Center of Smart Interfaces, Technische Universitt
Darmstadt, Petersenstr. 17, 64287 Darmstadt, Germany — 2Univ.
Bordeaux, I12M, UMR 5295, F-33400 Talence, France

It is known that liquid droplets spreading on a soft, viscoelastic sub-
strate can be slowed down considerably by the formation of a wetting
ridge, or protrusion of the substrate near the triple phase contact line
(TPCL) due to capillary forces. Viscoelastic dissipation in the sub-
strate can prevail over viscous dissipation in the liquid and dominate
the spreading process. In this contribution we show how the internal
time scales of the viscoelastic solid interact with a spreding droplet.

After contact of a droplet and a viscoelastic substrate a short, rapid
spreading stage occurs. The necessary balance determining speed of
motion of the TPCL is initially between capillary and inertial forces.
As spreading proceeds, inertia lessens while the lower spreading speed
allows for viscoelastic effects to emerge. We study the transition be-
tween inertial and viscoelastic regime by high-speed video microscopy
and propose a simple model for relating the transition time with prop-
erties of the liquid and the viscoelastic substrate.

CPP 22.3 Wed 10:15 H34
The wetting properties of graphene in the light of molecular
dynamics simulations — eFREDERIC LEROY, FERESHTE TAHERIAN-
TaBAsI, VALENTINA MARcON, and Nico vaN DER VEGT — Center of
Smart Interfaces, TU Darmstadt, Darmstadt, Germany

It has recently been shown that monolayer graphene may serve as a
protective coating for metals and nonpolar solid substrates while pre-
serving the wetting properties of these surfaces with respect to water.
The question arises as to whether such coating would preserve the
wetting properties of all nonpolar surfaces.

To answer this question, the contact angle of water droplets on sus-
pended isolated graphene must be known. Experimental work suggests
that graphene may yield a value of the contact angle as high as 127°,
whereas other studies suggest a weak enhancement in comparison with
the value of 95° on graphite.

We have developed an argumentation supported by molecular dy-
namics simulations to show that a value of the contact angle of water on
graphene cannot exceed 100°. In agreement with recent experimental
work, it is thus anticipated that graphene coating is not transparent to
the wetting properties of nonpolar subtrates which yield contact angles
larger than 100°.

Furthermore, our study leads to the conclusion that the work of
adhesion of water on graphene includes a non-negligible entropy con-
tribution. Based on the theory of solvation, we introduce the idea that
this entropy contribution is related to the fluctuations in the water-
substrate interaction energy.

CPP 22.4 Wed 10:30 H34

History-dependent dynamic receding contact angles of aque-

Location: H34

ous surfactant solution slugs flowing through polymeric capil-
laries — MaNos ANYFANTAKIS, DANIELA FELL, HANS-JURGEN BuTT,
and eGUNTER K. AUERNHAMMER — Max Planck Institute for Poly-
mer Research, Mainz, D-55128, Germany

The time-dependent dewetting behavior of surfactant solution slugs
which are forced to move in fluorinated ethylene propylene (FEP)
micro-tubes was experimentally investigated. The dynamic receding
contact angle at a given wetting velocity, measured by high-speed imag-
ing of the receding menisci, was found to decrease as the solid-liquid
contact time increased. Long-time kinetics of several hundred s led
to a final state displaying a 0o dynamic receding contact angle. The
receding contact angle kinetics was found to strongly depend on the
slug velocity. Higher speeds led to a faster decrease in the receding
contact angles. Qualitatively similar results were obtained for anionic
(sodium dodecyl sulfate) and cationic (hexadecyltrimethylammonium
bromide) aqueous surfactant solutions at concentrations below and
equal to the corresponding critical micellar concentration. Employing
a different hydrophobic surface (polycarbonate micro-tubes) led to an
analogous dewetting behavior, presumably indicating a generic effect
for hydrophobic solid surfaces. This history effect was absent in simple
liquids (2-propanol, water), where the dynamic receding contact angle
does not depend on the contact time.
M. Anyfantakis et al., Chem. Lett. 2012, 41, 1232

CPP 22.5 Wed 10:45 H34
Mixed Wettability on the Mesoscopic scale: Effect of wetting
correlation length in porous media — eJuLIE MURISON!, BENOIT
SEMIN2, JEAN-CHRISTOPHE BARET!, STEPHAN HERMINGHAUS!,
MATTHIAS SCHROTER', and MARTIN BRINkMANN! — 1Max Planck
Institute of Dynamics and Self Organisation, G&éttingen, Germany —
2Laboratoire de Physique Statistique, ENS, Paris, France

In order to better understand the behavior of immiscible two phase
flow through mixed wetting porous media, we have designed a series
of experiments to test the effect of isolated and controlled microscopic
heterogeneities (sub-grain) on a larger sample scale (20 mm). Here
we present the effect of wetting correlation length on the sub-pore
to multi-pore (aprox lmm) scale. Initial results indicate that sam-
ple composition alone cannot adequately describe the fluids behavior,
but rather the size of the heterogeneity creates different wetting envi-
ronments. In particular sub-pore heterogeniety causes large hystere-
sis in fluid displacement profiles. Recently we combine gravametric
measurements of fluid displacement with X-ray microtomography to
characterise and quantify effective trapping environments for droplets
within the porous media.

CPP 22.6 Wed 11:00 H34
Dewetting of mixtures as described by a gradient dynamics
model — eUwEe THIELE, DEsisLava Toporova, and HENDER LOPEZ
— Department of Mathematical Sciences, Loughborough University,
Loughborough, Leicestershire, LE11 3TU, UK

We show that the dynamics of free surface films of mixtures (polymer
blends, nanoparticle suspensions) may be described by a hydrodynamic
long-wave model that is written thermodynamically inspired gradient
dynamics form based on an underlying free energy functional (account-
ing for wettability and capillarity). For an ideal mixture whose compo-
nents do not differ in their wettability, the *classical* hydrodynamic
model used, e.g., in Refs. [1,2] is recovered. The gradient dynamics
form allows us to extend the model to incorporate (i) solute-dependent
wettability, and (ii) solute-solvent decomposition [3]. We illustrate ex-
tension (i) by an investigation of the dewetting of a film of a mixture
and show that a film may become unstable through the coupling of
film height and concentration fluctuations. The resulting nonlinear
dynamic behaviour and equilibrium states are discussed [4]. The out-
look discusses how the idea also applies to surfactant-covered films [5].
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[1] M. Warner, R. Craster and O. Matar. J. Colloid Interface Sci.
267, 92 (2003). [2] L. Frastia, A.J. Archer, U. Thiele, Phys. Rev.
Lett. 106, 077801 (2011); Soft Matter 8, 11363 (2012). [3] U. Thiele,
Eur. Phys. J. Special Topics, 197, 213-220 (2011). [4] D. Todorova,
H. Lopez and U. Thiele, in prep. [5] U. Thiele, A.J. Archer and M.
Plapp, Phys. Fluids 24, 102107 (2012).

15 min. break

Invited Talk CPP 22.7 Wed 11:30 H34
Wetting transitions in polymer decorated nanostructured
surfaces — ¢JURGEN RUHE — Institut fiir Mikrosystemtechnik, Uni-
versitat Freiburg, 79110 Freiburg

We describe the generation of well defined micro- and nanostructured
surfaces with surface-attached polymer monolayers. To this high as-
pect ratio micro- and nanostructured surfaces are generated in sili-
con through lithography, the Bosch process or DRIE process. In the
first case well defined post structures, in the latter silicon nanograss
structures are obtained. The silicon structures are coated with self-
assembled monolayers containing benzophenon groups. These mono-
layers are used for a photoinduced attachment of polymer monolayer
to these surfaces. We study the wetting properties of such surfaces as
a function of the surface energy of the polymer involved. Superwet-
ting, Wenzel-type of wetting and superhydrophobic properties can be
observed. In some cases roll-off angles well below <1° are observed.
It is found that such surfaces show very distinct wetting transitions,
where even minor changes in the surface energy of the coating cause
huge changes in the contact angle.

CPP 22.8 Wed 12:00 H34
Dynamics of water droplets on nanostructured hydrophobic
surfaces with step gradients — eToBias NECKERNUSS, STEFAN
WIEDEMANN, ALFRED PLETTL, and PAuL ZIEMANN — Institute of
Solid State Physics, University of Ulm

Droplets on a surface exhibiting different contact angles (CA) along
their three-phase-contact-line experience a net force due to uncompen-
sated Young forces. These forces play a major role in the dynamics of
both, CA hysteresis and gradient-induced movement. A simple analyt-
ical model is developed based on these uncompensated Young compo-
nents combined with geometrical constraints when a droplet laterally
crosses a wettability step. Such steps are prepared with a micellar tech-
nique in combination with a hydrophobic Teflon-like coating leading to
arrays of nanopillars (typical height: 100 nm, diameter: up to 40 nm).
As a result, CAs of about 165° and 150° are observed for advancing
and receding droplets, respectively. By varying parameters like pillar
density and diameter, the forces acting on a moving droplet can be
adjusted. The dynamics of moving droplets are investigated with a
modified commercial CA measurement setup. To move a droplet to-
wards the wettability step, the substrate can be tilted, allowing control
of its shape and velocity in the vicinity of the step. Comparison of ex-
perimental data to the model prediction shows remarkable agreement.

CPP 22.9 Wed 12:15 H34
Dynamic Measurement of the Force Required for Moving
a Liquid Drop on a Solid Surface — eDowmiINIK PirLaT, PERIK-
Lis Papaporouros, DaAvID SCHAFFEL, DoORIS VOLLMER, RUDIGER
BERGER, and HaNs-JURGEN Burt — Max-Planck-Institut fiir Poly-
merforschung, Ackermannweg 10, 55128 Mainz, Germany

A novel setup for direct measurement of the force needed to move a
drop on a solid surface was developed. The forces were measured by
means of a vertical deflectable capillary stuck in the drop. The drop
adhesion force instrument (DAFI) allowed us to investigate the dy-
namic lateral adhesion force of water drops of 0.1 to 2 puL. volume at

defined velocities. On flat PDMS surfaces, the dynamic lateral adhe-
sion force increases linearly with the diameter of the contact area of the
solid liquid interface and linearly with the sliding velocity. We further
investigated a 3D superhydrophobic pillar array. The depinning of the
receding part of the rim of the drop occurred almost simultaneously
for four to five pillars, giving rise to peaks in the lateral adhesion force.
The spatial resolution of the lateral adhesion force, which is possible
with the DAFI, is not only interesting for scientific applications, but
also for industrial applications like quality control of surfaces made in
large scale processes.

CPP 22.10 Wed 12:30 H34
Exploring the high-pressure wetting resistance of springtail
skin by in situ plastron collapse tests and numerical simu-
lations — eRENE HEenseL!, RaLr HerBig!, Juria Nickerr!, Sk-
BASTIAN ALANDZ, HaNs-GEoRG Braun!, AXEL VoiaT2?, CHRISTOPH
NEewnuis®?, and CarsTEN WERNERD® — 'Max Bergmann Center
of Biomaterials, Leibniz Institute of Polymer Research Dresden, Ger-
many — 2Institute of Scientific Computing, TU Dresden, Germany —
3Institute of Botany, TU Dresden, Germany — 4B CUBE Innovation
Center for Molecular Bioengineering, TU Dresden, Germany

Springtails (Collembola),wingless arthropods are adapted to cutaneous
respiration in temporarily rain-flooded habitats due to a non-wetting
skin surface. They immediately form a plastron protecting them
against suffocation upon immersion into water and even low-surface-
tension liquids. Herein, we present the design principles for pressure
resistance of such plastrons against collapse. Therefore, the skin mor-
phology of springtails was studied by transmission electron microscopy.
The micrographs reveal cavity side-wall profiles with characteristic
overhangs. These were fitted by polynomials to allow access for analyt-
ical calculations of the breakthrough pressure, i.e., the barrier against
plastron collapse. The actual dynamics of an enforced wetting transi-
tion from heterogeneous to homogeneous wetting state were performed
by in situ plastron collapse tests and numerical simulations based on
a diffuse interface approach for two phase flow. Furthermore, model
profiles with well-defined geometries were used to develop a general
design principle for the most robust surface structures.

CPP 22.11 Wed 12:45 H34
Design of the self-repairable materials using colloidal par-
ticles — eNikoLay PuURreTskivy!:2, Georai StovcHeEv!:2, ALLa
SyNyTskal, and Leonip Ionov! — lLeibniz-IPF Dresden, 01069
Dresden, Germany — 2TU Dresden, 01062 Dresden, Germany

We suggest an approach for the design of materials with self-repairable
switchable and hydrophobic properties. The approach is based on use
of colloidal particles located on a surface of hydrophobic oil. Due to
surface forces, the colloidal particles segregate at the wax surface after
melting and change its wetting properties. Since the degree of parti-
cle immersion in the wax depends on the environment (hydrophilic or
hydrophobic), the roughness, as well as the wetting properties of the
particle-wax composite surface, can be switched. The obtained mor-
phology can be "frozen” by cooling down below oil melting point [1].
Notably, since the colloidal particles are homogeneously distributed
in the wax bulk, removal of the topmost particle-wax layer does not
result in disappear of switchable properties. After remelting the parti-
cles segregate again at newly formed surface and switchable properties
are recovered. The similar approach is used for the design of mate-
rials with self-repairable ultrahydrophobic properties. The materials
are based on perfuorinated decane with incorporated colloidal parti-
cles. Due to the highly pronounced tendency of this perfuorinated
decane to crystallize, the formation of blends with rough fractal sur-
faces was observed [2]|. [1] N. Puretskiy, G. Stoychev, M. Stamm and
L. Tonov; ACS Applied Materials and Interfaces, 2010, 2, 2944-2948 [2]
N. Puretskiy, G. Stoychev, A. Synytska and L. Ionov; Langmuir, 2012,
28, 3679-3682



