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Increasing demands for ice resistant functional materials and coatings prescribes the intensive 
development of new anti-icing technologies. Besides in recent decades, efforts have been made 
to attain a more detailed understanding of the physicochemical phenomena governing the icing 
processes. One of the most promising approaches to the creation of ice resistant surfaces 
involves the fabrication of superhydrophobic coatings on the surfaces of materials to be 
protected.  The physico-chemical behavior of water drops on superhydrophobic surfaces at 
negative temperatures plays the crucial role for the anti-icing efficiency of such coatings. In this 
talk we will discuss the behavior of supercooled water drops on different superhydrophobic 
surfaces in saturated water vapor atmosphere.  

The wettability of superhydrophobic surfaces at negative temperatures, interaction of water with 
superhydrophobic surface and kinetics of water drop freezing will be analyzed on the basis of 
water drop shape analysis. The influence of surface wettability and surface forces on the 
energetic barrier for heterogeneous nucleation and freezing delay will be considered. 
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Adhesive force between small particles are essential for the flow of granular matter, coating and 
cleaning. After discussing some general aspects of adhesion between particles, capillary forces 
are described. The adhesion between hydrophilic particles in air is often dominated by capillary 
forces. The reason for capillary forces under ambient conditions is that water condenses into the 
gaps between neighboring particles. Such a water meniscus causes an attractive force, called 
capillary force. Several aspects of capillary forces are discussed: (1) Surface roughness 
influences the humidity dependence of capillary attraction. This can lead to various shapes of the 
adhesion force-versus-humidity curve. (2) Capillary forces can be used in colloid probe 
experiments to measure certain properties of thin liquid films. (3) Capillary forces play a 
significant role in bioadhesion. Motivated by the adhesion of tree frogs capillary forces between 
very soft surfaces are analyzed. For soft spherical particles the usually proportional increase of 
the adhesive capillary force with particles radius, Fadh a R, changes to a R2 dependence. (4) 
Strong electric fields such as in STM or electric modes of AFM can cause capillary condensation 
and lead to a capillary attraction. Finally some technical advances in measuring adhesive forces 
are described.  
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Masters of packing: foams and emulsions under gravity 
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In order to form a liquid foam, bubbles need to pack tightly within a continuous liquid matrix. 
This process is typically driven by gravity. The packing dynamics and the eventually obtained 
bubble organisation in equilibrium are at the heart of many important scientific questions, 
bridging naturally packing and space-tiling problems within the same material. For example, at 
sufficiently high liquid content (bottom of the foam), bubbles pack (“jam”) like soft, frictionless 
spheres which aim to maximise their packing density. At very low liquid d content (top of the 
foam), on the contrary, bubbles deform into elegantly shaped polyhedra which aim to minimise 
the interfacial area created upon this deformation. We review here recent work on different 
aspects of the static and dynamic behaviour of liquid foams under gravity, taking into account in 
particular the influence of the bubble size distribution.  Most of the introduced concepts apply 
equally to emulsions, i.e. liquid in liquid dispersions. 

 

Fig. 1 Examples of polydisperse and monodisperse foams under gravity.  
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Lipid structure, lateral order, and inter-membrane forces  
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We show that entopic effects (that strengthen with temperature) can partially melt multilamellar 
phase of charged lipids, below a critical lipid concentration (of ca. 15wt%). This process is 
reversible and leads to the formation of a disordered lipid phase that coexists with a more 
condensed lamellar phase, despite the repulsive interactions between the charged membranes. 
This phenomenon occurs under a wide range of conditions and other types of charged self-
assembled structures.  

We then show that multivalent ions can adsorb onto dipolar lipid membranes, charge the 
membrane (and reproduce the behaviour of charged lipids), only if the lipid tails are saturated, 
where ion dipole interactions are stronger than tail entropy. Mixtures of saturated and 
unsaturated lipids phase separate. Using the above ion adsorption properties of dipolar lipids, and 
a hybrid lipid (containing a saturated and an unsaturated tail) that can sit at the interface between 
domains, we show how to measure and control the size of the domains. The domain size 
decreases with the concentration of the hybrid lipid, which acts as a 2D surfactant and reduces 
the line-tension between domains.  
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The Phase Separation Model of Micellization Generalized for 
Ionic Surfactants and Ionic–Nonionic Surfactant Mixtures 
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On the basis of a detailed physicochemical model, a complete system of equations is formulated 
that describes the equilibrium between micelles and monomers in solutions of ionic surfactants 
and their mixtures with nonionic surfactants [1]. The equations expressing mass balances and 
chemical equilibria are insufficient to close the system of equations. After trying several 
different closures, we found that excellent results are obtained if the Mitchell-Ninham closure is 
used. This equation states that the electrostatic and non-electrostatic contributions to the micelle 
surface pressure exactly counterbalance each other, so that the equilibrium micelle is in a 
tension-free state. Once the system of equations has been closed, it predicts almost all properties 
of the micellar solution, such as the concentrations of all monomeric species, the micelle 
composition, ionization degree, surface potential, mean area per headgroup and aggregation 
number. Some of the predictions are rather nontrivial. For example, the slope of the double log 
plot of CMC vs. the salt concentration is not equal to the degree of counterion binding, as often 
assumed. In addition, in the absence of added salt the conductivity is dominated by the 
contribution of the small ions, monomers and counterions, the contribution of the micelles as 
carriers of electric current being completely negligible (Fig. 1). The theory allows a 
generalization to mixed ionic-nonionic micelles using a linear model. Excellent agreement with 
the experiment is achieved by varying a minimal number of physical parameters. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Excellent agreement between the model and experiment on electrolytic conductivity. 
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Interfacial Electric Phenomena of Soft Particles 
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Interfacial electric phenomena of soft particles, i.e., hard particles covered with an ion-penetrable 
surface layer of polyelectrolytes are quite different from those of hard particles without surface 
structures (Fig. 1). In the present paper we discuss the electrophoretic mobility of soft particles 
with particular emphasis on the electrophoretic relaxation effects for highly charged soft 
particles and the effects of inhomogeneous distribution of polymer segments in the surface layer. 
We also discuss the electrostatic interaction between soft particles. We treat not only the 
interaction before contact of the surface layers of the interacting particles but also the interaction 
after their contact. 

 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 1 Hard and soft particles 
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Novel AnalysisMethods for the Nonlinear Dilatational Rheology of 
Complex Fluid-Fluid Interfaces 

Leonard M. C. Sagis 1,2*, Silvia E. H. J. van Kempen 1, Nam Phuong Humblet-Hua 1 
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When fluid-fluid interfaces are stabilized by proteins, (anisotropic) colloidal particles, or polymers, 
the microstructure of the interface is often highly complex. These surface active components may 
form 2D gels, 2D glass phases, 2D (liquid) crystalline phases, or 2D dispersions. The response of 
complex interfaces to dilatational deformations is often nonlinear even at small deformations, as a 
result of structural rearrangements induced by the applied deformation. The data analysis 
commonly used by profile analyzing tensiometers (PAT) for the determination of surface 
dilatational properties cannot adequately describe highly nonlinear responses of complex interfaces 
[1]. Here we discuss how Lissajouscurvesand a generalized form of the Laplace equationcan be 
used to obtain more meaningful measures for the dilatational properties of complex interfaces. As 
an example we present dilatational data, obtained with a PAT, for fluid-fluid interfaces stabilized by 
oligosaccharide-fatty acid esters, protein fibrils, and protein-polysaccharide complexes. At high 
deformation amplitudes the Lissajous curves of surface pressure versus deformation of these 
interfaces show remarkable asymmetries between the compression and extension part of the cycle. 
For example, air-water interfaces stabilized by oligosaccharide-fatty acid mono-esters display 
strain-thinning behavior in extension, and strain-hardening in compression. A possible explanation 
for this behavior is that during compression the interface is compressed to a 2D soft glassy state. 
Oil-water interfaces stabilized by semi-flexible protein fibrils display a highly elastic response upon 
compression, and a more viscous response upon extension. These interfaces may be undergoing an 
isotropic-to-nematic transition during compression. We analyze the Lissajous curves for these 
interfaces with a scheme recently introduced by Ewoldt et al. [2]. With this scheme we extract four 

dilatational moduli from the Lissajous curve: the moduli at minimum and maximum expansion,  

and , and the moduli at minimum and maximum compression,  and . We also obtain 

the nonlinearity parameters  and . When 
these parameters are determined as a function of deformation amplitude, frequency, and droplet 
size, a quantification of the response of complex interfaces to dilatational deformations can be 
obtained, that gives insight in the microstructure of the interface. Using a generalized form of the 
laplace equation [1], we show that the effective transient surface tension of a deformed complex 
interface may contain contributions from deviatoric surface stresses or bending stresses.  
Our results show that although a careful and extensive analysis of data is needed(based on Lissajous 
curves and a generalized form of the Laplace equation) it is feasible to explore the often exotic 
dilatational behavior of complex interfaces withPAT measurements. 
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Stimuli Responsive Polymeric Colloids and Advanced Materials 
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Stimuli responsiveness in polymer design is burgeoning and is providing basis for 
diversely new and advanced materials.1,2 These advanced materials include switchable porosity 
in membranes and coatings,3 switchable particle formation and thermodynamically stable 
nanoparticle dispersions,4 mechanicochemically-coupling polymers that provide directed 
mechanical stress in response to intensive fields,5,6 and switchable stabilization and compatibility 
of nanomaterials in changing environments, among others.7 The growth of ionic liquid 
applications and the concomitant incorporation of ionic liquids into polymeric materials have 
resulted in a plethora of new polymers based on the imidazolium group. Such polymers exhibit 
all of the above-articulated properties and can be distinguished as a class of cationic 
polyelectrolytes.1,2 

In water and other solvents the interaction strength of various anions with the 
imidazolium group follows a Hofmeister series that imparts highly solvophilic character to 
highly solvophobic character depending on the particular anion-imidazolium ion-pair. We show 
that the dynamic range of these interactions spans 104 in concentration, and is the basis for 
tuning various stimuli responsive interactions. The most fundamental effect is how these 
interactions affect polymer solubility. Switching solubility from high to low forms a basis for 
advanced dispersion phase transfer. It also provides approaches to switching between transparent 
gels and open cell porous materials. These effects are shown to be applicable to the formation of 
thin films by nanolatexes, and that subsequently can be transformed into porous membranes. 
Another exciting application area is the incorporation of such imidazolium groups into block 
copolymers. Block copolymers8 and nanolatexes3 have been demonstrated to be excellent 
stabilizers for nanocarbons and other materials in water. When used by adsorption from solution, 
these nanolatexes behave as osmotic spheres and the triblocks as osmotic brushes; both classes 
of polymer are shown to immunize against Debye-Hückel charge screening induced coagulation. 
Particularly interesting are demonstrations that di-stimuli responsive diblocks can reversibly 
form thermodynamically stable dispersions.  

The highly stable and concentrated nanocarbon dispersions in water are also shown to 
provide high performance new materials, including templated coatings with very high thermal 
conductivities (0.8 to 3 kW/m/K).9 Waterborne graphene dispersions are shown to form optical-
rheological fluids that become light reflecting in shear fields. These graphene dispersions are 
also used to demonstrate a new type of deposition/coating process based upon the stimuli 
responsiveness of the stabilizing copolymer. 
 

 
Fig. 1 Stimuli responsive pore gating 
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Monitoring the Interaction of Nucleolipoplexes with Model 
Membranes 
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A full exploitation of the potential of nanostructured devices as drug delivery systems is still 
hampered by a substantial lack of robust physico-chemical approaches to predict and model the 
fundamental interactions with biologically relevant media or interfaces, such as biological 
membranes.[1] We present an investigation on the interactions of complexes between 
nucleolipid liposomes and DNA (Nucleolipoplexes),[2-3] with Giant Unilamellar Vesicles 
(GUVs),[4] meant as structural mimics of cell membranes. For the first time, Laser Scanning 
Confocal Microscopy (LSCM) and Fluorescence Correlation Spectroscopy (FCS) are combined 
to fully characterize the internal morphology and mesostructure of the Nucleolipoplexes. Their 
interaction with GUVs is monitored with the same techniques, providing evidence of that the 
liquid crystalline of the complexes and the surface charge density target membrane model affect 
the delivery process. Finally, FCS was for the first time employed for the structural 
characterization of lipid membranes fusion intermediates.  
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Carbon Dioxide-mediated Generation of Hybrid Nanoparticles for 
Improved Bioavailability of Protein Kinase Inhibitors 

Martin Malmsten 

Department of Pharmacy, Uppsala University 

A versatile platform methodology is demonstrated for improving dissolution kinetics, 
gastrointestinal absorption,and bioavailability of protein kinase inhibitors (PKIs). The approach 
is based on dissolving the PKI in an organic solvent together with a matrix-forming polymer, 
followed by nanoparticle preciptation by sub- or supercritical CO2. Surfactants added after 
nanoparticle generation were found to be important for optimal PKI dissolution rate. Focusing on 
nilotinib, selected formulations were investigated by X-ray diffraction, modulated differential 
scanning calorimetry, vapor sorption measurements, and electron microscopy. The hybrid 
nanoparticles were demonstrated to consist of amorphous PKI embedded in a polymer matrix, 
displaying retained amorphicity also after 12 months of storage. Consequently, nilotinib release 
rate was dramatically increased in both simulated gastric fluid and simulated intestinal fluid. 
Similar results indicated flexibility of the approach regarding polymer identity, drug load, and 
choice of surfactant/copolymer.The translation of the increased dissolution rate found in vitro 
into improved GI absorption and bioavalilability in vivo was demonstrated for male beagle dogs 
following oral administration of gelatin capsules containing the hybrid nanoparticles, where a 
730% increase in the AUC0-24hr was observed compared to the benchmark formulation. Finally, 
the generality of the formulation approach taken was demonstrated for a range of PKIs. 
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Functional Nanogels with Specific Binding Domains 

Andrij Pich*a, Dominik Schmitza, Cheng Chenga 

 a-Functional and Interactive Polymers, RWTH Aachen University, 52065 Aachen, Germany 
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Aqueous polymer nanogels are considered as smart colloids mainly due to their interesting 
properties such as porous structure, softness and stimuli-sensitivity. In many cases the properties 
of nanogel colloids are determined by their functionality that includes internal structure 
(crosslink density, distribution of the monomer units), morphology (Janus-type, core-shell) and 
presence of functional groups (reactive groups, charges) in the particle interior or at the surface. 
The above-mentioned parameters can be adjusted by controlled synthesis of nanogels.  

This contribution will be dedicated to the chemical design of smart polymer nanogels with 
specific binding domains. Different reactive building blocks such as functional monomers, 
macromonomers, crosslinkers, reactive nanoparticles or proteins can be used to synthesize 
nanogels with define structure in aqueous phase. This approach allows synthesizing nanogels 
decorated with cyclodextrins (Figure 1), star-shaped crosslinkers or channel proteins providing 
specific functionalities for host-guest ineractions with target molecules. 

The post-polymerization modification reactions provide a toolbox for incorporation of small 
organic molecules, synthetic polymers, biopolymers or inorganic nanoparticles into colloidal 
nanogel network leading to the formation of multifunctional colloids. A simple route for the 
design of hydrophilic nanogels comprising inner hydrophobic nanodomains has been developed 
based on post-modification of nanogels by complexation of wedge-shaped amphiphilic 
molecules with complementary functional groups.  

The experimental results presented in this paper demonstrate that the chemical design of 
nanogel particles from molecular building blocks is the key for their functionalization and finally 
for successful application in different systems like delivery vehicles, scavengers and catalyst 
supports. 

 

Fig. 1. Cyclodextrin (CDex)-modified nanogels: variation of the hydrodynamic radius with 
CDex concentration in reaction mixture or amount of reactive groups in CDEx structure. 
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Soft Materials for Tunable Nanophotonics 
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Metal nanoparticles and tailored surfaces exhibit optical properties which differ remarkably from those 
from bulk materials. One of them is the localized surface plasmon resonance. This phenomenon 
becomes apparent when an external electromagnetic field incident on a metal element (nanoparticles, 
nanovoids, …) induces electron cloud delocalization. Net charge difference on surfaces acts as 
restoring force, producing in the simplest case dipolar oscillation. Optical response is originated from 
the strong localized metal absorption when the frequency of the electromagnetic field becomes 
resonant with the coherent electron motion. One of the most challenging problems concerning the 
photonics of nanoparticles and surfaces is the possibility of modulating the optical properties through 
external inputs. In this context, merging of metal and smart-soft-polymer technologies to make hybrid 
systems leads to very successful results. In this talk, a set of 3 hybrid systems are presented, pointing 
out their main properties and applications. 1) Gap controlled 2D metal particle arrays: a simple 
alternative to the classical ensembles based on the control of the electrostatic and interfacial forces is 
presented in this talk. We use tuneable mechanical spacers (smart polymers) located in between the 
particles, being the particle gap set by the swelling state. The use of Au@PNiPAM core-shell 
nanoparticles achieves high precision and continuous interparticle-gap tuning. 2) Tunable optical 
surfaces based on soft particles photonic nanovoids. 3) Tunable optical surfaces based on soft hybrid-
particles photonic nanovoids. 

 

 

 

 

 

 

 

 

 

Figure 1. Tunable Optical Response from Hybrid Nanovoids 
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