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Probability of formation of a three phase contact (TPC), between a colliding bubble and a solid 
substrate is determined by the stability of a thin asymmetric (wetting) liquid film formed 
between the bubble and the solid surface. Electrical properties of solid-liquid and liquid-gas 
interfaces determine the electric double layer interactions, and thus by controlling the surface 
charge of solid-liquid can be ‘switched’ between repulsive (when the bubble and solid interfaces 
bear charges of the same sign) and attractive (when the bubble and solid interfaces are oppositely 
charged). 
The paper presents the results of studies on electrostatic interactions and wettability for the three 
phase contact formation (TPC) at hydrophilic and surface modified, weakly hydrophobic α-
alumina single crystal (0001) surfaces. Al-OH groups determine the surface charge at the solid-
liquid interface and therefore by changes in solution pH one can control electrostatic 
interactions. The point of zero charge of the α-alumina single crystal surface is at pH~4.5. 
Above pH~4.5 the α-Al2O3 surface is negatively charged, while below this value α-Al2O3 
surface is positively charged. As the isoelectric point for air bubbles is at pH~3 [1], at any pH 
value below 4.5 the bubble and α-Al2O3 surfaces are oppositely charged, leading to electrostatic 
repulsion  On the other hand, at pH above 4.5, both interfaces are of the same charge and 
electrostatically attract each other.  
Using a high speed camera we studied the kinetics of the TPC formation at the α-Al2O3 surface 
as a function of solution composition (ionic strength and pH) as well as surface wettability. The 
results of these studies are critically analysed and discussed.  
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The entropic repulsion between two flat, electrical double-layers can be evaluated within the 
Debye-Hückel approximation for the case of weak double-layer overlap, leading to the familiar 
exponential decay of the repulsion due to Debye screening. It is generally assumed that for the 
case of strong double-layer overlap no simple formula’s exist for the plate-plate repulsion and 
that one has to resort to numerical solutions of the Poisson-Boltzmann equation. We show, 
however, that Langmuir’s disjoining pressure between two flat, charged plates can be calculated 
analytically in the zero-field limit for extensive double-layer overlap. The resulting repulsion has 
a long-range algebraic decay that stems from the thermodynamic equilibrium between 
homogeneously distributed inter-plate ions, and ions in the surrounding electrolyte reservoir. 
Together with the Van der Waals attraction the repulsion forms the zero-field pendant of the 
exponentially screened DLVO potential; a pendant that is always repulsive at large plate-plate 
distances. The experimental occurrence of algebraic repulsions can be simply predicted from 
surface charge density and ionic strength. 
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Pair distributions of fluids confined between two surfaces at close distance are of fundamental 
importance for a wide range of phenomena within colloid and interface science, including e.g. 
surface forces and diffusion in narrow pores. However, while the properties of bulk fluids are 
routinely studied microscopically by means of their pair distributions, confined fluids are very 
rarely analysed at such a level of sophistication. Here, we present recent work on the pair 
distributions of a hard-sphere fluid confined between two planar surfaces, by combining x-ray 
scattering experiments on colloid-filled nanofluidic channel arrays and statistical mechanics of 
inhomogeneous fluids. By probing confined fluids at the pair-distribution level one obtains 
important insights into the properties of fluids in narrow spaces, such as the mechanisms behind 
surface forces. Part of the results has already been published [1]. 
 

Literature: 

1. K. Nygård et al., 2012. Anisotropic pair correlations and structure factors of confined hard-
sphere fluids: an experimental and theoretical study. Phys. Rev. Lett. 108:037802. 
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Imaging ellipsometry is a versatile technique for the measurement and characterization of 
transparent films, liquid or non liquid. Through its imaging capabilities, both the thickness of a 
film and the surface expansion can be quantified. To characterize rapid changes in a speeding 
droplet, the ellipsometric contrast micrographs showing interference pattern can used to obtain a 
rapid series of measurements and can be transferred into thickness information. Oliver et al. 
(2008) characterized patterned trehalose glasses with ellipsometric contrast micrographs. In state 
of equilibrium, these measurments can than be combined with the more precise measurements 
obtained through the Delta- and Psi maps. Howland et al. (2007) used a similar concept to follow 
the Hydration-induced surface spreading of single phospholipid bilayer at the Si|SiO2 water 
interface. 
a)  b) 

 

    

 

    

    
   

Fig. 1. Ellipsometric contrast micrographs of an evaporating waterdroplet  - optical components 
in nulling conditions for the substrat (a) and thickness map of a silicon oil droplet, calculated out 
of delta maps at different wavelength in the VIS. 
Current developments in the field of imaging ellipsometry such as the ultra_objective (Accurion 
GmbH, Göttingen) enable overall focused images without the need of a focus scanner. The 
ultra_objective enables realtime overall focused ellipsometric contrast micrographs and faster 
recordings of Delta-, Psi- and thickness maps. In the case of water films, the Imaging-NIR-
ellipsometry has promise for distinguishing between isolated and hydrogen bonded hydroxyl 
groups. 
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Drainage and stability of thin liquid films play an important role in many industrial applications 
as well as in model processes, ranging from mineral processing and lubrication of 
micromechanical devices to oil drop coalescence and the stability of colloidal systems. 
Development of ‘Surface Force’ probing techniques, such as Thin Film Balance (TFB), 
Measurement and Analysis of Surface Interactions and Forces (MASIF), Surface Force 
Apparatus (SFA) or colloid probe Atomic Force Microscopy (AFM) allowed the studies of film 
drainage at nanoscale separation. Some of these techniques are restricted to model systems (e.g. 
atomically smooth mica surface in SFA) while others (e.g. AFM, TFB) offer wider variety of 
confining solid and soft surfaces to be studied. 
AFM is the ideal tool for measuring both film drainage and surface forces. What is missing in a 
conventional AFM experiment is the possibility to measure independently the separation 
between interacting surfaces. For interactions between two hard objects, such as colloidal 
particles and flat solid surfaces, their absolute separation - which typically ranges from a few 
micrometres down to a few nanometres - can be determined easily by calibrating against the 
point of hard-wall contact. However, for soft and deformable surfaces, such contact may never 
occur, which makes the extraction of the absolute separation impossible. The lack of this crucial 
parameter in AFM experiments is a major obstacle for quantifying the surface forces in systems 
involving bubbles and droplets. 
We have addressed the problem of the real nanoscale separation by incorporating an independent 
optical measurement of surface separation into the AFM instrument. This novel hybrid 
interferometry-AFM technique enables an independent measurement of forces and separation 
between interacting surfaces such as bubbles or droplets. The results will be shown and 
discussed. 
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The very strong propensity of coagulation by electrolytes containing multivalent counterions is 
one of the oldest tenets of the stability of hydrophobic colloids. The history goes back to Schulze 
and Hardy, who formulated this rule qualitatively around the previous turn of the century. 
Quantification came with DLVO theory. According to this theory for the case of high surface 
potentials and purely diffuse double layers, led to the famous z-6 law for the coagulation 
concentration.  Later investigations showed that under conditions of coagulation the potential ψd 
of the diffuse part of the double layer is mostly not so high, in fact, at given ψd the dependence is 
rather as z-2. However, as ψd decreases with z, the overall observed dependence on z is stronger 
than as z-2. The deviation from the z-2 dependence depends on the nature of the counterion. This 
trend automatically takes us to the issue of specific adsorption and creates a link to Hofmeister 
series, which continues to arouse interest. Acquiring reliable data remains desirable.  

The experimental part of this task is to estimate as well as possible the specific contribution to  
the adsorption Gibbs energy so that sufficiently reliable information becomes available for 
theoretical interpretations. This problem is not yet obsolete because various mechanisms can 
operate simultaneously and it is not always obvious to discriminate between them. Recently two 
mechanisms  for the deviations from pure diffuse theory are under discussion, viz. specific (non-
electrostatic) ion adsorption and  ion correlations. A prominent mechanism for specific 
adsorption, particularly for counterions of higher z, is hydrolysis which gives rise to strongly 
absorbable products. Both mechanisms can lead to (electrokinetic) charge-reversal, which is  a 
frequently observed  phenomenon. One way of  distinguishing  between these two explanations  
is  investigating the pH influence, considering that hydrolysis is pH-dependent, in 
contradistinction to ion correlations. Some experiments will be shown to illustrate this option.  

The conclusion is that so far no convincing direct influence of ion correlations on charge reversal 
has been established, but windows of experimental conditions can be established where these can 
be expected. It is worthwhile to continue these studies because under other conditions the action 
of ion correlations appears definitely established. 
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Globally, thousands of billions are spent annually on expenses attributable to friction and wear 
[1], and efforts to reduce and control their effects form a massive research area. In order to 
counter frictional processes, a lubricant in liquid form, is usually placed between the two sliding 
surfaces, with the idea of preventing the formation of a contact region where asperities can 
interlock. In recent years, ionic liquids (IL) have shown great potential as candidates for 
lubrication [2] because of their excellent stability in a wide range of temperatures, although, in 
order to be able to design an ionic liquid with better lubrication properties, atomic scale 
understanding of the frictional mechanisms is necessary. We focus our efforts on two IL systems, 
[C4MIM+][BF4-] and [C4MIM+][NTf2-] confined between two silica plates: their viscous 
properties were previously measured with the resonance shear measurement apparatus [3]. Using 
classical models to represent the ILs [4], we performed molecular dynamics (MD) simulations of 
the nanoconfined liquid between two hydroxilated silica surfaces, in order to investigate its 
molecular arrangement and the dynamical processes that lead to friction. We generally observe 
how molecules in the boundary layers interact strongly with the surfaces and the anions arrange 
themselves next to the hydroxyl groups: these molecules exhibit very long residence time and 
effectively behave like a solid. Under shear, the anions mostly follow the surface they are 
attached to, although occasional slip occurs: being larger and elongated, [NTf2-] sitting normal 
to the surface plane feels more drag from the interaction with the mobile molecules in adjacent 
layers, thus giving larger lateral forces than the smaller and spherical [BF4-]. 

Fig. 1 Snapshot of the confined configurations for [BF4-] and [NTf2-] liquids. 

Literature: 

1. R. W. Carpick, 2006. Controlling Friction. Science 313: 184. 
2. H. Wang, Q. Lu, C. Ye, W. Liu, Z. Cui, 2004. Friction and wear behaviors of ionic liquid of 

alkylimidazolium hexafluorophosphates as lubricants for steel/steel contact. Wear 256: 44. 
3. K. Ueno, M. Kasuya, M. Watanabe, M. Mizukami, K. Kurihara, 2010. Resonance shear 

measurement of nanoconfined ionic liquids. Phys. Chem. Chem. Phys. 12: 4006. 
4. X. Zhong, Z. Liu, D. Cao, 2011. Improved Classical United-Atom Force Field for 

Imidazolium-Based Ionic Liquids: Tetrafluoroborate, Hexafluorophosphate, Methylsulfate, 
Trifluoromethylsulfonate, Acetate, Trifluoroacetate, and Bis(trifluoromethylsulfonyl)amide. 
J. Phys. Chem. B 115: 10027 

 



27th ECIS Conference  1 - 6 September 2013, Sofia, Bulgaria 

 1 

Aggregation of colloidal particles in ionic liquids 

Tamás Szabó1,2, Anthony Désert2, Sabine Pita2, István Szilágyi2, Gregor Trefalt2, Michal 
Borkovec2,* 

1 – Department of Physical Chemistry and Materials Science, University of Szeged, Hungary 
2 – Department of Inorganic and Analytical Chemistry, University of Geneva, Switzerland 

* - michal.borkovec@unige.ch 

Ionic liquids (ILs) are gaining increasing importance as alternative solvents in organic synthesis, 
electrochemistry, photocatalysis, and material science. ILs are in the liquid state at ambient 
conditions, but otherwise they resemble molten salts. Some reports exist that these solvents may 
stabilize nanoparticle dispersions. This observation is most surprising, as it is at odds with the 
classical theory of Derjaguin, Landau, Verwey, and Overbeek (DLVO). This theory predicts that 
colloidal particles should aggregate rapidly at such extremely high ion concentrations due to 
extensive screening. 

To resolve this contradiction we have carried out extensive time-resolved static and dynamic 
light scattering experiments of different latex particles in various ILs and their mixtures with 
water. Here we illustrate our principal findings by comparing 1-butyl-3-methylimidazolium 
cations (BMIM) and tetrafluoroborate (BF4) or thiocyanate (SCN) anions. Fig. 1a shows the 
absolute aggregation rate coefficient versus the IL to water mass ratio while Fig. 1b the 
normalized rate coefficient to the corresponding diffusion controlled value predicted by 
Smoluchowski’s theory. 

 

Fig. 1 Absolute (left) and normalized (right) aggregation rates versus the IL to water mass ratio 
of sulphate latex particles of 530 nm in diameter in BMIM-BF4 and BMIM-SCN 

Based on these results, we are able to identify two principal stabilization mechanisms of 
colloidal particles in ILs. (i) Viscous stabilization occurs due to the typically large viscosity of 
ILs, even though the aggregation remains diffusion controlled. (ii) Solvation stabilization occurs 
due to repulsive solvation forces occurring between surfaces in ILs. Fig. 1 clearly illustrates that 
BMIM with the BF4

- anion leads only to viscous stabilization, since the normalized aggregation 
rate remains constant a low water content. When SCN- is the anion, viscous and solvation 
stabilization occurs simultaneously, since the normalized rate substantially decreases in the IL at 
low water content. The present contribution will discuss the importance of these stabilization 
mechanisms for different ILs and types of particles in more detail and make preliminary 
conclusions concerning molecular structure-property relationships. 
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Fine powders commonly have poor flowability and dispersibility due to interparticle adhesion 
that leads to formation of agglomerates. Knowing about adhesion in particle collectives is 
indispensable to gain a deeper fundamental understanding of particle behavior in powders. 
Especially in pharmaceutical industry a control of adhesion forces in powders is mandatory to 
improve the performance of inhalation products. Typically the size of inhalable particles is in the 
range of 1-5 µm [1]. Existing techniques for measurement of particle adhesion forces are 
experimentally demanding, time consuming and of limited applicability. This includes the two 
most widely used methods: the colloidal probe technique [2, 3] and the centrifuge method [4, 
5].Therefore we developed a completely new system that will allow routine measurements of 
adhesion in ensembles of single particles (particle collectives). The new method is based on 
particle detachment from a substrate caused by its inertia. The required acceleration in the order 
of 500 000 g is provided by a shock excitation system (Fig.1, left) based on the Hopkinson bar 
principle [6, 7] and measured via laser Doppler vibrometry. Particle detachment events are 
detected on-line by optical video microscopy (Fig.1, right). Subsequent automated data 
evaluation allows obtaining a statistical distribution of particle adhesion forces. Measurements 
were carried out with ensembles of single polystyrene and silica particles on a polystyrene 
coated steel surface under ambient conditions. We were able to investigate more than 150 
individual particles during one single experiment and obtained adhesion values of particles in a 
size range of 3-15 µm. We found our measured adhesion forces in good accordance with values 
from colloidal probe measurements and theoretical predictions. Thus our new system can be 
used to study a great variety of particle-surface-systems, even for standard analysis, including 
strongly cohesive powders like pharmaceutical drug powders.  

 

 
Fig. 1 Schematic of the Hopkinson bar method to measure adhesion forces of particles (left). 
Microscope images showing detachment of spherical silica particles (5 µm) with increasing 
acceleration of the substrate (right) 
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When a liquid is nano-confined, the combination of interfacial energetics and geometrical effects 
often confer to the system properties that are different from those observed in bulk fluids. In 
particular, understanding the structure of electrolytes nano-confined between two mica surfaces 
could yield valuable insights in a number of fields, ranging from biology to nuclear waste 
management, as well as clarify some fundamental issues regarding saline hydration of charged 
hydrophilic surfaces (e.g. clays). We have performed studies with an extended surface force 
apparatus (eSFA1,2) to measure surface forces, and, synchrotron X-ray reflectivity (XRR) to 
elucidate the structure of the nano-confined solution. Various electrolyte solutions with 
monovalent and divalent cations at different concentrations have been selected for this combined 
study.  
Our force measurements are in general agreement with previously reported results, yet the higher 
resolution of our eSFA reveals some new structural insights3. We discuss our data in terms of 
three different concentration regimes that are defined by shifts of the energetics of structures and 
interactions at the molecular scale. At moderate concentrations a short-range ordering of 
hydrated ions induced by confinement is resolved in films with thickness smaller than 3 nm. The 
ion hydration shell has a soft character, which gives rise to layering transitions of irregular sizes 
(e.g. 4±1 Å for KNO3). There is a tendency to smaller cluster sizes at higher concentrations. The 
water coordination number of ions at the interface, as inferred from layering transitions, is 5-10x 
smaller than in the surrounding bulk solution. 
Model dependent fits to the X-Ray reflectivity structure factor allowed us to determine the 
electron density profile along the confinement direction4. The modulation of the electron density 
profile confirmed an ordered layering of the liquid within the gap, with the layering being most 
pronounced for hydrated ions closest to the confining walls. A comparison between the 
structures of confined chlorides with different monovalent and divalent cations (Cs+, Rb+ and 
Ba2+) at different concentrations reveals ion specific features, which may be linked to size of the 
hydrated ions, coordination number and hydration energy. 
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Multivalent ions interacting with water-solid interfaces play a key role in a wide range of 
phenomena including condensation of nucleic acids, crystal growth, cement hardening and waste 
water treatment. In colloidal dispersions, aggregation rates can be measured in light scattering 
(LS) experiments, while the colloidal probe technique based on the atomic force microscope 
(AFM) is suitable to investigate interaction force profiles directly [1]. In the present work, we 
combine these techniques to study aggregation processes in the same aqueous dispersions 
contained charged colloidal particles and oppositely charged multivalent ions. 

Positive amidine modified polystyrene latex particles 
were investigated first in the presence of anions of 
different valences including monovalent chloride, 
divalent sulfate, trivalent ferricyanide and fourvalent 
ferrocyanide. Surface potentials obtained from 
electrophoretic and AFM measurements were in good 
agreement and showed that anions of lower valences 
decrease the surface charges by screening while 
adsorption of ferri and ferrocyanide anions leads to 
charge neutralization and subsequent charge inversion. 
Comparison of aggregation (by LS) and direct force 
measurements (by AFM) revealed that the classical 
DLVO theory describes well colloid stability of the 
particles in the presence of chloride and sulfate ions. 
For the ferri and ferrocyanide ions, additional non-
DLVO attractive forces were observed. These attractive 
forces can be attributed to surface charge 
heterogeneities induced by the adsorption of the anions, 
which leads to higher stability calculated from AFM 
measurements than the ones measured by LS. However, 

ion-ion correlations are equally important as they induce the charge inversion in the presence of 
trivalent or tetravalent ions. The critical coagulation concentrations (CCC) which separate slow 
and fast aggregation regimes were in good agreement with the classical Schulze-Hardy rule (Fig. 
1). Similar results were observed in oppositely charged systems contained negative carboxylate 
latex particles and cations such as potassium(I), calcium(II), lanthanum(III) and zirconium(IV), 
therefore, the above trend seems to be generic. 

Literature: 
1. Prashant Sinha, Istvan Szilagyi, F. Javier Montes Ruiz-Cabello, Plinio Maroni, Michal 

Borkovec. 2013. Attractive Forces between Charged Colloidal Particles Induced by 
Multivalent Ions Revealed by Confronting Aggregation and Direct Force Measurements. 
Journal of Phyisical Chemistry Letters 4: 648-652. 

Fig. 1. Location of CCC values 
obtained from LS (symbols) and AFM 
(lines) measurements. The thick line 
indicates the Schulze-Hardy rule. 
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We model the dynamics of a liquid film flowing along an inclined planar substrate. The liquid 
contains a surfactant, soluble in the bulk, which adsorbs at the interface and locally decreases 
surface tension. Interfacial gradients in surface tension produce tangential stresses (Marangoni 
stresses), which attribute to the interface elastic properties. The present paper aims at expanding 
earlier studies in the literature to include solubility effects, in particular by taking into account 
the adsorption and desorption kinetics. To this end, we assume that the surfactant monomers  are 
present in the bulk or can be adsorbed at the liquid-air and liquid-solid interfaces. The evolution 
of surfactant concentrations is modeled by advection-diffusion equations and the flow is 
modeled by the continuity and the Navier-Stokes equations of motion with appropriate boundary 
conditions. The model is linearized around a base solution corresponding to an undisturbed film 
with uniform surfactant concentration (Nusselt flow). The resulting Orr-Sommerfeld stability 
problem is solved numerically for arbitrary disturbances by a finite-element method. An analytic 
solution is obtained in the limit of disturbances of infinite wavelength. The effect of various 
parameters is investigated, and a maximum is predicted in the critical Reynolds number as 
function of amount of surfactant. The location and intensity of this maximum depends on 
surfactant solubility. Short-wave disturbances are found to stabilize very strongly with the 
addition of a soluble surfactant. 

 
Fig. 1 Schematic of a falling film in the presence of soluble surfactants 
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The dynamics of dispersed colloidal particles close to a flat wall is strongly affected by 
hydrodynamic interaction with the wall. Although theoretically predicted in the early 20th 
century, experimental verification of this effect for Brownian particles became possible only in 
the late 80s. Since then a variety of experimental investigations on near wall Brownian dynamics 
by evanescent wave dynamic light scattering (EWDLS) has been published.  
In this contribution we will present EWDLS experiments and theoretical developments for a 
variety of situations.  
We will discuss the translational dynamics of hard sphere colloids at low and intermediate 
volume fraction [1-3]. On increasing the particle concentration the influence of the wall drag 
effect is found to diminish gradually, until it becomes negligible at volume fractions above f> 
0.35. [4] 
The wall effect on orientational dynamics was investigated on optically anisotropic spherical 
PTFE colloids. Although, the effect is less pronounced than for translational diffusion, we 
showed, for the first time that rotation around the axis normal to the interface is faster than 
around the axes parallel to the was as was theoretically predicted.  
Further, we used EWDLS under flow to measure near wall shear rates, and slip lengths with an 
unsurpassed resolution without relying on a model for the flow profile. 
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The difference in wettability of flat and highly curved surfaces, having the same chemical nature 
is discussed on the basis of surface forces analysis and capillary phenomena in thin wetting 
films. The equations were derived for the calculations of the contact angle on concave and 
convex cylindrical and spherical surfaces based on the isotherms of the disjoining pressure. The 
results of calculations of contact angles on the curved surfaces for the systems, characterized by 
different isotherms of disjoining pressure with long-ranged van der Waals, electrostatic and 
hydrophobic forces, indicated that the stronger the surface forces and the higher the correlation 
lengths of the hydrophobic interaction, the more essential influence of curvature is predicted by 
the derived equation. Thus, when the radius of substrate curvature becomes comparable to the 
range of action of surface forces, an increase in the curvature for convex surfaces results in the 
increase in the contact angle. Therefore nanoparticles will demonstrate more enhanced 
hydrophobicity (oleophobicity) in comparison to nanofibers, and to flat surfaces, having the 
same chemical composition. In contrast, for concave surfaces the wetting improves with the 
curvature rise. Such behavior may lead to the wettability transition from hydrophilic (oleophilic) 
state of flat surface to hydrophobic (oleophobic) state of convex surface. And inversely, the 
chemical composition of surface layer, corresponding to hydrophobic state of flat surface, may 
be characterized by the contact angle less than 90° on the internal surfaces of cylindrical pore or 
spherical cavity at the appropriate curvatures. 
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The interest to the contact angle hysteresis in the last decades has provoked different experimental 
methods for its studying. Our approach is an attempt to measure the contact angle hysteresis of liqud in 
capillary tube. By inclination of a tube partly filled with liquid, a gravitation force, F=Gsinα (G – liquid 
weight) arises (Fig 1a). In the case of static hystersis, F is balanced by the three phase contacts reaction. 
The main difficulty of all capillary-gravitational methods is related with the mathematical description of 
the liquid-gas surface form. Great advantage of the proposed method is the substantial simplification of 
the mathematical problems. Due to the small tube diameter (~0.1mm), the menisci form can be 
approximated as parts of spheres and the only parameters responding to the force F, remain the contact 
angles θA,θR (Fig 1a). The direct force balance shows proportionality between F, and RA θθ coscos − .  
Key problem from the experimental viewpoint of the proposed method is the dioptric effect. Due to the 
meniscus spherical forms the optic problems can be partly eliminated by measuring the curvature of the 
meniscus cap, where the dioptric effects are weakest (Fig 1b). As follows from the geometry, the 
meniscus curvature H (i.e. the inverse sphere radius R) is proportional to the corresponding cosθ 
and the above proportionality is replaced by F ~ RA HH − .   

a)           b)  

Fig. 1 a) Sketch of an inclined capillary tube partly filled with liquid. b) Scheme of meniscus 
profile; operative for the curvature determination is only the profile part at the meniscus cap (the 
solid curve). 

Experiments with the constructed setup have been carried out with pure water and ionic liquids.  
The complete system is easy to implement using standard servo motors microscope and imaging 
software. Higher precision is obtained by measuring angle towards gravity with an 
accelerometer. 
The obtained experimental results are interpreted form optical and mechanical viewpoints.  
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Nanoparticle, moving in a liquid close to a solid interface, experiences an influence by this 
interface. Anisotropic behaviour of the translational diffusion parallel and perpendicular to the 
interface have been studied in the past and theories and models exist. 
The rotational diffusion of such particles has not been studied to great extend due to limitations 
in the signal for studies in the close proximity of the interface. 
With our recently developed light scattering techniques REDLS (resonance enhanced dynamic 
light scattering) [1] and WEDLS (waveguide enhanced dynamic light scattering) [2] we are able 
to overcome the above limitations.  
We have studied the motions of gold nanorods of various sizes in water, with different stabilizers 
and in different salt concentrations. The results were crosschecked with standard dynamic light 
scattering [3] to differ between changes introduces by the interface and by varying salt 
concentration and stabilizer. 
We found a slowing down of translational and rotational diffusion far beyond what is predicted 
by theory. This slowing down depends on the stabilizer used and on the salt concentration. 
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Interfacial water plays important roles in physical, chemical, biological, and technological 
processes, e.g., self-assembly of biomolecules such as lipids and proteins in living systems, 
lubrication, and electrochemistry (electrolyte-electrode interfaces).   The molecular level pictures 
of interfacial water, within several nanometers from the surface, have been gradually established 
for interfaces such as water/ mica, water/air, and water/hydrophobic surfaces, although there has 
been controversy among them.  For example, the distance range where the surface has an effect 
on the structure and properties of water has a large variation from monolayer to more than 
micrometer for various surfaces such as silica, polymers, and gels.  Therefore, the important and 
interesting question remaining is the effect of chemical and physical conditions especially on the 
range of interfacial water.  For such a purpose, surface forces measurement is the most powerful 
method because it can continuously study the structure and properties of a liquid between 
surfaces as a function of the surface separation.  
Interfacial water, formed by adsorption or phase separation (prewetting transition), on a silica 
surface in water−cyclohexane binary liquids was investigated using a combination of colloidal 
probe atomic force microscopy (AFM) and sum frequency generation (SFG) vibrational 
spectroscopy. At 33 ± 9 ppm water, the long-range attraction extending to 19.4 ± 2.9 nm 
appeared, which was caused by the contact of water layers formed on silica surfaces. The 
attraction range increased with increasing water concentration and reached 97 ±17 nm at the 
saturation concentration of water in cyclohexane (C*), indicating that the thickness of the water 
layer formed on silica was ca. 50 nm. The interfacial energy between the water adsorption layer 
and bulk solution (γ = 79.3 ± 2.0 mN/m) was estimated from the pull-off force, and was 
significantly larger than the value for the bulk water/cyclohexane interface (γ = 50.1 mN/m). 
SFG spectroscopy demonstrated that the interfacial water formed an icelike structure at C*. On 
the other hand, the water adsorption layer induced by phase separation at water concentrations 
above C* was found to be less ordered and its structure at the adsorption layer/bulk interface was 
almost the same as that of bulk water, although its thickness was almost the same as that formed 
at C*. To our knowledge, this is the first report of the observation of liquid adsorption layers 
formed by chemical interaction up to saturation and by the wetting transition above saturation, 
and their differences in the structure and properties at the molecular level.  
Water between silica surfaces was studied using the surface forces and resonance shear 
measurements.   Lubrication properties of water are discussed in terms of the silanol density of 
the surfaces and water structure demonstrated by SFG spectroscopy. 
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Surface forces are responsible for overlapping surface layers and resulting disjoining pressure in 
thin liquid films. They have a bright appearance in thermodynamics and kinetics of the 
deliquescent transition in nucleation of a solvent vapor on soluble nanoparticles [1-3]. If a 
soluble particle is placed into solvent vapor, the vapor condenses with formation of an 
enveloping liquid film which reaches a chemical equilibrium with partly dissolved particle. 
There is a limiting value of the vapor relative humidity above which the particle completely 
dissolve in droplets. The dissolution is called the deliquescence transition, and the corresponding 
value of the vapor relative humidity is called the deliquescence humidity. The deliquescence 
humidity and the rate of the deliquescence transition depend on the initial size of the soluble 
particle, the solubility of the particle in the solvent and the mass transport at vapor-droplet and 
residue-liquid interfaces. But, depending on the solvent vapor concentration, the deliquescent 
transition can be barrierless or require overcoming the activation barrier. This is very important 
feature of the deliquescence transition and it is principally associated with the disjoining pressure 
isotherm in the liquid film around the particle residue in the forming droplet. To understand the 
thermodynamics and kinetics of heterogeneous nucleation with deliquescence of soluble nuclei 
one needs to study the complex behavior of the minima and saddle points of the work of droplet 
formation and the relevant activation barrier for deliquescence transition as a function of the 
chemical potential of vapor, the initial size and the solubility of condensation nucleus. This study 
has been undertaken previously partly only, and we summarize and extend it in this report, 
including the case of non-ideal solutions. Here we have proposed a thermodynamic theory for finding 
the deliquescence humidity and corresponding activation barrier for deliquescence transition below the 
deliquescence humidity and shown that there would no minimum in the work of droplet formation 
without the disjoining pressure of the liquid film. The theory predicts a crossover in stable and 
unstable variables of droplet state upon variations in vapor humidity. An advanced approach has been 
proposed for two-dimensional kinetic equations describing establishing equilibrium and quasi-steady 
distributions of binary droplets forming around soluble particles. This approach allows one to separate the 
variables and to solve such equations analytically. The specific times for deliquescence transition have 
been found. 
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Supercritical CO2 is an interesting solvent of the future because it is non-flammable, chemically 
inert and non-toxic. It exhibits liquid-like density, gas-like diffusivity and its surface tension is 
very small. It is already found in a range of applications such as environmentally friendly solvent 
in polymer syntheses, in materials processing, for extractions, tissue engineering, or 
microelectronic processing. 
We present the first direct measurement of surface forces across supercritical carbon dioxide. An 
important finding is that long-range attractive surface forces are detected not just near the critical 
point, but along the supercritical extension of the coexistence line, which is commonly discussed 
as the supercritical ridge. 
Using a precisely adjustable model slit pore, our experiment can measure the change of 
thermodynamic potential together with changes in refractive index (mass density) in the confined 
CO2. The model slit pore is realized between two atomically smooth mica surfaces in a specially 
designed high-pressure surface forces apparatus. Our data suggest that thermal fluctuations of 
higher density are selectively depleted, which results in observation of a time- and space- 
averaged density reduction in the confined film. Direct observation of this confinement effect 
has consequences for theoretical understanding as well as technological applications of CO2 in 
porous materials. 
In the presence of small amounts of an acrylate solute (polyethyleneglycol-dimethacrylate), we 
found that multiple stable menisci of solute can be created between the surfaces and stretched out 
several micrometers. These liquid bridges are observed as an apparent birefringence effect and 
are interrelated with the (super)critical Casimir effect. They might be used in the future to 
generate fibrillary nanostructures across micro pores or between colloids. 
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The properties of thin liquid films under dynamic and static conditions are the factors of crucial 
importance for formation and stability of various dispersed systems. Bubble motion, collisions 
and coalescence at liquid/gas are important processes in many industrial applications, i.e. foam 
formation, froth flotation, aeration of water tanks, waste water treatment etc. Presence of surface 
active substances (SAS) and their adsorption at interfaces affects significantly motion of the 
rising bubbles and stability of the thin liquid films. In pure liquids, the velocity of the rising 
bubbles depends on the viscosity and density of the continuous phase and the bubble diameter, 
while in solutions of SAS the bubble rising velocity is lowered as a result of formation of the 
motion induced dynamic architecture of adsorption layer (DAL) over the bubble surface, which 
retards fluidity of the interface. Simultaneously, the bubble coalescence time on liquid/gas 
interface in SAS solutions of different concentration is changed not only due to lowering of the 
bubble impact velocity, but also as a result of (i) retardation of the film thinning velocity, and (ii) 
increased stability of the films formed against external distortions. 
The paper presents results for influence of n-octanol on impact velocity, bouncing time, 
bouncing amplitude and the coalescence time of single bubbles colliding with the free solution 
surface. Properties (stability, rupture time and thickness) of the films formed by the colliding 
bubble, that is, under dynamic conditions are evaluated, compared and analysed in relation to 
properties of the equilibrium microscopic foam films studied under static conditions. Phenomena 
occurring during the bubble collisions with liquid/air interface, that is, the bouncing time and 
amplitude, as well as the coalescence time, were studied using a high-speed camera for two 
different locations (L=3 and L=250 mm) of the interface in respect to the point of the bubble 
formation (capillary orifice). The bubble coalescence time (tc) and its two components, that is, 
the bubble bouncing time (tbouncing) and lifetime (tfilm) of the “motionless” bubble (after bouncing 
period) were measured. Additionally, stability and thickness of the microscopic foam films 
formed from n-octanol solutions of various concentrations were determined using 
microinterferometric method (Scheludko Exerowa cell). It was found that for low n-octanol 
concentration the bubble coalescence time (tc), was slightly shortened (from 73 to 58 ms, for 
water and 4·10-6 M n-octanol concentration, respectively) due to diminishing of the bouncing 
amplitude. Further concentration increase, above a “threshold” value (5·10-6 M) prolonged 
significantly time of the bubble coalescence, to ca. 1200 ms, due to increased stability of the 
liquid film formed between “motionless” bubble and liquid/air interface. The tfilm values were 
used for evaluation rupturing thicknesses of the liquid films formed under dynamic conditions. It 
was found that at low of n-octanol concentrations the thicknesses of the rupturing films were of 
an order of a few μm, that is, much larger than for the films formed under static conditions. 
However, at high n-octanol concentrations the values of rupture thickness were similar order for 
dynamic and static conditions. 
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We present a detailed experimental studies [1, 2] of a rising, mm-size bubble in milli-Q water 
colliding with a glass plate after reaching terminal velocity. The bubble trajectory was tracked by 
highspeed (54,000 fps) video. We also recorded synchronized videos of the interference fringes 
that form when the bubble collides with the glass surface and deforms. Quantitative information 
about the rate of deformation and drainage of the μm-thick water film trapped between the mm-
sized bubble and the surface can be extracted from the space and time evolution of interference 
pattern. Using measured bubble trajectory data, the dynamics of the thin water film trapped 
between the glass and the bubble surface can be modelled quantitatively with lubrication theory 
to deduce the nature of the hydrodynamic boundary condition at the air-water interface. 
 

 
      
 
 
 
 
 
 
 
Fig. 1 (a) The experimental setup that measures the velocity, V(t) of the centre of mass of a 
rising bubble (radius Ro) and the interference pattern of the trapped water film as it collides and 
bounces against a glass plate after reaching terminal velocity, VT. The Reynolds, Re and Weber, 
We numbers are indicated. (b) The time evolution central film thickness, ho(t) and the thickness 
at the minimum at the rim, hm(t) and (Inset) the dimple that formed during the first collision. 

Literature: 

1. M. H. W. Hendrix, R. Manica, E. Klaseboer, D. Y. C. Chan, C.-D. Ohl (2012) Phys Rev 
Letts 108: 247803. 

2. R. Manica, M. H. W. Hendrix, R. Gupta, E. Klaseboer, D. Y. C. Chan, C.-D. Ohl, D. Y. C. 
Chan (2013) To be published. 
 

Acknowledgements:  

Supported by a Discovery Project Grant from the Australian Research Council. 



27th ECIS Conference  1 - 6 September 2013, Sofia, Bulgaria 

 1 

Experimental and Numerical Study of Capillary Transport between 
Parallel Perforated Plates in Microgravity 

Diana Gaulke 1*, Michael E. Dreyer1 

1 – ZARM - Center of Applied Space Technology and Microgravity University of Bremen, Am 
Fallturm, 28359 Bremen 

* - diana.gaulke@zarm.uni-bremen.de 

Capillary transport of liquid is subjected to a wide range of studies. Many analyses are available 
for smooth or tough surfaces or the influence of structures on surfaces, but almost no literature 
exists about perforated surfaces. The capillary transport of liquid in such structures plays a major 
role in microgravity applications such as propellant management in satellites or upper stages of 
rockets. Here, the conflict between small capillary radii and minimal amount of structure has to 
be solved. The use of porous materials or perforations is a common compromise for these 
applications.  This study aims to analyse the influence of perforations on the capillary transport 
capability of parallel plates under microgravity conditions.   
A series of microgravity experiments was performed in the Drop Tower Bremen. Results have 
been used to validate numerical models implemented in the commercial software package 
Flow3D. A wide range of geometrical settings was investigated numerically. Figure 1 shows the 
experimental model and some of the resulting data. 

 
Fig. 1: Image of experimental model, the experimental and the numerical liquid distribution at 
time t = 4.25 s and an example of the measured data of this geometry (Line A: initial fill level, 
Line B: begin of parallel plates, Line C: liquid height at t) 
This presentation provides the introduction to the capillary transport phenomena between parallel 
perforated plates under microgravity. Some of the experimental and numerical results are 
presented to explain the influence of selected geometrical perforation parameters.  
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The objective with this work is to compare the adhesive behavior for latex polymers of different 
Glass transition Temperatures (Tg) at different length scales and with different contact times. 
This is accomplished by two techniques: AFM colloidal probe force measurements and JKR-
measurements. The aim is to compare the results from these two techniques and relate them to 
the interaction of the latex polymers towards oxidized silicon wafers and silica/cellulose probes. 
Theory suggests that altering the short timeframes used in the colloidal probe technique does not 
affect the ranking of the adhesion for the different polymers, but for the macroscopic JKR-
technique it influences the measured work of adhesion. It is therefore important to let the system 
reach a steady state before assuming complete spreading and adhesion. AFM and JKR 
measurements showed the same trends where the polymer with lowest content of styrene has the 
lowest Tg and the highest adhesion, due to the larger polymer chain mobility. 
 

 

 

Fig. 1 Adhesion measurements with AFM colloidal probe have been compared with macroscopic 
JKR-measurements 
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Stability of water-in-oil emulsions depend to a great extent on properties of thin oil films that 
separate water droplets. It is now generally recognized that the thinning of these films and their 
resistance to rupture play a crucial role in determining the stability of emulsions. However, 
studies on water-in-oil emulsion films are few and information on the film stability is limited.  
A modified microinterferometric pressure balance technique (Sheludko-Exerowa porous plate 
cell) for single film studies is developed in order to apply DC electric potentials across the water-
in-oil emulsion films.  It allows for the first time simultaneous application of electric polarization 
and the use of microinterferometry. The major advantage of the technique is that a single 
experiment allows the independent determination of many electrical and optical film parameters 
such as: film thickness, film diameter, rate of film drainage, critical electric field strength of film 
rupture as well as disjoining pressure isotherms measurements. First experimental results were 
obtained for films stabilized by natural crude oil indigenous surfactants (asphaltenes, bitumen) 
and synthetic ones (Abil, Lecithin) in different solvents (heptane, toluene). DC potentials can be 
applied in two modes: as voltage ramps with given speed (mV/s) and as a constant potential.  
DC voltage ramps experiments allow precise measurements of the values of critical voltage of 
film rupture at different concentrations, film areas, film thicknesses and capillary pressures. 
Constant voltage application provides determination of the dependence of film lifetime at 
different potentials. It has been found that application of voltage ramps over equilibrium films 
leads to appearance of voltage threshold value where thickness starts to decrease and eventually 
film ruptures. This fact demonstrates the compressive action of DC potential.  
The thickness of film rupture decreases with increase of applied pressures. Data for film electric 
field strengths suggest that the thinner films are more stable. The pressure vs. thickness 
isotherms are measured at different DC potentials. The isotherms appear to be shifted towards 
lower thicknesses with increase of voltages that were applied and thus the surface forces are to 
be affected.  
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Formation of stable water-in-oil emulsions is detrimental in the petroleum industry; however, the 
stabilization mechanisms are not fully understood. Interfacial shear rheology at water/oil 
interface and drainage kinetics of water-in-oil thin films were studied. Diluted Athabasca 
bitumen at different solvent-to-bitumen (S/B) ratios and solvent aromaticity was used as the oil 
phase. Thin film properties change abruptly at a critical S/B ratio, which coincides with the onset 
of asphaltene precipitation. Above the critical S/B ratio films become thick and inhomogeneous, 
and drain slowly. At the critical dilution, water/oil interface undergoes a transition from purely 
viscous (below the critical S/B ratio) to viscoelastic (above the critical S/B ratio). Above the 
critical S/B ratio, the elastic component develops in few hours and eventually dominates 
interfacial rheology. A yield stress in the range of 10-3-10-4N/m was measured. We attribute this 
sharp transition in the film/interfacial rheological properties to solubility-driven aggregation of 
asphaltenes and buildup of 3D network structures with a characteristic length well beyond the 
reported sizes for single asphaltene molecules, nanoaggregates or clusters of nanoaggregates. 
Formation of such structures results in non-Newtonian Bingham plastic properties of the film 
liquid. The associated yield stress prevents the film drainage before it reaches the critical 
thickness, where film rupture can occur (a coalescence event). 
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Miscibility between partially fluorinated amphiphiles and dipalmitoylphosphatidylcholine 
(DPPC), which is a major component in lung surfactants, has been investigated in the monolayer 
state [1-3]. In the present study, the surface pressure ()−molecular area (A) and surface potential 
(V)−A isotherms were measured for two-component monolayers made of DPPC and partially 
fluorinated alcohols of (perfluorohexyl)nonanol (F6H9OH) and (perfluorohexyl)undecanol 
(F6H11OH) on a substrate solution of 0.15 M NaCl at 298.2 K. The Wilhelmy method and the 
ionizing 241Am electrode method were used. The resultant data for these systems were analyzed 
using the additivity rule. The excess Gibbs free energy of mixing for the present systems were 
calculated from the −A isotherms. Assuming a regular surface mixture, the Joos equation, 
which allows description of the collapse pressure of a monolayer made of two miscible 
components, was used to establish the miscibility within the monolayer. An interaction 
parameter and an interaction energy were calculated. The phase diagrams of the two systems 
were classified into the positive azeotropic type. These results and thermodynamic analyses 
suggest that DPPC is miscible with F6H9OH and F6H11OH in the monolayer state. 
Furthermore, morphological observations with Brewster angle microscopy (BAM), fluorescence 
microscopy (FM), and atomic force microscopy (AFM) were carried out to support the binary 
miscibility. These results indicate that F6H9OH fluidizes DPPC monolayers, whereas F6H11OH 
solidifies them. This study provides a fundamental insight into the molecular function of 
biomembrane components and support for biomedical use of fluorinated materials. 
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The present paper endeavors to synthesize four types of nonionic surfactants as demulsifiers 
based on oleic acid monoamide to treat gas condensate-in-water emulsion. The chemical 
structure of the prepared ethoxylated demulsifier was confirmed using FT-IR and 1HNMR 
spectroscopes. The treatment of gas condensate -in-water emulsion was investigated by means of 
dissolved-air flotation jar-tests. The effect of several parameters on the flotation efficiency for 
separation of the emulsified oil was examined such as; the effect of pH value, the demulsifier 
concentrations, feed rate (L/min) and saturator working pressure (psi). Also, the surface and 
interfacial tensions, and thermodynamic properties of the prepared surfactants have been studied. 
Results show that the optimum oil removal (99.9%) was obtained by OD3 at concentration 
150ppm, pH =2, feed rate=0.1 L/min and saturation pressure 10 psi. 
Keywords: Dissolved air flotation; Demulsifier; Industrial wastewater; Flotation. 

 

 
Figure 1: Effect of OD3 on condensate oil-water emulsion at 25 oC. 

Literature: 
1. H. Al-Zoubi, S. Al-Thyabat, L. Al-Khatib,  A hybrid flotation–membrane process for wastewater treatment: an 

overview,  Desalination and Water Treatment,  7 (2009) 60–70. 
2. DA Rosa and Rubio J (2005) The FF (flocculation-flotation process).Miner. Eng. 18 (7) 701-707 
3. A.A. Al-Shamrania, A. Jamesa,, H. Xiao, (2002) Destabilisation of oil–water emulsions and separation by 

dissolved air flotation, Water Research 36, 1503–1512. 
4. Gregory R, Zabel T. In: Pontius FW, Water quality and treatment, 4th ed. New York: McGraw-Hill, p. 367–

453, 1990. 
5. Offringa G. (1995) Dissolved air flotation in Southern Africa. Water Sci Technol;31(3-4):159–72. 
6. Boyd JL, Shell GL, Dahlstrom DA. Treatment of oily wastewater to meet regulatory standards. AIChE 

Conference, Toledo, OH, 1971. 
7. Takahashi T, Miyahara T, Nishizaki Y. (1979) Separation of oily water by bubble column. J Chem Eng 

Jpn;12(5):394–9. 

Before treatment  After treatment  



27th ECIS Conference  1 - 6 September 2013, Sofia, Bulgaria 

 1 

Is CMC of surfactant mixtures an ill-defined parameter? 
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Micelles were first proposed by McBain in 1913 while studying the electrical properties of 
sodium palmitate solutions. The surfactant concentration above which micelles form, termed 
critical micelle concentration (CMC), is an important parameter in surfactant chemistry, as 
abrupt changes in the solution and performance properties of surfactants and their mixtures occur 
at CMC.  
To adequately evaluate the solution and performance properties of mixed surfactant solutions, 
the CMCs of the mixtures and component surfactants must be correctly determined. Generally, 
the CMCs of single surfactants are well-defined and their values do not depend on the technique 
used; while those of the binary mixtures obtained from different techniques are different. 
We have studied several binary mixtures consisting of SDS (an anionic surfactant) and DTAB (a 
cationic surfactant) with non-ionic surfactants. We will compare their CMCs and those of the 
individual components obtained from surface tension (CMCγ) and conductivity measurements 
(CMCκ). We find that in some mixtures, CMCκ is up to twenty times higher than CMCγ for the 
same mixtures at the same bulk solution compositions. SANS measurements performed in the 
concentration range bounded by the CMCγ and CMCκ  show that the micelle size does not 
remain constant after micellization as predicted by the current thermodynamic models. Rather, it 
varies with the surfactant concentration for the different compositions we have studied. We thus 
propose that the CMC of surfactant mixtures is not a well-defined thermodynamic parameter as 
previously thought. 
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A novel method for investigation of electrical properties of thin wetting films was developed. 
The original method allows to indirectly determine the bulk and surface conductivity of  wetting 
films in the range of thicknesses 10 -100 nm by measuring the electrical resistance of an annular 
wetting film being in contact with the meniscus of bulk liquid. The scheme of experimental cell 
is shown in fig.1.  

 
Fig.1. Experimental cell 

For the determination of electrical properties of a wetting film,  the experimental cell was 
affiliated to the electrical scheme by means of two electrodes, placed in hoses between 
corresponding working chambers and working vessels.  
The obtained values of surface conductivity of NaCl solutions in the concentration range 10-3 
~10-4 M on quartz surface is between  8x10-10  Cm and 1.3x10-9 Cm that is lower than the 
previously published data. 

 
 

Fig.2. Experimental data of surface conductivity of NaCl solutions on quartz surface. 
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We report use of hydrodynamic cavitation as a novel method for continuous creation of foams 
comprising of micrometer sized air bubbles in aqueous systems containing surface active 
materials. The hydrodynamic cavitation was created using a converging-diverging nozzle. The 
air bubble size obtained using this technique was found to be significantly smaller than the one 
achieved using conventional shearing routes. In addition, the technique provided the possibility 
of forming non-spherical bubbles due to the high elongational stresses experienced by the 
bubbles as they flow through the nozzle throat. We show that surface active agents with a high 
surface elasticity modulus can be used to stabilize the nascent air bubbles and keep their 
elongated shapes for prolonged periods of time. The combination of the cavitation process with 
appropriate surface active agents offers an opportunity for creating bubbles smaller than 10 
micrometers, which can provide unique benefit in various applications. 
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Scaling arguments [1] are presented to show the effect of the surface diffusivity Ds in the head-
on collision and coalescence of two viscous drops in a viscous matrix compatibilized with 
insoluble surfactants. The scaling arguments are compared to boundary integral simulations [1]. 
The parameters used in the simulations are those of the experimental system studied by Yoon 
,Hsu and Leal [2], where the drops are Polybutadiene (PBd) in a PDMS matrix, stabilized by 
block –copolymer surfactants. Overall, the scaling could predict the effect of the different 
important parameters on the drainage time (such as the surface Peclet number, the Marangoni 
number and the pushing force due to the external flow), but could not determine its experimental 
or simulated value.  

We also test our simulations against the scaling argument of Cristini, Blawzdziewicz and 
Loewenberg [3]. In Ref [3], this scaling argument was invoked to show that Ds is not important 
in emulsions stabilized by small molecule surfactants, so that these systems can be described 
with the assumption of non-diffusing surfactants. Here, however, following the same arguments,  
but without using the Stoke-Einstein expression for the surfactant surface mobility employed in 
Ref. [3] and by simply substituting the parameters for different emulsion systems, we show that 
Ds  can be neglected only for oil in water emulsions, not for water in oil emulsion. Moreover, 
when the system of interest is a polymeric system, with Ds in a range appropriate of block 
copolymer surfactants, the effect of Ds can be significant both for high and low concentration 
system. Thus block copolymer architecture which determines their Ds is an important parameter 
to stabilize immiscible polymer blends, especially when we want to use block-copolymer with 
small steric hindrance to obtain very thin films. This is in agreement with our boundary integral 
simulations. This last scaling is also reported for its ability to determine the values of Ds for 
which depending on the concentration the drainage time starts to be reduced from its limiting 
maximum value corresponding to immobile interface drainage. 
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Coalescence is often pictured as a dangerous process when narrow size populations of colloidal 
objects are desired. Indeed, when the limiting step of the coalescence process is the rupture event 
in the film separating two droplets, large droplets coalesce together faster than with small ones, 
since they have more film area. 

However, we have found a set of conditions under which populations of droplets evolve 
spontaneously toward a narrow size distribution. Our experimental system consists of swollen 
polymer (PMMA) nanodroplets dispersed in a solvent (acetone) + non-solvent (water) mixture, 
prepared through solvent-shifting (“Ouzo Effect”). These droplets carry electrical charges, 
located on the ionic end groups of the macromolecules. We used ultra-fast time-resolved Small 
Angle X-ray Scattering, at the synchrotron beam line ID02, to determine their size distribution. 
We find that the droplets grow through coalescence events: the average radius R increases 
logarithmically with elapsed time while the relative width σR/R of the distribution decreases as 
the inverse square root of R. We interpret this evolution as resulting from coalescence events that 
are hindered by ionic repulsions between droplets.  

We generalize this evolution through a simulation of the Smoluchowski kinetic equation, with a 
kernel that takes into account the interactions between droplets. For droplets that interact through 
long-range ionic repulsions, “large + small” droplet encounters are more successful at 
coalescence than “large + large” encounters. We show that the corresponding kernel leads to a 
particular scaling of the droplet-size distribution, known as the “second-scaling law” in the 
theory of critical phenomena, where σR/R decreases as R-1/2 and becomes independent of the 
initial distribution. We argue that this scaling explains the narrow size distributions of colloidal 
dispersions that have been synthesized through aggregation processes. 

 
Fig. 1 If coalescence is hindered by repulsions that increase with the size of the droplets, 
small+large encounters of droplets are favored over medium+medium encounters, which results 
in a decrease of the polydispersity according to the second-scaling law. 
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In the last years our group has performed several related studies1-6 about the detailed 
mechanisms of emulsification in turbulent flow. One major line in these studies was to clarify 
experimentally and describe theoretically the role of the main factors on: (1) Drop-breakage rate 
constants, kBR (2) Drop-drop coalescence rate constants, kC and (3) Size distribution and number 
of the daughter drops, which are formed as a result of drop breakage in turbulent flow. These 
factors include: (i) Rate of energy dissipation in the active zone of the homogenizer, ε; (ii) 
Interfacial tension, σ; (iii) Viscosity of the oil phase, ηD; (iv) Viscosity of the aqueous phase, ηC; 
(v) Oil volume fraction, Φ, and (vi) Surfactant concentration. The studied emulsions were 
prepared using either a “narrow-gap” homogenizer or “rotor-stator” homogenizer.  

The experimental data for the kinetics of drop breakage were analysed by a kinetic 
scheme, which took into account the generation of drops of a given size (as a result of breakage 
of larger drops) and their disappearance (as a result of their own breakage into smaller drops). 
The experimental results for kBR were described well by an explicit new expression, which was 
presented a product of: (a) the frequency of collisions between drops and turbulent eddies of 
similar size, and (b) the efficiency of drop breakage, which depends on the energy required for 
drop deformation. We found that the breakage of a single “mother” drop leads to the formation 
of multiple daughter drops, and the number and size distribution of these daughter drops depend 
strongly on the viscosity of the dispersed phase.  

The newly obtained results about the kinetics of drop-drop coalescence could be 
summarized as follows: (1) The coalescence rate increases with the increase of drop size, and 
with the decrease of surfactant concentration and viscosity of the aqueous phase. (2) The 
experimental results obtained with different lengths of the pipes in the emulsification equipment 
showed that the process of drop-drop coalescence takes place predominantly in the pipes, i.e. 
after the most active zone of the homogenizer where the drop breakage is realized. (3) New set 
of differential equations is constructed to account for the fact that the processes of drop breakage 
and coalescence occur in different compartments of the equipment. (4) The comparison of our 
experimental results with the theoretical expressions for the coalescence rate constant, which are 
available in the literature, show that the theoretical expression for non-deformed spherical drops 
(assuming Taylor regime of drop-drop approach) gives much closer predictions to the 
experimentally obtained data (as compared to Reynolds regime of thinning of a planar film 
between deformed drops). This result also supports strongly the hypothesis that the process of 
drop-drop coalescence takes place predominantly after the processing element of the 
homogenizer, in the pipes of the emulsification equipment. 
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Inverse emulsions (IE) are of utmost importance in a great variety of industrial areas, such as 
cosmetics, pharmaceutics and oil industry. Many studies have been devoted to their preparation, 
stabilization and destabilization mechanisms1. Despite this, no investigation has been reported in 
the literature on the shear-induced aggregation of IEs. Therefore, the aim of this work is i) to 
explore the possibility of the shear-induced gelation in IEs and ii) to identify the key parameters 
that regulate the observed destabilization and gelation phenomena. 

The employed IE systems consist of soft, water-swollen polymer-based particles at large particle 
contents, dispersed in an organic solvent and stabilized by a mixture of steric surfactants. It is 
found that at a fixed shear rate, the shear-viscosity of the IE systems first decreases with time 
(shear thinning), and then, after reaching a local minimum, it increases explosively (Figure 1). 
Cryo-SEM experiments reveal that along the shear history, the IE systems undergo competition 
between coalescence and aggregation, leading eventually to fractal gelation (Figure 1).  
 

 
Fig. 1 Viscosity profile of an IE undergoing shear thinning, coalescence and aggregation.  
 

With respect to that of non-coalescing colloidal systems, the shear-induced gelation2 of the IE 
systems results clearly from a different mechanism: coalescence slows down the gelation process 
by reducing the total occupied volume of the clusters. Only when the aggregation rate becomes 
faster than the coalescence rate, the gelation phenomenon becomes possible. Through the shear-
induced gelation, we have identified the main parameters affecting the shear-stability of the IE 
systems, and their effects can be well interpreted by considering their role in altering the 
competition between coalescence and aggregation kinetics. 
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We present fully atomistic molecular dynamics 
simulations of ternary octanol/ethanol/water mixtures. 
It is commonly known that octanol is completely 
soluble in pure ethanol, but octanol/water mixtures 
show a miscibility gap, and at a critical water content 
phase separation takes places in the ternary system. 
Our study focuses on the one-phase region of the 
phase diagram, where a macroscopically 
homogeneous system is present. The molecular-scale 
structure in this region reveals an increasing tendency 
of octanol aggregation with increasing water content. 
At low water concentration the aggregation is 
characterized by the formation of small clusters, but at 
higher water contents micelle-like aggregates of 
ethanol and octanol are observed before phase 
separation sets in. Different approaches to the 
determination of the micellar interface based on 
structural and energetic arguments are discussed. 

Our observations from molecular simulations are 
consistent with WAXS wide-angle x-ray scattering experimental data. Our results demonstrate 
the emergence of a surfactant-free microemulsion in ternary systems, which arise when two 
immiscible compounds are mixed by help of a third component, the hydrotrope.  The presented 
concept is assumed to be of general importance for such ternary mixtures. 

 

 

Fig.1. Snapshot of aggregates in an 
octanol/ ethanol/ water ternary mixture. 
The mole fractions of ethanol and 
octanol are 0.2 and 0.007. 
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We report on the solubilization of three generations of polypropyleneimine (PPI) dendrimers and 
their impact on sodium diclofenac (Na-DFC) release profiles from reverse gyroid cubic (QG) 
liquid crystals comprises on 65 wt% monoolein (GMO) and 35 wt% water. Cosolubilization of 
the 0.25 wt% drug along with 25 wt% of PPI of 2nd, 3rd and 4th generations (PPI-G2, G3 and G4) 
and their interactions was studied using small-angle X-ray scattering (SAXS), attenuated total 
reflected Fourier transform infrared (ATR-FTIR) spectroscopy and differential scanning 
calorimetry (DSC) measurements 

A considerable decrease (~78 Å) in the lattice parameter of the mesophase was obtained upon 
incorporation of PPI-G2 (without the drug) and increase in PPI from G2 to G3 and G4 led to 
increase in the lattice parameter. All the dendrimer generations caused to phase transition from 
QGreverse hexagonal (HII) mesophase at 25 wt%. According to ATR-FTIR and DSC, the large 
lattice parameters values from G3 and G4 embedment was assign to their interactions with the 
carboxyl groups of GMO at the interface in comparison to the strong interaction of PPI-G2 with 
the water and not with the surfactant. 

Cosolubilization of Na-DFC along with PPI-G2 in the system revealed an enlargement of the 
lattice parameter without any structural transition while in the G3 and G4 systems the Na-DFC 
did not influence the lattice parameter and did not cause phase transition. 

The release of Na-DFC from the mesophases from QG and HII systems was followed by UV-vis 
spectroscopy revealing a generation-dependence on the drug release. As the generation increased 
the release of Na-DFC decreased.  
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 Pseudophase kinetic models originally developed for interpreting chemical reactivity in 
homogeneous association colloids such as micelles, microemulsions, and vesicles also work in 
fluid, stirred, opaque, oil-in-water emulsions.  All these surfactant-based systems have the same 
basic properties as media for chemical reactions—but one—droplet size. In both 
thermodynamically stable, single phase surfactant solutions and in kinetically stable, stirred two 
phase emulsions, the reactive components are in dynamic equilibrium because the diffusivities of 
molecules and ions are orders of magnitude faster than the rates of the thermal chemical reaction 
of interest. In pseudophase models both association colloids and emulsions are conceptually 
divided into three separate reaction regions of uniform properties (see cartoon of component 
distributions between reaction regions) in which the observed rate of reaction is proportional to 
the concentration of reactants in the totality of each region and the rate constant in each region. 
  The effect of surfactant on the observed rate constant 
for reduction of an arenediazonium ion, 16-ArN2

+, probe by 
an uncharged antioxidant, AO, e.g., TBHQ (Fig. 2), is 
modeled by assuming that the AO distributes between the 
oil, interfacial and aqueous regions of an emulsion, but the 
reactive group of the surfactant like 16-ArN2

+ is only 
located in the interfacial region.  Values of kobs are obtained 
by electrochemical and spectrometric methods, physical 
separation of the phases is not required, and the data are fit 
with a kinetic model that provides estimates of the partition 
constants, PO

I and PW
I, for the distribution of the AO and of 

kI, for reaction                                Fig. 1. Emulsion regions 
in the interfacial region. 
 This talk will describe 
the logic and application of 
pseudophase models to 
emulsions, show that AOs, 
are located primarily in the 
interfacial region, that their 
distributions depend on both surfactant                                  Fig. 2. TBHQ/16-ArN2

+ reaction. 
Concentration and oil polarity, and are applicable to cationic, anionic, and zwitterionic 
emulsions. We plan to establish the relationships between AO structure, emulsion composition, 
including oil type, pH, emulsifier type and charge, and AO distribution and develop a new scale 
of AO efficiency. 
Literature: 
(1)  Romsted, L. S.; Bravo-Diaz, C. 2013. Modeling chemical reactivity in emulsions, 

Current Opinion in Colloid and Interface Science 2013, 18, 3.  Overview. 
(2) Romsted, L. S. "Introduction to Surfactant Self-Assembly," In Supramoleular Chemistry 
from Molecules to Nanomaterials; 2012. Gale, P. A., Steed, J. W., Eds.; John Wiley & Sons: 
Chichester, Vol. 1, p 181.  Encyclopedia Chapter.  
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Connecting fundamental phenomena and the characteristics of 
emulsions produced by microfluidics 

Claire C. Berton-Carabin and Karin Schroën* 

Wageningen University, The Netherlands 
* - karin.schroen@wur.nl 

A number of food matrices are constituted of oil droplets dispersed in an aqueous phase, i.e., can 
be represented as oil-in-water (O/W) emulsions. To control the physical-chemical properties of 
the end-products, it is of upmost importance to characterize the parameters that control the 
formation and ageing of emulsions, notably at a mesoscopic level. Emulsions can be prepared 
using various equipments, for instance high pressure homogenizers or microfluidic devices; the 
actual choice affects the physical and chemical stability of emulsions, and needs to be considered 
at large scale production.  

Recent work has focused on characterizing the formation of emulsion droplets in microfluidic 
systems, e.g., T-junctions1, flow focusing devices2, and microchannels3. In the case of small, 
food relevant-sized droplets, i.e., typically of a few µm, the known scaling relations describing 
the formation of millimetre-scale droplets no longer apply directly. In fact, the interfacial tension 
can then no longer be approached by values measured under equilibrium conditions.  

The present work describes the use of microfluidics to predict dynamic interfacial tension values 
at extremely short time scales. Using a Y-shaped junction, the droplet formation mechanism was 
accurately described by linking shear rate, viscosity and interfacial tension to the droplet size 
(below 10 µm)4. For this purpose, droplets formed within a range of static interfacial tensions 
and shear rates were used to build a calibration curve, which was subsequently applied to 
estimate the dynamic interfacial tension of droplets formed in various emulsifier solutions. 
Droplet formation rates up to 10,000 per second could thus be assessed. In addition, 
microfluidics were used to study the effect of process conditions on the physical destabilisation 
(coalescence) of emulsions, also under enhanced gravity conditions. We notably identified a 
range of conditions under which droplet coalescence is favoured. 

Thus, microfluidic devices are of great interest to studying the fundamental phenomena that 
govern the construction (droplet formation) and destruction (physical destabilisation) of 
emulsions. New insights regarding the effect of emulsion’s components and processing have 
been obtained, and will be discussed together with potential implications for optimized 
formulation of food emulsions, and advanced processing. 

 

Literature: 

1. Van der Graaf S., Nisisako T., et al. 2006. Lattice Boltzmann simulations of droplet 
formation in a T-shaped microchannel. Langmuir 22: 4144-4152. 

2. Ganan-Calvo A. 1998. Generation of steady liquid microthreads and micron-sized 
monodisperse sprays in gas streams. Physical Review Letters 80: 285-288. 

3. Van Dijke K., Schroën C., et al. 2008. Microchannel emulsification: from computational 
fluid dynamics to predictive analytical model. Langmuir 24: 10107-10115. 

4. Steegmans M., Warmerdam A., et al. 2009. Dynamic interfacial tension measurements with 
microfluidic Y-junctions. Langmuir 25: 9751-9758. 
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Water in Oil Emulsions either regularly cooled or stored at sub 
ambient temperatures. Determination of the amount of ice formed. 

Danièle Clausse1 *, Jean Louis Lanoisellé2 

1 - Université de Technologie de Compiègne, TIMR. 2 – Université de Bretagne Sud, LIMATB 
* - daniele.clausse@utc.fr 

Due to nucleation phenomena, water dispersed within an emulsion as small droplets is expected 
to freeze at a temperature lower than the freezing point which is zero for pure water and less for 
water containing a solute depending on the composition. Two processes to get the freezing may 
be undertaken; either the emulsion is regularly cooled (figure 1) or stored at a fixed temperature 
which is defined from the knowledge of the liquid/solid diagrams phases of the dispersed 
solutions. A theoretical approach based on thermodynamics and kinetics considerations is 
described for estimating the total expected amount of ice formed that could be less than the total 
amount of water present in the emulsion if the total solidification is not reached. Experimental 
results found from calorimetric measurements (1) linked to the energy involved during the 
formation or melting of the ice formed are in agreement with the theoretical analysis. 
Applications for others materials wherein water is found has been dispersed are considered: 
vegetables and biomaterials essentially. 

 

Figure 1: Photography   of an emulsion showing the progressive freezing of the droplets during 
cooling. At – 42°C all the droplets are frozen.  

Literature: 

1.  Clausse D.,Gomez F., Pezron I., Komunjer L.  Morphology characterization of 
emulsions by differential scanning calorimetry.  Advances in Colloid and Interface 
Science. 2005, 117, 59-74. 
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Monitoring the Coalescence during Nanoparticle Preparation by 
Fluorescence Cross-Correlation Spectroscopy  

David Schäffel, Roland Staff, Hans-Jürgen Butt, Katharina Landfester, Daniel Crespy and 
Kaloian Koynov* 

Max Plack Institute for Polymer Research, Ackermannweg 10, 55128 Mainz, Germany 
* - koynov@mpip-mainz.mpg.de 

The use of emulsion droplets as templates is one of the most common approaches for 
nanoparticles preparation and is of high scientific and technological importance. However, this 
approach has also intrinsic drawbacks originating from the colloidal stability of the emulsions. 
Indeed, coalescence between droplets can lead to a large size distribution of the obtained 
nanoparticles. Therefore, in order to fully understand and optimize the processes of nanoparticles 
preparation for any specific system, it is of immense importance to monitor the nanodroplets 
coalescence in an unambiguous and quantitative way. Here, we show how dual-color 
fluorescence cross-correlation spectroscopy [1], can be efficiently applied to directly monitor the 
coalescence during nanoparticles preparation from emulsions. To demonstrate the generality of 
our approach we studied three common preparation strategies, namely the solvent evaporation 
process from emulsion droplets, miniemulsion polymerization, and polycondensation to 
inorganic silica-nanocapsules. We found that coalescence has a minor role for the two first 
strategies, whereas a substantial coalescence between nanodroplets takes place during the 
polycondensation reaction [2, 3]. 

 

 
Literature: 

1. Schwille P., Meyer-Almes F.-J., Rigler R. 1997. Dual-color fluorescence cross-correlation 
spectroscopy for multicomponent diffusional analysis in solution. Biophys. J. 72: 1878-1886. 

2. Schaeffel D., Staff R.-H., Butt H.-J., Landfester K., Crespy D., Koynov K. 2012. 
Fluorescence correlation spectroscopy directly monitors coalescence during nanoparticle 
preparation. Nano Letters 12: 6012-6017. 

3. Staff R., Schaeffel D., Turshatov A., Donadio D., Butt H.-J., Landfester K., Koynov K., 
Crespy D. 2013. Particle Formation in the Emulsion-Solvent Evaporation Process. Small 
DOI: 10.1002/smll.201300372. 
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Droplet-Surface Interactions in the Absence and Presence of 
Adsorbed Polymer Layers 

Piotr Korczyk, Marine Jacquet, Mihail Popescu, Marta Krasowska, and David A. Beattie* 

Ian Wark Research Institute, University of South Australia, Mawson Lakes Campus, Mawson 
Lakes, SA 5095 

* - David.Beattie@unisa.edu.au 

Oily liquid droplets in aqueous suspension (emulsions) represent a large number of natural and 
industrial products and materials.  Many of the applications of emulsions are dependent on the 
interaction of the oily droplets with solid surfaces, whether those surfaces are metals, metal 
oxides, skin, or hair.  In spite of the critical nature of this interaction, there are few experimental 
techniques that can directly probe this interaction, or connect the droplet-solid interaction to the 
molecular characteristics of the oil/water and water/solid interface.  In this work, we have used 
high speed video microscopy of oil droplet rise and oil droplet collisions with solid surfaces to 
determine the influence of adsorbed polymer layers on thin film hydrodynamics and droplet 
attachment.   

The oil studied was dodecane, and a model hydrophobic surface (thiol-coated gold) has been 
used as the solid.  The measurements provide direct information on thin film drainage and liquid-
liquid displacement (droplet spreading) at the solid surface.  The dynamic droplet collision data 
have been acquired in the presence and absence of polymer emulsifiers/surface modifiers 
(hydrophobically-modified dextrin), either pre-adsorbed on the solid surface, or pre-adsorbed at 
both solid and droplet surfaces.  A novel microfluidic device has been used to pre-condition the 
droplets with polymer, prior to release into the column for collision measurements.  The 
collision/droplet rise data has been interpreted with the aid of adsorption characterisation of the 
polymer layer on the solid surface (using quartz crystal microbalance) and the droplet surface 
(using dynamic surface tension measurements). 
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Adsorption Layers and Foam Films from β-Lactoglobulin 
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The significance of understanding the role of proteins for the production and quality of colloids 
in various applications initiated a number of physico-chemical approaches for investigating 
protein-induced stabilization of colloid systems and foams in particular. The formation and 
stability of a thin liquid film between two gas bubbles in foam (foam film) is a key factor, which 
largely determines the evolution of the foam. A successful approach for studying foams is the 
model of a single microscopic foam film [1]. This method allows exploring the coalescence of 
bubbles by means of direct measurements of the film lifetime and the surface forces in a film. It 
is shown for instance in Refs. [2,3] that foam film studies significantly contribute to the 
understanding of the behaviour of protein stabilized aqueous foams. On the other hand, the 
properties of the adsorption layers that constitute the foam film surfaces play a decisive role in 
the formation process, control the properties and stability of the foam films, thus determining the 
behaviour of the overall foam as a gas in liquid disperse system, e.g. [2-4].  

Here we present results on foam films and corresponding adsorption layers formed from aqueous 
whey protein solutions. This study is in the framework of a DFG projects cluster which deals 
with the stability and properties of foams produced from aqueous solutions of native and 
modified proteins (β-Lactoglobulin and β-Casein).  
 

Literature: 

References should be placed immediately below end of main text according to citation below: 

1. Exerowa D and Kruglyakov PM, Foam and Foam Films. Elsevier, 1998. 
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3. Alahverdjieva, V.S., Khristov, Khr., Exerowa, D., Miller, R., 2008, Correlation between 
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On the Elasticity of Liquid Marbles 

Samuel Asare-Asher, Jason Connor & Rossen Sedev 
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Spaying water on a dusty surface is enough to make a few liquid marbles. Liquid marbles are 
liquid droplets covered completely with small particles. They exhibit hydrophobic properties 
even on hydrophilic surfaces. They roll off easily, bounce and deform. Their behaviour is closely 
related to the Cassie wetting state and the phenomenon of superhydrophobicity. Typical liquid 
marbles are of millimetre size but their properties are analogous to smaller capsules and droplets 
of Pickering emulsions. 

In this work we assess the elastic properties of liquid marbles. Water marbles are covered with 
an uneven and complex multi-particle coating of PE particles as revealed by ESEM imaging. The 
liquid marbles are highly elastic and can sustain reversibly up to 20-30% deformation. The 
modulus of elasticity measured experimentally is of the same order of magnitude as that 
expected for bare liquid droplets. Upon further compression their elasticity increases 
considerably until, at a critical threshold, the liquid marble is destroyed. We speculate on the 
mechanism of these processes and specifically the role of the liquid surface and the network of 
particles. 

 
Fig. 1 The surface of a millimeter-size liquid marble seen with an ESEM. 

 
Literature: 
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 Protein microgels stabilize water-in-water emulsions by absorbing 
at the interface. 

Bach T. Nguyen, Taco Nicolai *, Lazhar Benyahia  

LUNAM, Université du Maine, IMMM UMR CNRS 6283, PCI, 72085 Le Mans cedex 9, France  
* - Taco.Nicolai@univ-lemans.fr  

Water-in-water emulsions can be formed by mixing aqueous solutions of incompatible polymers. 
However, contrary to oil-in-water emulsions they cannot be stabilized by surfactants. Therefore 
in practice they are stabilized by gelling one or both water phases. We explored the potential to 
use protein microgels with radii varying between 50 and 300 nm to stabilize water-in-water 
emulsions formed by mixtures of PEO and dextran. The protein microgels were produced by 
heating globular proteins in the presence of a small amount of calcium ions. Native proteins had 
no effect on the fast microscopic phase separation of the mixtures. However, the larger proteins 
particles entered the interface spontaneously and this led to stabilization of the emulsions for a 
period of weeks. The effect of the polymer composition, i.e. the interfacial tension, and the 
concentration and size of the microgels on the structure and stability of the emulsions was 
investigated systematically. The partition of the protein particles between the two phases and the 
interface was quantified.     

 

    

    

CPEO/CDex (%)          7.4/2      5.5/5.5        4.3/7.7    1.9/12 

 

Fig. 1 Confocal microscopy images (160x160µm) of the dextran signal (green, top) and the 
protein signal (red, bottom) for PEO/dextran mixtures in the presence of 0.5wt% protein particles 
(Rh=150nm) for different polymer compositions on the same tie-line indicated in the figure.  
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Numerical simulation of bubble dissolution and Ostwald ripening in 
paint films 
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The application of spray paints can lead to the appearance of air bubbles which are detrimental to 
the quality of the coating. During the drying process of the paint film, the number of bubbles 
reduces with time, whereas the average bubble size increases. This process, which is known as 
Ostwald ripening1, is caused by the diffusion of dissolved gas from small bubbles to both large 
bubbles and to the interface between the paint layer and ambient air. Due to the complexity of 
mass transport in a paint layer containing bubbles, the mechanisms of Ostwald ripening in paint 
layers are not sufficiently studied. 

 

In this work, a computational model for the description of the 
dissolution process of one or several bubbles in water-based 
paint films has been developed using the Finite Element 
Method. The model takes into account the transient diffusion of 
dissolved gas in the liquid. Since the equilibrium concentration 
of dissolved gas at the liquid-gas interface is proportional to the 
total pressure and therefore depends on the Laplace pressure, the 
boundary conditions at the liquid-gas interfaces are determined 
by the instantaneous bubble radii. 

The effects of the paint layer thickness, the bubble size and 
position as well as the distribution of several bubbles on 
dissolution time have been quantified. 

Numerical simulations have shown that the dissolution times 
increase with increasing paint layer thickness; moreover, the 
dissolution times increase as initial bubble size in power three 
and higher, which basically prevents the dissolution of bubbles 
above a certain threshold size within a reasonable time frame.  

Fig. 1 Dimensionless con-
centration distribution of 
dissolved gas 

In the case of simultaneous dissolution of several bubbles having initially the same size, the 
distance from the bubble centres to the ambient air and the distance between the neighbouring 
bubble centres significantly affect the dissolution dynamics (see Fig. 1). 

The numerical results are in a good agreement with experimental data obtained by using optical 
microscopy to determine the temporal evolution of bubble size distribution. 

The results of the present study will be applied for the development of high quality industrial 
coatings.  

 
Literature: 
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Particle stabilized foams – a journey through length scales 

Adrian Carl*, Anne Bannuscher, Regine von Klitzing 
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The combination of nanoparticles and short-chain surfactants has been shown to increase 
aqueous foam stability and foamability compared to the same system without nanoparticles1. The 
origin of the increased stability is not fully resolved, yet. Unmodified, hydrophilic nanoparticles 
show no attachment to the water/air interface. On addition of surfactant, the particles are 
rendered hydrophobic and adsorb to the interface. The location within the interface is governed 
by the particles’ wetting properties which can be expressed by the contact angle. Due to the 
interfacial attachment, foam ageing processes as coarsening and drainage are decelerated or even 
arrested. Within the scope of this study, nanoparticle and surfactant concentrations are kept low 
in order to prevent bulk coagulation which seems to be a key feature in related investigations2. 

We conduct x-ray reflectivity measurements to characterize the quasi-equilibrium state of the 
adsorbed particle layer. Surfactant adsorption isotherms, surface tension measurements and light 
scattering experiments were conducted to identify the parameters which are crucial for foam 
stabilization. An attempt is made to relate the macroscopic foaming behavior to the observed 
microscopic parameters. 

 

 
Fig. 1 Foam stabilization by nanoparticles – a multi-scale problem 

 
1. Gonzenbach, Urs T.; Studart, André R.; Tervoort, Elena; Gauckler, Ludwig J. (2006). 

Ultrastable Particle-Stabilized Foams. Angew. Chem. Int. Ed 45 (21): 3526–3530. 
2. Carl, Adrian; von Klitzing, Regine (2011). Smart Foams: New Perspectives Towards 

Responsive Composite Materials. Angew. Chem. Int. Ed 50 (48): 11290–11292 
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Pickering emulsions stabilized by nanoparticles of bare silica. 
Adsorption of nanoparticles and emulsion stability 

Laure Ridel *, Marie-Alexandrine Bolzinger, Yves Chevalier 
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The stabilization of Pickering emulsions comes from a strong adsorption of solid particles at the 
oil-water interface that builds a rigid barrier against coalescence. Either particles having a 
diameter above 100 nm diameter, or aggregates of nanoparticles are usually selected for the 
stabilization of Pickering emulsions because the adsorption energy of solid particles coming 
from partial wetting by water and oil, ( )22 1 θγπ cosowads ±−=∆ RF , is several kT, which means that 
full adsorption of solid particles takes place. 
The adsorption energy reaches the order of magnitude of thermal energy upon decreasing the 
size of solid particles to ∼10 nm, and equilibrium adsorption is therefore expected. The purpose 
of the present work is investigating the adsorption of individual nanoparticles of 12 nm diameter 
at the surface of oil droplets of o/w emulsions and looking at the consequences of a weak 
adsorption on the emulsion stability. 
Silica nanoparticles of the Ludox™ series are individual nanoparticles of 12 nm diameter in 
suspension in water. Most oils do not wet bare hydrophilic silica. However partial wetting 
conditions are fulfilled with of particular polar oils that could be dispersed as Pickering 
emulsions stabilized by bare fumed silica [1]. 
Emulsification of diisopropyladipate oil droplets using Ludox™ AS40 silica stabilizing 
nanoparticles was successful up to 60% oil content (Fig. 1). An unusual dependence of the oil 
droplet diameter with respect to silica content occurs. The linear dependence 
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expected for full adsorption of solid particles was not followed, although it is generally followed 
over a wide silica concentration domain [2],[3]. 
The adsorption isotherm of silica particles measured by ICP-AES titration of residual silica 
shows that adsorption equilibrium takes place over the whole silica and oil concentration ranges. 
A consequence is the possible de-stabilization of emulsions upon shifting the adsorption 
equilibrium. As example, dilution of emulsions with pure water leads to their progressive 
coalescence into larger droplets. Several experiments based on optical microscopy, light 
scattering and adsorption isotherms show this paradoxical behavior. Multilayered adsorption of 
silica particles is suspected on the basis of adsorption isotherms. 
 

 
Fig. 1: O/w emulsions of diisopropyladipate oil stabilized by 4% Ludox™ AS40 for increasing 
amounts of oil from 10% to 70%. Emulsification was successful up to 60% oil and failed at 70%. 
 
1. Frelichowska J., Bolzinger M.-A., Chevalier Y. 2009. Pickering emulsions with bare silica. Colloids Surfaces A 

343:70-74. 
2. Frelichowska J., Bolzinger M.-A., Chevalier Y. 2010. Effects of solid particle content on properties of o/w 

Pickering emulsions. J. Colloid Interface Sci. 351: 348-356. 
3. Arditty S., Whitby C.P., Binks B.P.,Schmitt V., Leal-Calderon F. 2003. Some general features of limited 

coalescence in solid-stabilized emulsions. Eur. Phys. J. E 11, 273–281. 
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Using the Confinement of Nanodroplets and Polymer Nanoparticles 
for Templating Inorganic Crystallization 
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Although most of the work conducted so far on crystallization at surfaces and interfaces has dealt with 
planar surfaces, particle formation on spherical geometries may open new doors for preparing materials 
with potential applications in different technical fields. In this context, colloidal systems provide an 
excellent platform for the formation of inorganic and organic–inorganic hybrid nanostructures [1]. On one 
hand, colloidal particles (both polymeric and inorganic) can act as a support for crystallization processes 
on their surface. On the other hand, the colloidal structures generated by micelles and surfactant-
stabilized droplets serve as soft templates or nanoreactors for the controlled precipitation of inorganic 
materials. 
Our work focuses on the versatility of heterophase systems like miniemulsions in the synthesis of 
multifunctional nanoparticles. We have shown that inorganic/polymer hybrids can be prepared by in-situ 
formation of metal oxide (CeO2, Fe2O3, Fe3O4, ZnO) nanocrystals on the surface of polystyrene particles 
functionalized with hydrophilic groups [2]. The approach can be carried out in both aqueous and 
alcoholic media, which implies that it can be extended to a wide range of inorganic materials, including 
different chalcogenides. By combining the in-situ precipitation at the surface of particles with an 
additional encapsulation of previously formed inorganic nanoparticles in the polymer core, we have 
succeeded on preparing a “second generation” of multifunctional particles containing a 
magnetoresponsive inorganic component (Fe3O4) on the core and a light-responsive functionality (CdS) 
on the surface [3]. 

The ability of miniemulsions to template inorganic synthesis, however, goes beyond the liquid–solid 
interfaces of polymer colloids in suspension: miniemulsion droplets stabilized with surfactants and/or 
block copolymers and containing inorganic precursors can also act as soft templates. Although the most 
common way to prepare inorganic nanoparticles by emulsion methods is to mix two emulsions containing 
the precursors and a reducing/precipitating agent, the precipitation can also be driven by other stimuli, 
such as temperature or the addition of a precipitating agent to the continuous phase. We will present our 
last advancements in the field, showing that interfacial crystallization can occur at the liquid–liquid under 
mild conditions for different transition metal oxides and hydroxides. 
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Investigation of Nonionic Additives on the Structural Changes of 
Water Droplets Encapsulated in the AOT Reverse Micelles  
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 Reverse micelles are resembled to pockets of water included in bioaggregates such as 
membranes and mitochondrial matrix, where water is not in its bulk state, but confined to small 
cavities whose size and wall nature determine the way of water organisation [1]. Complexity of 
water structure becomes enormous when it is confined to nanometer-scale cavities. Therefore 
investigation of the properties of water core of the reverse micelles is urgent and topical. The 
additives of ionic and nonionic kosmotropes and chaotropes influence the water structure in  
water pockets of reverse micelles. Non-ionic kosmotropes (trehalose, glucose, etc.) are very 
soluble well-hydrated molecules, having no net charge and enforcing extensive hydrogen 
bonding. Conversely, non-ionic chaotropes (e.g.urea) increase the population of broken water 
decreasing the hydrogen-bonded network of water [2].  

 The goal of the proposed work was to study the influence of nonionic additives 
(kosmotrope glucose and chaotrope chloral hydrate) introduced in the water nanocages of 
reverse micelles on both structural changes of water pools of reverse micelles and binding of a 
molecular probe to AOT reverse micelles, also on chromatographic retention factor of the model 
compounds by using water-in-oil micellar chromatography, infrared and ultraviolet-visible 
spectroscopy.   

 The important results of the presented work may be summarized so: (i) The O-H 
stretching vibrational absorption spectra in the region of 3000-3800 cm-1 were fitted into three 
subpeaks with the help of a Gaussian curve fitting program. Results showed, that trapped water 
fraction in the presence of glucose in water pool of the reverse micelle exceeds 8 times the same 
fraction in the pure water. Free fraction of water is higher 7 times under the influence of chloral 
hydrate in comparison with system modified by additives of glucose; (ii) Results obtained via 
UV-vis spectroscopy showed, that binding constants of o-NA with AOT reverse micelles have 
higher values in the presence of chloral hydrate than glucose; (iii) At the same time, retention of 
solutes are less in the presence of chloral hydrate in the microemulsion chromatographic system 
in comparison with microemulsion mobile phases, modified with glucose. It may be suggested 
on the basis of discussion of the obtained results, that molecules of glucose are presumably 
arranged in peripheral water of AOT reverse micelles, but molecules of chloral hydrate are 
probably localized in the depth of water pockets.  

 Literature: 
 1. Chang G., Huang T., Hung H. 2000. Reverse Micelles as Life-Mimicking Systems.  
Proc. Natl. Sci. Counc. ROC (B), 24 (3), 89-100.        
 2.  Itri R., Caetano W., Barbosa L.R.S., Baptista M.S. 2004. Effect of Urea on Bovine 
Serum Albumin in Aqueous and Reverse Micelle Environments Investigated by Small Angle X-
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Microcapsules can represent reservoirs of healing agents that are dispersed into materials. 
Matrixes such as thermoset materials undergo damages over time due to external forces such as 
cyclic stresses and climate conditions. This can eventually lead to the formation of cracks, 
thereby deteriorating and weakening the materials. Upon crack formation, the microcapsules 
present in the matrix should break (and not debond) and release their reactive liquid content, 
allowing the material to recover its strength.1,2,3 The development of self-healing materials has 
gained considerable attention over the last decade. This is driven by the replacement of heavy 
materials by lightweight high performance materials. The application fields include building and 
construction, automotive and aerospace, industrial applications, wind energy and marine 
applications.Our research aims at the encapsulation of newly developed self-healing agents. 
Different synthetic routes for the formation of core-shell structures, well known in literature, are 
applied and adapted to our targeted systems. In self-healing composites, for capsules to rupture 
in a reliable fashion, they must have an effective embedded modulus lower than that of the 
surrounding polymer matrix. Typical compositions used for the shell material are poly(urea-
formaldehyde) (PUF), poly(melamine-formaldehyde), polyurethane (PU) and acrylates. 
This study describes the complexity of having a reactive core system, such as multi-thiols or 
multi-isocyanates. Moreover our newly developed microcapsules hold the ability to comprise 
different functionalities on the shell, allowing easy post-functionalization, making the capsules 
more compatible with the surrounding matrixes. Furthermore, a novel approach for the 
encapsulation of reactive ingredients, beyond the classical approaches and based on a highly 
efficient chemistryreaction, will be presented. This original approach allows straightforward 
functionalization of the shell and can be applied to a vast number of highly reactive core 
materials. 

 
Fig. 1 Microcapsules filled with highly reactive self-healing agents. 
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Aqueous foams and aerated emulsions partly stabilized by 
calcium carbonate particles 
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The development of a suitable and stable texture is important in all foam-based products. The 
stability of the aerated products strongly depends on the interfacial properties of the stabilizer 
molecules around the air bubbles. Up to now, the foams that have been studied were produced 
mainly with surfactants and proteins. Surfactant molecules can reduce the interfacial tension of 
the air-water interface and enhance the foamability, however the foams break eventually within a 
short period of time. Recently, solid particles have been shown to enhance the stability of air 
bubbles in aqueous systems1, opening a new pathway towards the formulation of highly stable 
foams. In this work, we investigated the foamability of aqueous solutions of a well-known food 
surfactant, Sodium Stearoyl-2-Lactylate (SSL), and the stability of the produced foams.  Those 
foams were stable for weeks to months depending on the surfactant concentration and 
preparation conditions. In addition, naturally hydrophilic Precipitated Calcium Carbonate (PCC) 
particles were surface activated using SSL molecules and the foaming properties of the mixtures 
were studied. Certain of these foams were found to be ultra-stable with a stability of over one 
year. The adsorption of surfactant on the surface of particles has been probed via the adsorption 
isotherm and by measurement of zeta potential. The data will be discussed in connection with the 
foaming behavior. Furthermore, inclusion of air bubbles into oil-in-water emulsions is also an 
important phenomenon in a range of products. We investigated the influence of the addition of 
functionalized PCC particles on the aeration properties of palm kernel oil-in-water emulsions. 
The effect of particle and surfactant concentration was probed and aerated emulsions showed 
excellent stability towards drainage and coalescence. The aeration time was also found to 
significantly affect the overrun and stiffness of the aerated emulsions. 

 

Literature: 
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Water-in-air dispersed systems, called dry water, are formed by aerating water in the presence 
of very hydrophobic particles. The dry water is a material that contains a large amount of 
encapsulated water drops, but behave like a free-flowing powder1. Similarly, emulsions with 
water as the continuous phase (oil-in-water emulsions) can be powderized by aerating the 
emulsions in the presence of very hydrophobic particles. It has been found that oil droplet 
velocity in water globules during aeration is a crucial factor in stabilizing the powdered 
emulsions2. The powdered emulsions are increasingly stabilized by decreasing the aeration speed 
and oil droplet diameter of o/w emulsions, and by increasing the water phase viscosity, as 
predicted by the Stokes equation. Another way to control the oil droplet velocity, according to 
the Stokes equation, is to decrease density difference between oil and water in o/w emulsions. In 
this study, we have investigated how the density difference between oils and water (Δρ) affect 
the stabilization of powdered emulsions. 

By mixing two oils (n-dodecane and silicone oil with a viscosity 
of 100 cSt), the Δρ values were controlled from 0.03 to 0.25 g cm-3. 
All the o/w emulsions prepared using oil mixtures with different Δρ 
values showed the same oil droplet diameter. Powdered materials 
were formed by aerating o/w emulsions with different Δρ values in 
the presence of very hydrophobic fumed silica (Fig. 1). Fig. 2 shows 
an optical micrograph of a powdered material prepared using an oil 
mixture with Δρ = 0.03 g cm-3, dispersed in oil (n-dodecane). The 
formation of oil-in-water-in-oil emulsions by dispersing the 
powdered materials in an oil suggests that the powdered materials 
are oil-in-water-in-air materials, that is, the powdered emulsions. By 
decreasing Δρ values, the number of oil droplets in water globules in 
the powdered emulsions was increased and the size of the oil 
droplets approached to the size of the original oil droplet in the o/w 
emulsions. This fact indicates a decrease in the oil droplet velocity 
during the aeration by decreasing Δρ, leads to the successful 
preparation of the powdered emulsions. 
 
Literature: 
1. Binks, B. P. and Murakami, R. 2006. “Phase inversion of particle-stabilized materials from 

foams to dry water” Nat. Mater. 11, 865-869. 
2. Murakami, R., Moriyama, H., Yamamoto, M. Binks, B. P., Rocher, 2012. “Particle 

stabilization of oil-in-water-in-air materials: powdered emulsions” Adv. Mater. 24, 767-771. 
Acknowledgements: We thank JSPS KAKENHI (Grant-in-Aid for Young Scientists (B), 
12018977) and the Cosmetology Research Foundation for funding. 

1 cm

Fig. 1 Photograph of powdered 
emulsion (Δρ = 0.03 g cm-3). 

Fig. 2 Optical photograph of 
powdered emulsion, dispersed 
in oil (Δρ = 0.03 g cm-3). 
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SWOPTM (SWitch-Oil-Phase Technology) is an emulsion concept that combines a W/O 
emulsifier with a mild surfactant, giving a low-HLB O/W emulsion (HLB ~ 6-7) stabilized by a 
polyacrylate microgel. Such emulsions can be formulated as lotions and creams for skin care 
applications. 

A key feature of SWOPTM emulsions is the observation that the O/W emulsions turn into W/O 
during application to the skin, a phase inversion that consumers can experience as a sudden 
change in sensorial properties.  

This paper will elucidate the physico-chemical mechanism underlying these emulsions. Optical, 
fluorescence and Scanning Electron Microscopy show a unique colloidal structure. Oil droplets 
in the diameter range of (1-2)µm surround individual domains formed by the swollen 
polyacrylate microgel. Those domains exhibit diameters of up to 20µm. 

Phase diagrams and skin conductance measurements show that SWOPTM emulsions undergo a 
phase inversion from O/W to W/O upon evaporation of comparably small amounts of water, i.e. 
at water contents of (50-55)% compared to <20% for “classical” O/W emulsions. As shown in 
Figure 1 (left side), the water content vs. emulsifier HLB phase diagram shows a “skewed” O/W 
to W/O phase boundary, illustrating the observed phase-inversion at comparably high water 
content. 

In addition, the influence of oil polarity, NaCl content and addition of various polymers on the 
phase diagrams of SWOPTM emulsions will be reported. 
 

               
Fig. 1 Left: Schematic phase diagram of a SWOPTM (black solid line) and a “classical” emulsion 
(grey dashed line), the black dot represents a typical SWOPTM formulation. Right: Freeze-etched 
cryo-SEM image of a SWOPTM emulsion. 
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Unilamellar vesicles are a class of self-assembled aggregates that are interesting of purposes of 
encapsulation or as delivery systems. They may form spontaneously when mixing cationic or 
zwitterionic with anionic surfactants. However, often it is difficult to control their size and 
structure and in general they are prone to ageing, i.e., the structure is not well-defined over time 
[1]. In our experiments the fast formation process was studied by coupling the stopped-flow 
technique to high-flux SANS/SAXS instruments, allowing to obtain detailed structural 
information with a time-resolution of 5-50 ms. This was done on a model system composed of 
perfluorinated anionic and zwitterionic hydrocarbon surfactant, showing that it proceeds via a 
disk-like intermediate state, yielding very monodisperse unilamellar vesicles, due to the kinetic 
control of this proess. The size of the vesicles formed is determined by the ratio of bending 
constants and the line tension of the system [2]. However, these vesicles age rather quickly 
afterwards. Based on detailed knowledge of the formation process it was possible to manipulate 
it by admixing amphiphilic copolymers. This leads to larger and very monodisperse vesicles, 
which now in addition are long-time stable. Accordingly by this shaping approach one can obtain 
unilamellar vesicles with tunable radii in the range of 20-70 nm and with polydispersity indices 
of 0.04-0.06, which are attractive for a number of applications [3]. This means that by knowing 
the pathway of forming vesicles this process can be controlled by the presence of copolymers, 
which allows for shaping them in a systematic fashion. These well-defined and stable vesicles 
then are not only very interesting model systems but also attractive for a number of applications.  

 
Fig. 1 Structural progression occurring in the solutions as a function of time. 
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Effect of electrostatic interaction is sometimes drastic in the ordering of softmatters because this 
force is rather stronger than another (entropic) interaction, which governs structural formations 
in softmatters. However, the effects of salt on structural formations in softmatters are not truly 
understood; these are not explained in terms of ionic strength nor ionic radius. The ability of ions 
to salt out or salt in proteins is classified as the Hofmeister series, but it is just an empirical 
classification and not explained from the basic level. 
Recently, we showed several experimental evidences of nano-scale structures in liquids induced 
by adding an antagonistic salt composed of hydrophilic cations and hydrophobic anions. In the 
water-rich mixture of deuterated water (D2O), 3 methylpyridine (3MP) and sodium 
tetraphenylborate (NaBPh4), we showed experimental evidences of the formation of ordered 
lamellar structure. [1] A precise data analysis and a theoretical consideration indicate that planar 
layers of 3MP are stabilized by pairs of hydrophilic cations and hydrophobic anions, which play 
a similar role as surfactant molecules. These 
results suggest that the heterogenous 
distribution of anions and cations is important 
for the ordering of softmatters.  
In this respect, we have done further small-angle 
neutron scattering (SANS) experiments to 
investigate the effect of antagonistic salt on the 
structure of 10 wt % of C12E5 (10 vol%) and 
D2O. Figure 1 shows a typical example of the 
SANS profiles. In a binary mixture without salt, 
the structure at 60°C is interpreted as a sponge 
phase. By adding small amount of NaBPh4, the 
SANS spectra drastically changes and becomes 
multi-peak profile corresponding to the lamellar 
structure. The first peak position shifts to lower-
Q at lower salt concentration, while it shifts to 
higher-Q at higher salt concentration. This 
behavior is also observed by adding another 
antagonistic salt (RbBPh4 or PPh4Cl), while no 
effect was found when we added a normal 
(hydrophilic) salt.  
 
Literature: 

1. Sadakane Koichiro, et al., 2009 Phys. Rev. Lett., 103: 167803. 

Fig. 1 Salt concentration dependence of the 
SANS profile from C12E5/D2O (black circles) 
and those from C12E5/D2O/NaBPh4 (others). 
The lamellar structure  becomes more distinct 
by increasing the salt concentration. 
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The aggregation behaviors of a series of symmetric and dissymmetric cationic Gemini 
surfactants, [CmH2m+1(CH3)2N-(CH2)2-N(CH3)2CnH2n+1]Br2, designated as m-2-n (m = n with m 
= 10, 12, 14; or m ≠ n with a fixed m + n = 24, m = 16, 14, 12) have been investigated in a protic 
ionic liquid, ethylammonium nitrate (EAN). Surface tension, polarized optical microscopy 
(POM), small-angle X-ray scattering (SAXS), and rheological measurements are adopted to 
investigate the micellization and lyotropic liquid crystal (LLC) formation. Compared to LLCs 
formed in aqueous environment, the normal hexagonal (HІ) and lamellar (Lα) phases are found 
to disappear with a new reverse hexagonal (HII) phase instead. The structure dissymmetry plays 
an important role in aggregation process of m-2-n. With increasing degree of dissymmetry, the 
critical micellization concentration, the maximum reduction of solvent surface tension, and the 
minimum area occupied per surfactant molecule at the air/EAN interface all become smaller. 
The thermostability of formed LLCs is therefore improved because of the more compact 
molecules. These characteristics can be explained by the enhancement of solvophobic effect due 
to the increased structure dissymmetry of Gemini surfactants. 

 
Fig. 1 Chemical structures of Gemini surfactants and their aggregates formed in EAN. 
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Heterogeneously charged particles are multipolar units characterised by a competitive interplay 
between attractive and repulsive anisotropic interactions. We consider a selection of axially 
symmetric quadrupolar colloids - first introduced in Ref. [1] and referred to as inverse patchy 
colloids (IPCs) - in a confined planar geometry; the role of both the overall particle charge and 
the patch extension as well as the effect of a neutral or possibly charged substrate are studied in 
thermodynamic conditions such that the formation of extended structures is favoured.  A general 
tendency to form quasi two-dimensional aggregates composed by particles with their symmetry 
axis oriented within the plane is observed irrespective of the confinement size; among these 
planar self-assembled scenarios, a clear distinction between the formation of microcrystalline 
gels -- branched networks consisting of extended purely crystalline domains - as opposed to 
disordered aggregates is possible based on the specific features of the interparticle interaction 
[2]. The competition of particle-particle and particle-substrate interactions significantly affects 
the size and the internal structure of the aggregates and can even inhibit the aggregation process 
[2,3]. 

 
Fig. 1 Magnified views of typical simulation snapshots for one of the investigated IPC systems 
under planar confinement [3]; black bars and points indicate the particle orientational vectors; 
the wall and the patch charges are labeled as Zw and Zp, respectively; the top wall is always 
neutral, while the bottom wall can be either neutral (central-bottom panel) as well as charged 
(side-top panels).  
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The interior of living cells is crowded with macromolecules. In such a concentrated environment, 
local phase separation may occur, involving local composition differences and 
microcompartmentation. Recently, giant vesicles loaded with polymer solutions were reported to 
exhibit spatial compartments formed by phase separation within the vesicle. We employed these 
artificial cell systems to study various phenomena related to molecular crowding and 
microcompartmentation in cells. We demonstrate that similarly to the wetting behavior of liquid 
droplets in contact with surfaces, different polymer aqueous phases in contact with membranes 
as a substrate can undergo complete to partial wetting transition [1]. We find that the degree of 
wetting is characterized by a hidden material parameter - the intrinsic contact angle, which can 
be determined from effective contact angles observed by optical microscopy [2]. Upon osmotic 
deflation of vesicles enclosing two aqueous phases that partially wet the membrane, one can 
observe vesicle budding [3] and/or tube formation [4] (see Fig. 1) depending on the competition 
between the spontaneous curvature of the membrane and the wetting properties of the aqueous 
phases [5]. Phase separation in the interior of vesicles can lead to stable and retractable 
membrane nanotubes, which is relevant for membrane area storing and regulation in cells. 

 

 
Fig. 1 Lipid membranes in contact with aqueous phases of polymer solutions can undergo 
wetting, budding, and tube formation processes. 

 
Literature: 

1. Li Y., Lipowsky R., Dimova R. 2008. Transition from complete to partial wetting within 
membrane compartments. J. Am. Chem. Soc. 130:12252-12253. 

2. Kusumaatmaja H., Li Y., Dimova R., Lipowsky R. 2009. Intrinsic Contact Angle of Aqueous 
Phases at Membranes and Vesicles. Phys. Rev. Lett. 103:238103. 

3. Li Y., Kusumaatmaja H., Lipowsky R., Dimova R. 2012. Wetting-Induced Budding of 
Vesicles in Contact with Several Aqueous Phases. J. Phys. Chem. B 116:1819-1823. 

4. Li Y., Lipowsky R., Dimova R. 2011. Membrane nanotubes induced by aqueous phase 
separation and stabilized by spontaneous curvature. Proc. Natl. Acad. Sci. USA. 108:4731-
4736. 

5. Dimova R., Lipowsky R. 2012. Lipid membranes in contact with aqueous phases of polymer 
solutions. Soft Matter 8:6409-6415. 



27th ECIS Conference  1 - 6 September 2013, Sofia, Bulgaria 

 1 

Controlled Size and Loading of Block Copolymer Micelles for 
Encapsulation 

J. G.J.L. Lebouille 1*, L.F.W. Vleugels 1, M.A. Cohen Stuart 2, F.A.M. Leermakers 2, R. 
Tuinier1,3 

1 DSM ChemTech, Advanced Chemical Engineering Solutions (ACES), PO Box 18, 6160 MD 
Geleen, the Netherlands 

2 Laboratory for Physical Chemistry and Colloid Science, Wageningen University, Drijenplein 6, 
6307 HB Wageningen, the Netherlands 

3 Van ‘t Hoff Laboratory for Physical and Colloid Chemistry, Debye Institute, Utrecht 
University, Padualaan 8, 3584 CH Utrecht, the Netherlands. 

* - jerome.lebouille@dsm.com 

We report on the formation of polymeric micelles in water using triblock copolymers with a 
polyethylene glycol middle block and various hydrophobic outer blocks prepared with the 
precipitation method [1]. Micelles form in a reproducible manner with a narrow size distribution. 
By comparison with self-consistent field calculations we find that the hydrodynamic size and the 
loading of the micelles are consistent with experimental findings [2]. This enables to design 
nanoparticles/micelles with defined size and loading that are able to encapsulate hydrophobic 
compounds [3]. 
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With the goal of producing smart hydrogels, magnetically alignable bicelles were embedded into 
a gelatin matrix, generating a temperature responsive magnetically switchable structure. This 
results in nanometer-scaled switches operable by an external magnetic field for the anisotropy 
conferred by bicelles as functional ingredient. Bicelles are a self-assembly structure based on 
phospholipids with a disk-like shape. The bicelles studied in this work were composed of 
DMPC, cholesterol and DMPE-DTPA with complexed lanthanide ions (i.e. Tm3+ or Dy3+) [1]. 
Magnetic alignment was caused by an anisotropic magnetic susceptibility Δχ of the 
phospholipids and the complexed lanthanide ions, leading to a preferred orientation of the 
molecular assembly parallel (with Tm3+) or perpendicular (with Dy3+) as shown in Fig. 1 with 
birefringence and SANS measurements conducted in a magnetic field. 

 
Fig. 1 Magnetically induced birefringence measurements (left) and SANS measurements in a 
magnetic field of 8 T (right) showing the different orientation direction of bicelles with Tm3+ and 
Dy3+. [2] 

The formation process of bicelles was investigated and optimized to yield a maximum magnetic 
alignment. The disk-like aggregates were preserved after embedding into gelatin and the 
magnetic orientation of the bicelles could be entirely fixed by gelation of the matrix. The 
resulting gel cubes showed an anisotropic transfer for electromagnetic waves, i.e. a different 
birefringence in all three orthogonal directions. Cycling through the melting point of gelatin set 
the bicellar alignment back to its isotropic state. 
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The aim of this research is to develop permeable shells that can act as ‘containers’ for certain 
chemicals. By manipulating the absorption and desorption behaviour of these shells one could 
release the contents of the shells in a controlled and localized way. These systems are for 
instance interesting for drug delivery purposes and for surfactant flooding, an enhanced oil 
recovery (EOR) technique, in which surfactants are used to reduce the interfacial tension 
between oil and water still remaining in the rocks.  

In our study, permeable monodisperse silica-siloxane shells are synthesized using a method that 
was developed in our group [1]. By labelling the shells with a fluorescent dye, the system can be 
monitored with Confocal Laser Scanning Microscopy (CLSM). Empty shells buckle in a dried 
state, but they remain spherical in presence of a fluorescently labelled liquid surfactant phase as 
a result of shell filling (Fig. 1). In preliminary experiments, the behaviour of these surfactant-
filled shells is examined at oil-water interfaces. Previous experiments have indicated that filling 
and emptying of oil-filled shells can be regulated by surfactants.  

 
Fig. 1: Confocal microscopy images of silica-siloxane shells in absence (left) and in presence 
(right) of a fluorescently labelled liquid surfactant phase.  
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First passage time theory is used to analyze the dissociation behavior of doublets of colloidal 
particles. The distribution of first passage times for particles interacting via, e.g., a DLVO 
potential is determined numerically. For strongly attractive particles the distribution becomes 
broad such that the mean first passage time becomes a poor measure of the first passage time 
dynamics. In spite of this, use can be made of the mean in a matching condition, which allows 
for reproducing first passage time distributions of strongly attractive doublets by an analytical 
solution for particles interacting only through surface adhesion. The smallest eigenvalue in the 
analytical solution, which governs the long-time asymptotic behavior of the first passage time 
distribution, is identified analytically for strongly attractive pairs of particles. In addition, in this 
limit, the first passage time distribution is shown to asymptote to an exponential distribution, 
which means that the dissociation process can be simply captured by a stochastic two-state 
model, without sacrificing the effect of the surface chemistry, with a constant probability for 
dissociation. This probability is simply related to the surface adhesive parameter and the 
separation distance at which the pair of particles ceases to be considered a doublet.  
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In solvent extraction, a concentrated solution of mixed salts is contacted with a reverse 
microemulsion. Some salts are selectively extracted. When mixed surfactants are used in the 
formulation of the microemulsion, “synergism” of yet unknown origin emerges: when, for a 
defined formulation of the solvent phase, there is an increase of distribution coefficients for some 
salts from a mixture. The origin of synergism is a mystery in chemical engineering because 
modelling implies complexation and not micellisation. In order to achieve predictive modelling, 
aggregation number, coordination numbers and complexation numbers must be distinguished. 

To determine the origin of this synergism, we determine free energy of co-assembly in mixed 
aggregates. Aggregation in any point of a phase diagram is followed not only structurally by 
SANS, SAXS and SLS, and also thermodynamically by determining the concentration of 
monomers coexisting with reverse aggregates. Using the industrially used couple HDEHP/TOPO 

forming mixed reverse aggregates, and the 
representative couple U/Fe1, we show that 
there is no peculiarity in the aggregates 
microstructure when the maximum of 
“synergism” is obtained. We compare for 
the first time the free energy of aggregation 
necessary to form mixed aggregates 
containing extracted ions in their polar core, 
and the free energy of extraction difference 
between target and non-target ions, as 
deduced from the synergistic selectivity 
peak.2 This allows us to propose a general 
mechanism at the basis of ion selectivity 
used industrially for metal recovery. 

 
Fig. 1 Aggregation and transfer energy correspondence in and out of synergism.   
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Carbon nanoparticles (CNS) are promising drug carrier particles and are also utilized for medical 
cell imaging. Here we investigate the effect of CNS on membrane stability. We study the 
translocation mechanism of CNS of different sizes through lipid bilayers. Various fullerenes 
serve as model systems for CNS. Using all-atom (AA) and coarse-grained (CG) Molecular 
Dynamics (MD) simulations, we calculated the free energy change when C60, C180, and C540 
fullerenes are transferred from bulk water to the interior of a dioleoylphosphatidylcholine 
(DOPC) bilayer. Upon entering the lipid bilayer, the larger fullerene (2.4 nm in diameter) causes 
local distortions in the bilayer surface, see Fig. 1, similar to distortions previously observed in 
carbon nanotube simulations. These local distortions, however, do not lead to any free energy 
barriers. From the free energy profiles we deduce spontaneous absorption of all three fullerene 
types. In contrast to these nonspecific single fullerene properties, extensive CG-MD simulations 
of fullerene rich lipid bilayers reveal substantial fullerene-size effects on the bilayer stability. We 
found that multiple fullerenes, irrespective of their size, self-aggregate within the bilayers. 
However, while the C60 aggregates have little effect on the bilayer structure, C540 clusters 
cause substantial membrane distortion. This membrane destabilization might have implications 
for potential cytotoxicity of CNS of sizes close to that of C540 fullerenes upon their uptake by 
biological cells. 

 
Fig. 1: Molecular Dynamics simulation of a C540 fullerene entering a lipid membrane. 
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Cells and their organelles are enclosed by biomembranes consisting of phospholipid bilayers, 
where biomolecules, such as cholesterol, membrane proteins, etc., are embedded. These 
molecules have different amphiphilic properties, and this variety affects the structure of 
biomembranes. From this point of view, this study shed the light on the effect of phospholipids 
with short-hydrocarbon chains on the structure in the mixture with normal phospholipids. On the 
analogy of surfactant mixtures, the molecular shape and phase separation of the molecules play a 
key role on the structural formation mechanism. Concerning the molecular shape, short-chain 
phospholipids are corn-like, that is, the cross section of the hydrophilic part is larger than that of 
the hydrophobic part, whereas normal phospholipids are cylindrical. This means that normal 
phospholipids and short-chain phospholipids tend to form bilayers and their rims in the mixture, 
respectively. In fact, the mixture spontaneously forms bilayered micelles (bicelles) with stable 
rims below the chain melting temperature of the long-chain lipid, Tc. On the other hand, the 
phospholipids tend to mix each other above Tc, because both of them are in disordered-phase and 
the phase separation becomes weak. Then, the rim of bicelles becomes unstable, they fuse each 
other, and transform into small unilamellar vesicles (SUVs). However, the behavior of short-
chain phospholipids on the SUV structure has not been investigated so far. 

In this study, the effect of the short-chain phospholipids on the SUV structure was investigated 
with taking the phase separation of phospholipids into account. With decreasing temperature 
from a value far above Tc, nanopore formation was enhanced on the surface of SUVs. 
Furthermore, a sequential transformation of small SUVs to small bicelles, small bicelles to large 
bicelles, and large bicelles to large 
SUVs occurred when the 
temperature approaching to the 
value slightly above Tc. By 
considering the bending energy of 
the membrane, the line tension of 
the rim, and the rim domain 
growth due to the phase 
separation, the mechanism of the 
nanopore formation and 
reconstruction of SUVs were 
clarified. 

 

Literature: 

1. N. L. Yamada, M. Hishida, and N. Torikai, 2009, “Nanopore formation on unilamellar 
vesicles of long- and short-chain lipids”, Phys. Rev. E 79: 032902. 

2. N. L. Yamada, 2012, “Kinetic process of formation and reconstruction of small unilamellar 
vesicles consisting of long- and short-chain lipids”, Langmuir 28: 17381. 

 

Fig. 1 Schematic illustration of nanopore formation and 
reconstruction of SUVs at the temperature jump. 
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Langmuir monolayers of amphiphilic block copolymers [1-2] represent a very interesting model 
case of soft matter confined systems since their thickness approaches the single molecule one, 
thus depicting the extreme case of confined environment, and since their dynamics are governed 
by few very specific interactions. 

However, the need of a liquid interface for their formation has made difficult their in situ 
characterization so far. The use of high brilliance synchrotron radiation sources may overcome 
this problem enabling to study the structural reorganization of such systems during the spreading 
and the eventual compression. 

Here we report a full in situ characterization of a model weakly amphiphilic block copolymer, 
polystyrene-b-polymethylmethacrylate (PS-PMMA), which is known to form characteristic quasi 
2D surface micelles when spread at the air/water interface [3]. Langmuir monolayers of PS-
PMMA were studied directly at the air/water interface by means of Grazing Incidence X-Ray 
Scattering (GISAXS) and X-Ray Reflectivity (XRR) at ID10 beamline of the European 
Synchrotron Radiation Facility. Three different macromolecules, bearing three different relative 
block lengths, were characterized. As expected the interfacial behaviour of the polymer, 
especially in terms of collapse pressure and compressibility, was observed to be strongly 
dependent on the chemical composition but all the three macromolecules showed the same, 
unique, phase transition at 12 mN/m.  

The X-Ray data were also different for the three macromolecules since GISAXS was observed to 
be more sensitive to the PS blocks while XRR gave more intense signal for macromolecules 
bearing longer PMMA blocks. The GISAXS pattern confirmed the presence of surface micelles 
with minor structural changes during compression. XRR showed instead a more gradual 
transition toward more dense films with increasing the surface pressure and, in addition, a sharp 
PMMA structural transition at the surface pressure corresponding to the observed phase 
transition. Finally, by developing a new fitting model taking into account the peculiar 
nanostructure of these monolayers (namely, micelles scattering density, height, size and 
coverage density), it was found that XRR data were also influenced by the packing, upon 
compression, of the PS blocks. 
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Lateral compression of a surfactant monolayer at an air-water interface increases its surface 
density and reduces the surface tension. Compression is possible until a certain threshold, below 
which the monolayer becomes unstable at the interface and collapses. For homogeneous 
monolayers, collapse has been characterized to proceed via wrinkling (buckling) followed by 
folding into bilayers. For monolayers separated into coexisting phases, the mechanism of 
collapse is not fully understood. The effect of phases in monolayer stability, the sites for 
formation of bilayer folds, and the distribution of phases between the monolayer and the folds, 
remain unclear. 

In this work, we used computer simulations to investigate collapse of lipid monolayers with 
coexisting phases. This is important for understanding the role of lateral organization in the 
function of biological membranes, and is directly relevant for the regulation of surface tension by 
lung surfactant. Molecular dynamics simulations with the coarse-grained force field MARTINI 
were employed to achieve large length (~80 nm) and time (tens of microseconds) scales. Lipid 
mixtures containing saturated and unsaturated lipids and cholesterol were investigated under 
varying surface tension and temperature. We reproduced the coexistence of LE and LC phases, 
and Lo and Ld phases, and simulated formation of bilayer folds on monolayer collapse (Fig. 1). 
We investigated the properties of monolayers connected to bilayers at and below the equilibrium 
surface tension. Domains of LC phase increase the monolayer stability; bilayer folds nucleate in 
the LE phase. Domains of Lo phase with spontaneous curvature reduce the monolayer stability; 
bilayer folds nucleate in the Ld phase close to phase boundary. Percolation of LC domains slows 
monolayer collapse below the equilibrium surface tension. 

 

Figure 1. Lipid monolayers with coexisting phases connected to bilayer folds,  
top and cross-section view. 
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To study the behaviour of polyelectrolyte/surfactant mixtures is important because of their 
industrial, technological and domestic applications. To understand their behavior different 
techniques are used at the interfaces, such as surface and interfacial tension, dilational and shear 
rheology, ellipsometry, and in the bulk, methods such as DLS and zeta potential measurements.  
The properties of polyelectrolyte/surfactant mixtures and effect of different solution conditions 
like effect of surfactant chain length, effect of ionic strength, pH and temperature are studied so 
far mainly at the water/air interface. In contrast, there are only very few works dedicated to the 
adsorption of these systems at the water/oil interface, in particular at the water/hexane, octane or 
hexadecane interfaces [1]. These works also include investigations of the influence of chain 
length of sodium alkyl sulphates to the adsorption of polyelectrolyte/ surfactant mixed systems 
[2]. That is why the present work is devoted to the study of interfacial tension and dilational 
rheology of polyallyl amine hydrochloride /sodium dodecylsulphate mixtures at the 
water/tetradecane interface with and without adding of salt. Also DLS and zeta potential 
measurements were carried out for the same systems. 

The results shows that with added salt the polyelectrolyte/surfactant mixtures becomes more 
surface active which can be seen in the interfacial tension isotherm measured at the 
water/tetradecane interface. The values of dilational reology for the polyallyl amine 
hydrochloride/sodium dodecyl sulphate mixture with salt are higher than for those without salt. 
This indicates a strengthening of the Rehbinder structur-mechanical factor which means a 
significant strengthening of the mixed interfacial adsorption layers built up by surfactants and 
polyelectrolyte.   
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Surface freezing (SF) is the phenomenon of the two-dimensional condensed film formation at 
liquid surface at temperature Ts which is a few degrees above the bulk freezing temperature Tb. 
Deutsch et al. have claimed that liquid alkanes with 16~50 carbon atoms and alkanols with 
10~28 ones exhibit SF phenomena.1 In this study, we aim at discussing the miscibility of 
molecules at the surface of the binary liquid mixture of hydrocarbon and fluorocarbon 
compounds from the viewpoint of the mutual interaction between the film forming molecules. 
We employed two kinds of mixtures; 1-perfluorooctyl decane (F8H10) – octadecane (C18) and 
6-perfluorohexyl hexanol (F6H6OH) – 1-dodecanol (C12OH) mixtures. 

The surface tensions (γ) of these mixtures were measured as a function of temperature (T) and 
composition of the second component (C18 and C12OH) in the liquid mixture (x2) under 
atmospheric pressure. X-ray reflectivity (XR) measurement was performed at BL37XU in 
SPring-8 as a function of scattering vector along the interface normal Qz.  

The γ vs. T curves of pure C18, F8H10, and C12OH systems except the one of F6H6OH show a 
sharp break point at Ts corresponding to the surface liquid (SL) – SF phase transition. The 
entropy of surface formation Δs and the electron density profile showed that C18 and F8H10 
molecules form SF monolayer and C12OH ones form SF bilayer stabilized by the hydrogen 
bonding between OH groups facing each other through water molecule intercalated in between 
them.  

In the F8H10 � C18 system, the estimation of surface composition suggested that both 
components are more miscible in the SL layer than in the SF layer. The SL layer is enriched in   

F8H10 with lower surface tension than C18 compared to bulk liquid. 
The excess entropy of the surface sσ,E at high x2 is negative due to the 
domain formation of F8H10 at the surface. In case of F6H6OH�
C12OH system at high x2, SL layer is enriched in F6H6OH than bulk 
liquid. The negative sσ,E value in SL layer also suggests that 
F6H6OH molecules form domain at the surface. Furthermore, the 
surface composition and electron density profile (Fig.1) indicated 
that a small amount of F6H6OH mix with C12OH in the SF bilayer 
in which F6H6OH molecules preferentially exist in the upper layer of 
the bilayer.  
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Lyotropic lamellar phases are ubiquitous in the high concentration range of binary 
surfactant/water mixtures. The present contribution shows that the formation of lamellar phases 
is not exclusive to alkyl chain based surfactants with a well-defined amphiphilic structure but 
can also be obtained with metala-carborane clusters, described previously as theta-shaped 
amphiphiles. As for classical surfactants the lamellae formed can exist both in the liquid and in 
the solid states depending on temperature. It was concluded from the 2D molecular arrangement 
in the lamellae that the formation of intermolecular hydrogen bonds, such as -C-Hδ+…δ-H-B-, is 
the driving force in the lamella formation. This property leads to a peculiar monomolecular 
structure of the lamella in comparison to the common bilayer structure, encountered with 
phospholipids in cell walls, which originates from the hydrophobic effect. This monomolecular 
structure, reminiscent of the structure of clay sheets, also constitutes the wall of the vesicles 
formed in the diluted regime as it was highlighted previously.1 

 
Fig. 1 Structure of the lyotropic lamellar phase formed by di-iodo-cobalta-bis-dicarbollide anion 
in water 
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Functionalised Complex Coacervate Core micelle (C3M) consisting of a crosslinked core 
surrounded by a soluble shell were developed to be used as diffusional nanoprobes. The core 
crosslinked micelles were first formed by electrostatic interactions between poly(ethylene oxyde-
methacrylic acid) (PEO-PMAA) and fluorescently labelled poly(allylamine hydrochloride) 
(PAH) and then the core was irreversible crosslinked through amide bonds. The resulting 
diffusional nanoprobe is 15 nm in radius and stable against factors that could influence its 
stability such as ionic strength and pH. The diffusion of the fluorescent micelles was measured in 
xanthan solution using Fluorescent Recovery After Photobleaching (FRAP), giving information 
about the structure of xanthan in solution. This result provides a promising example of the 
application of these fluorescent micelles. 
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We developed a new class of stimulus-responsive, biologically produced block polymers that can 
self-assemble into filamentous structures [1]. In this contribution we present experimental work 
on the surface-induced association behavior of ‘silk-collagen’ triblock copolymers. These have a 
structure CShShC where C stands for a hydrophilic collagen-based part of 198 amino-acids long, 
rich in glutamine, arginine and serine, and S for a silk-based part that consists of 24 octapeptide 
repeats GAGAGAGX, where the X position is taken by histidine (h). In bulk solution, at pH-
values above the pKa of histidine (6.5), the silk block is uncharged and folds into compact so-
called β-rolls, while the polymers self-assemble into filaments [2,3]. We show that the presence 
of a negatively charged silica surface modulates and accelerates the molecular assembly process. 
Within a narrow window of solution pH values below the pKa of histidine, surface grown 
filamentous structures were found using atomic force microscopy (Figure 1). Fibrils start to form 
on the surface within a very short period of time implying that the surface provides nucleating 
sites for the growth. Fibril length, morphology and surface population were found to depend on 
solution pH, polymer concentration and ionic strength. We propose a mechanism for the surface-
induced self-assembly process that may render insight to the fundamentals of fibril formation. 

 
Fig. 1 Surface-grown protein polymer fibrils on silica at (a) pH 4, (b) pH 5 and (c) pH 6; ionic 
strength 2.5 mM. 
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The design of biocompatible polyelectrolytes complexes (PECs) is a promising strategy for in 
vivo delivery of biological macromolecules, such as proteins and DNA. Particularly, the 
condensation of DNA by polycations (with the formation of the so called "polyplexes") received 
considerable attention for its potential in gene delivery applications, where the development of 
safe and effective non-viral vectors remains a central challenge [1]. Among polymeric 
polycations, chitosan has recently emerged as a suitable material for the preparation of non-viral 
gene delivery vectors [2]. There has been recently a significant research effort aimed at 
understanding the general aspects of the PEC formation and the influence of the polycation 
valence, degree of polymerization and polydispersity, theoretical phase diagrams for polyanion-
polycation complexes have been calculated [3]. Despite the significant efforts, a comprehensive 
theory for the complex phenomenology has not been developed yet, probably  due to the fact that 
most experimental studies focused on empirical attempts to design "optimal" carriers (in terms of 
some biological effect), paying scant attention to the systematic study of the complexation 
process and to the comparison with theory. In this study, we investigate the  aggregation 
behavior of Chitosan-DNA complexes in different conditions, by considering Chitosan of 
different degree of polymerization, by a combined  study using Dynamic Light Scattering, 
Electrophoresis, Atomic Force and Scanning Electron Microscopy. We compare the results with 
the existing models for the complexation of oppositely charged polyions and show that they 
represent a consistent "frame" for the different observations reported in the literature that 
previously appeared uncorrelated, and that they can hence be used as a guide to the rational 
design of new and more efficient polycation-based vectors, for an effective delivery of genetic 
material. 

Fig. 1  AFM image of the “Tadpole” complex formed at Chitosan excess. 
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Despite extensive studies with many experimental techniques, the morphology and structure of 
the self-assembled aggregates of quaternary alkyl ammonium bromides (CnTABs) at the solid-
liquid interface remains controversial.  

Using a home-built liquid cell that employs the “bending mica” method, we have performed 
unprecedented synchrotron X-ray reflectometry (XRR) measurements to study the adsorption 
behaviour of a CnTAB series (n = 10, 12, 14, 16 and 18) at the mica-water interface at different 
surfactant concentrations.[1] We find that our XRR data cannot be described by surface 
aggregates such as cylindrical and spherical structures reported by AFM studies. In addition we 
have observed that the bilayer thickness, surface coverage and the tilt angle all depend on the 
surfactant concentration and surfactant hydrocarbon chain length n, and that the bilayer thickness 
reaches a maximum value at approximately the critical micellisation concentration (~ 1 cmc) for 
all the CnTABs investigated (cf. Fig. 1).  

We propose that CnTABs form disordered bilayer structures on mica at concentrations below 
cmc, whilst at ~ 1 cmc they form more densely packed bilayers with the tails possibly tilted at an 
angle θt ranging from ~ 40 – 60o with respect to the surface normal in order to satisfy the 
packing constraints due to the mica lattice charge, i.e. so that the cross-section area of the tilted 
chain would match that of the area of the lattice charge (As ≅ 46.8 Å2). As the surfactant 
concentration further increases, we find that the bilayer thickness decreases due to desorption of 
surfactant molecules as described by an Evans-Wennerström’s model.  

In light of our XRR results, we suggest that the surface aggregates observed by AFM could be 
induced by the interaction between the 
scanning probe and the surfactant layer, thus 
representing transient surface aggregation 
morphologies; whereas the CnTAB bilayers we 
observe with XRR are intrinsic structures 
under quiescent conditions. The suggestion of 
such quiescent bilayers will have fundamental 
implications to processes such as lubrication, 
self-assembly under confinement, detergency 
and wetting, where the morphology and 
structure of surfactant layers at the solid-liquid 
interface is an important consideration.  
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Fig. 1 Under quiescent conditions, CnTAB 
surfactants form disordered or tilted bilayers 
with a maximum layer thickness at ~ 1 cmc. 
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Polyhedral oligomeric silsesquioxanes (POSS) have attracted considerable attention over the last 
years because of their unique hybrid properties. POSS compounds have found numerous  
applications in various fields ranging from medicine to chemistry. These three-dimensional 
molecules of nanometric sizes can be easily modified, thus featuring attractive properties as 
nanofillers, in sensor systems, fuel cells, in homo- and heterogeneous catalysis, in coating 
technology [1]. While numerous silsesquioxane-based applications are emerging, most of them 
are focused on materials synthesis and surprisingly very little is known about the interfacial 
properties of these materials. However understanding interfacial properties of POSS is required 
for their future applications for example as nanofillers, in electronics, in medical hybrid materials 
or in coating technology. While open cage-POSS can be regarded as a novel Langmuir 
monolayer model, closed cage silsesquioxanes have not been widely studied in this area. 
Therefore there are rationales for study of fully condensed silsesquioxanes in Langmuir 
monolayers. In this study we present the properties of  tetrakis({1,1,2,2,3,3,4,4-
octafluoropentyloxypropyl}dimethylsiloxy))tetrakis{2-trimethoxsysililoethyl} 
dimethylosiloxy)octasilsesquioxane (POSS 4:4) in pure and mixed Langmuir monolayers. The 
surface pressure-area isotherms, Brewster angle microscopy, surface potential were used to 
determine the interfacial properties of the silsesquioxane at the air/water interface . Moreover, 
the dilational  viscoelasticity of the monolayers was investigated by oscillating barriers method. 
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Polyoxometalates (POMs) are a family of nanosized metal-oxygen polyanion clusters with 
diverse composition and topology exhibiting interesting applications. To combine the functional 
features with their dispersivity, porosity, size controllability, and biocompatibility, POMs were 
tried to organize into various media and/or carriers. However, it is often difficult to incorporate 
POMs into organic materials in a well defined way. Since organic components bear excellent 
merits for self-organization in soft materials systems such as surface and solution, while 
inorganic components display stable functions, it is significant to combine them into one 
building unit through covalent and non-covalent approaches. Due to the intrinsic anionic feature, 
the counterions of POMs can be replaced by cationic organic amphiphiles through electrostatic 
interaction, generating organically-modified POMs. In most cases, the formed supramolecular 
complexes possess precise aggregation structure of reverse micelles, where the inner core of 
water is occupied by POMs. This kind of hybrid supramolecular reverse micelles exhibit 
fantastic self-assembled properties because of the structural uniformity, changeable morphology 
and amphiphilicity, which demonstrate an important and a simple route for tuning the 
organization of POMs in different chemical environments. By grafting photoactive groups such 
as azobenzene derivatives into inorganic and/or organic components, we can obtain 
photosensitive hybrid supramolecular complexes. With such a strategy, we successfully realized 
several interesting reversible transformations, such as between fibrous and spherical self-
assembled structures,1 assembly and disassembly through photo-irradiation.2 In addition, we 
carried out a photocontrolled reversible phase transfer of hybrid supramolecular complexes from 
organic phase to aqueous solution toward an automatic separation of catalyst and recycles. We 
also apply the photochromism of POMs for chiral generation and extinction,3 and the smart 
reversible transformation from helical to spherical assembled structures of achiral complexes. 
All these results indicate that the supramolecular reverse micelles represent a new type of soft 
amphiphiles with full properties but beyond functionalities of general amphiphiles.  
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Quartz Crystal Microbalance (QCM) is commonly used to study sensor devices because of its 
high sensitivity, durability and linear response to the mass of the target materials. 
Characterization and drug uptake properties of lbl films by QCM-D were reported only scarcely 
[1-2]. In this study, it was aimed to determine the formation of layer-by-layer (lbl) blend film 
and their drug uptake properties in terms of different types of polyelectrolytes, blend 
composition, lbl deposition conditions. Here, the determination of blend film composition of lbl 
assembled multilayers by QCM-D and UV-vis was also reported as a novel approach. 
Furthermore, the adsorbed mass and thickness of lbl films were calculated using Sauerbrey 
equation. For this purpose, 10 bilayered polyelectrolyte blend films were prepared from highly 
and weakly charged polyelectrolytes. Polyvinylamine hydrochloride (PVA), polyallyamine 
hydrochloride (PAH) were used as cationic polyelectrolytes while polystyrene sulfonate sodium 
salt (PSS), polyvinyl sulfate potassium salt (PVS) or mixtures of PSS and PVS were applied as 
anionic polyelectrolytes in different ratios (25/75, 50/50 and 75/25). Ibuprofen-sodium salt (IBF-
Na) was used as a model drug compound. A schematic representation of lbl blends multilayer 
formation is given in Fig.1. From the results, it was found out that pure PAH/PSS adsorbed 
higher on the gold crystal than that of PAH/PVS at pH 1.8. Similar results were observed with 
the system that PVA was used as a cationic polyelectrolyte. The adsorbed mass values in the 
blend lbl films were found to be in the range from 335 to 1752 ng while the drug uptake values 
for pure and blend films were between 390 and 1910 ng. Interestingly, the drug uptakes of lbl 
blend films were found to be higher than those of pure films. This may be attributed to a rougher 
surface and a more porous structure of blend films. In summary, QCM-D studies clearly showed 
that the lbl films can be succesfully fabricated via alternating deposition of polyelectrolytes and 
drug uptake properties can be finely tuned by choosing appropriate lbl deposition conditions. 

 
Fig. 1: A schematic representation of lbl blends multilayer formation. 
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The hydrophobin (HFBII) is an amphiphilic protein that can irreversibly adsorb at the air/water 
interface. The formed protein monolayers can reach a state of two-dimensional elastic solid that 
exhibits a high mechanical strength. The pendant-drop method and Langmuir trough are applied 
to investigate the characteristic relaxation times and surface dilatational elasticity, Edil, of HFBII 
adsorption layers [1]. The experimental data for the relaxation time suggest that the adsorption 
rate is determined by the balance of two opposing factors: (i) the barrier to detachment of protein 
molecules from bulk aggregates; (ii) the attraction of the detached molecules by the adsorption 
layer due to the hydrophobic surface force. At lower surface pressures all experiments give close 
values of Edil that are increasing with the rise of surface pressure. 

 
The surface shear rheology of viscoelastic HFBII adsorption layers is studied by means of a 
rotational rheometer in angle-ramp/relaxation and oscillatory regimes. In angle ramp regime, the 
experimental data comply with the Maxwell model of viscoelastic behavior. The surface shear 
elasticity, Esh, and viscosity, ηsh, are determined as functions only of the shear rate from the fits 
of rheological data [2]. In oscillatory regime, the storage and loss moduli depend on the rate of 
shear strain in a quasi-linear regime. At large amplitudes the Lissajous plot is not an ellipse and 
the Fourier expansion of the measured torque contains two or more odd modes [2]. Our analysis 
of data in both angle-ramp and oscillatory regimes revealed that the rheological behavior of the 
system obeys a combined Maxwell-Herschel-Bulkley model. The quantities, Esh, ηsh, and the 
frequency of the system’s response νsh = Esh/ηsh, are universal functions of the rate of strain. A 
complete agreement between the results obtained in the two different kinetic regimes has been 
achieved in a wide range of the shear rates [2]. 
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The effect of the structural and chemical features of the heagroup on the thermal behavior of 
surfactants is studied through the analysis of the phase diagrams of binary mixtures of ascorbyl-
alkanoates. These amphiphiles carry a polar head group of L-ascorbic or D-isoascorbic acid 
directly linked to a fatty acid chain (see Fig. 1, left). In particular we studied the binary mixtures 
composed of: 

• L-ascorbyl-dodecanoate (L-ASC12) and D-isoascorbyl-dodecanoate (D-ASC12) 

• L-ascorbyl-octanoate (L-ASC8) and L-ascorbyl-heaxadecanoate (L-ASC16). 

The phase diagrams show the presence of two eutectics and a molecular compound in the first 
mixture,1 while the second system produced two eutectics and a peritectic point (see Fig. 1, 
right). 

In order to determine whether the different behavior is due to the chain length difference or to 
the headgroups, we acquired the phase diagram also for the octanoic acid + hexadecanoic acid 
system. The results, supported by DSC, FTIR, optical microscopy and WAXD data, indicate that 
the specific thermal behavior is mainly due to the peculiar structural and chemical properties of 
the headgroups, and in particular to the presence of intermolecular hydrogen bonding that 
involve the ascorbyl rings.  

 

 
Fig. 1 Left: Structure of ascorbyl-octanoate. Right: Phase diagram of L-ASC8 + L-ASC16. 
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The Hofmeister effect on the adsorption at liquid surfaces and the micellization of ionic 
surfactants is studied. Models are presented for the effect of the counterion on the adsorption 
parameters (water|gas or water|oil interface) – adsorption constant, actual area of an adsorbed 
molecule, second virial coefficient and Langmuir’s spreading pressure of the liquid expanded 
monolayer [1-3]. The models are based on a quantity called ion-specific adsorption energy ui0, 
which is related directly to the basic ion characteristics (crystallographic and hydrated ionic 
radii, polarizability, ionization potential), and is a measure of the intensity of the ion-surface 
dispersion and hydration interactions [1]. The value of ui0 is calculated for several counterions 
without using any free adjustable parameters. This thorough analysis revealed the dependence of 
the adsorption on the medium (nature and composition of the hydrophobic phase) and on the 
surfactant structure (hydrocarbon chain length, nature of the counterion). Extensive comparison 
of the theoretical results with tensiometric experimental data demonstrated the applicability of 
the theoretical model. The universality of the concept for ion-specific adsorption energy is 
further demonstrated by considering the role of the Hofmeister effect on critical micelle 
concentration [2]. The model was generalized to adsorption and micellization of ionic surfactants 
in the presence of mixture of counterions [2,3]. Comparison is made with the ion-specific effects 
observed with the surface properties of concentrated inorganic electrolyte solutions. This reveals 
the very different physical origin of the latter Hofmeister effects which are largely controlled by 
the ion-specific bulk solution properties [4]. Thus the specific value of the surface tension of 
solutions of various simple electrolytes seems related to the mean activity coefficients, and the 
specificity of Δχ-potential is originating from the dielectric permittivity decrement in 
concentrated solutions [4]. 
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Langmuir monolayers have been widely employed for the ordering of nanoparticles in 2D 
colloidal crystals and patterned colloidal assemblies. However, the controlled fabrication of 2D 
open structures such as fractal and percolated 2D nanoparticle networks (NNTs) remains a 
challenging issue for this area of research.  

We use substrate-mediated condensation of Langmuir monolayers on aqueous colloids to suggest 
a new, simple and inexpensive method which makes it possible to generate 2D nanoparticle 
networks as well as other colloidal morphologies over large areas.[1]  In this method, the planar 
assemblies of nanoparticles are formed via cooperative process of colloid-induced “cooling” of 
the mixed monolayer of fatty surfactants followed by a formation of colloidal gel-like structures 
on a surface of hydrosol. We used catanionic mixtures of surfactants, for which the interactions 
between oppositely charged surfactants are much stronger than those between surfactants and 
solids. The adsorption of anion-stabilized nanoparticles on such monolayers increases the 
intermolecular interactions and leads to a rapid condensation of surfactant mixture. This process 
promotes an aggregation of adsorbed nanoparticles into 2D gel-like networks or other arrested 
phases within rigid organic phase, which acts as a chemically inert dispersion medium. The 
substrate-mediated self-assembly allows the formation of 2D open structures with widely 
varying compositions, which can comprise either individual or mixed colloids of different 
chemistry. The as-formed assemblies can be further transferred onto various planar solids via dip 
coating. 

The same approach was used in formation of photosensitive hybrid system comprising 
conducting monolayer of polymerized amphiphilic diacetylenes and AuNPs. The mixing of 
cationic and anionic diacetylenes yielded defect-less, extended coverages of stable red form of 
the polymer upon UV-irradiation. The polymerization of the monolayer on the surface of gold 
hydrosol gave condensed, uniform and conducting polymeric film, arresting non-aggregated 
nanoparticles at the distances comparable to the size of AuNPs. Such hybrid 2D assemble also 
exhibited a resonance-enhanced absorption of visible light and an increase in conductivity upon 
light irradiation.  

We believe that substrate-mediated self-assembly offers a new route for to generate 2D 
structures from various starting materials and it provides an opportunity for a deeper insight of 
the interfacial phenomena related to the metastability of the ultrathin films at the air/water 
interface. 
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Pool fires of fuels, organic solvents or meltable plastics are exceedingly dangerous and 
demanding for firefighters and due to the burning liquids involved such fires are a particular 
challenge for the fire defense. The most effective means for fighting such fires are special 
extinguishing foams, which spread on the surface of the burning apolar material, forming an 
aqueous film (aqueous film forming foams, AFFF).  
Until today, without exception the currently available AFFF contain polyfluorinated surfactants 
(PFT), which are seen to be indispensable as film formers but which are also non-biodegradable 
(persistent), possibly accumulate in the ecosystem (bioaccumulative) and are suspected to have 
toxic effects. For these reasons, the application of perfluorooctane sulfonate (PFOS) in AFFF, 
which had been much used in the past, was prohibited.  
But also the currently used substitute surfactants still contain fluorine and are not harmless. As a 
consequence, some AFFF applications led to remarkable contamination of the soil and 
groundwater and the local drinking water abstraction had to be partially suspended.  
Our research aims to develop new eco-friendly and non-toxic high performance surfactants to 
substitute the fluorinated compounds in AFFF. 
With respect to their physicochemical properties only siloxane amphiphiles could serve as 
possible substitutes for the above mentioned critical per- or polyfluorinated surfactants. 
However, in experiments it turned out that the commercially available surfactants of this type are 
unsuitable to serve as AFFF: their aqueous solutions did not form water films on the surface of 
fuels.  
To overcome this situation we synthesized, characterized and tested over thirty new siloxane 
amphiphiles based on carbohydrate substituted siloxane derivatives. A number of these new 
compounds are very effective as film formers and proved their effectiveness in first 
extinguishing tests. 
We will discuss the structures, synthesis and properties of the new superspreading amphiphiles.  

 

     

     

Figure 1: a) – c) Demonstration of the film formation of an aqueous solution containing one of the new 
siloxane surfactants as film forming component on cyclohexane as model fuel (AFFF solution 
colored for better visibility); d) – f) fire extinguishing test on jet fuel (JP-8) with the new AFFF.  

a) b) c)

d) e) f)
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Despite the increasing importance of charges in colloidal dispersions based on nonpolar liquids 
for practical applications and fundamental research, their origin, nature and behavior is not yet 
completely understood. The most widely (but not generally) accepted view is that in mixtures of 
a nonpolar liquid with surfactant, inverse micelles act as charge carriers. A lot of research is still 
needed to support this view, and to gain a fundamental understanding of the electrical properties 
of inverse micellar solutions. In this contribution, we discuss transient current measurements as a 
valuable technique for the characterization of charged inverse micelles in nonpolar liquids, and 
we illustrate how they can be used to study a large number of properties, such as the 
concentration of both neutral and charged inverse micelles, their mobility, size, aggregation 
number and valency, and their behavior and generation in the bulk and at surfaces. 

 

Fig. 1 Schematic overview of a transient current measurement on a layer of nonpolar liquid with 
surfactant, and some typical experimental results. 
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Solid-liquid and liquid-liquid interfaces are usually charged, due to specific ion adsorption, 
differential ion solubility or surface group ionization. Electrostatic charging at gas-solid and gas-
liquid interfaces is also often observed but reproducible experiments are rarely described in the 
literature and the intervening mechanisms are still being debated. Recent results from this 
laboratory (1,3)  on the formation and stability of charges at interfaces involving gases shows 
that water vapour adsorption plays a major role in imparting and abating charges at interfaces. 
For instance, water adsorption on acidic surfaces contributes negative charge while on base 
surfaces it contributes positive charge, as shown in Figure 1. On the other hand, water adsorption 
largely decreases excess corona or tribocharges at interfaces, also due to ion partition. 

 

Fig. 1 Electric potential images of SDS (top) and partly hydrated CaO (bottom) exposed to low 
and high relative humidity. 
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We study the behaviour of monodisperse silica particles at oil-water interfaces by microscope 
observations. Particles of different sizes and/or hydrophobicity and their mixtures have been 
spread at the liquid interface to give one- or two-component particle monolayers. We have found 
that binary mixtures of large (3 µm diameter) and small (1 µm diameter) very hydrophobic 
particles form two-dimensional super lattices with different structure depending on the number 
fraction of small particles, f (Fig. 1a).1 A rich variety of two-dimensional hexagonal super-
lattices of large and small particles can be obtained in this system due to strong and long-range 
electrostatic repulsions through the non-polar oil phase. The structures obtained for the different 
compositions were in good agreement with zero temperature calculations and finite temperature 
computer simulations.  

Binary monolayers of large very hydrophobic and large or small hydrophilic silica particles at an 
octane-water interface have shown interesting selective attraction between very hydrophobic and 
hydrophilic particles.2 By tuning the composition and packing geometry of the mixed monolayer, 
we have found that a variety of two-dimensional hexagonal superlattices of mixed clusters are 
formed, stabilized by short-ranged electrostatic induced dipole interactions (Fig. 1b). The cluster 
structures obtained have been in excellent agreement with zero temperature calculations. Our 
results suggest that it should also be possible to obtain similar cluster structures for other types of 
binary monolayers ,e.g. metal-dielectric composites, with unique electromagnetic properties and 
potential applications in opto-electronics. 

 

a b

 

Fig. 1 Optical microscopy images of mixed silica particle monolayers at the octane-water 
interface. (a) A superlatice of large and small very hydrophobic particles at f  5/6. (b) A 
superlatice of mixed clusters of very hydrophobic (A) and hydrophilic (B) silica particles with 
composition AB6 (see inset). The scale bar is 25 µm. 
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 The background-subtraction procedure makes this possible to extract the electroacoustic signals of 
particular components from the overall signal in multi-component dispersions. A few years ago the 
background-subtraction procedure was used to determine the  potentials of metal oxides at electrolyte 
concentrations >1 M [1]. At low concentrations, the contribution of the electrolyte to the overall signal is 
negligible, but at higher concentrations, the background-correction is necessary. More recently, the 
background-correction was used to analyze the electroacoustic signal of dispersions containing various 
types of particles.  In  titania-alumina dispersions (at various pH) the behavior of the  potential of 
alumina particles was unaffected by the presence of titania particles and vice versa. In silica-alumina and 
silica-titania dispersions at neutral pH, mutual interaction between the particles of both components was 
observed. The overall signal is probably due to aggregates containing both types of particles, rather than 
to independent particles of individual components. 
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Electrostatic theories of electrolytes exemplified by the Poisson-Boltzmann model or the DLVO 
theory of colloidal interactions have been commonly employed to help understand the behaviour 
of colloids, supercapacitors or batteries. But in a purely electrostatic theory any distinction 
between ions of the same charge is lost. The measurement of real systems consistently reveals 
ion specific effects (also known as Hofmeister effects), particularly at salt concentrations 
exceeding 0.1M. In recent years we have built up a theoretical framework which aims to explain 
such ion specific effects. Our approach adds nonelectrostatic ion interactions such as ion 
dispersion forces alongside the usual electrostatic interactions of the ions. We have applied ab 
initio quantum chemical methods to build up a library of the relevant ion specific parameters, 
chiefly ion size and ion polarisability. 

Using these techniques we have explored the impact that ion specificity may have on 
supercapacitors. Our model uses graphite electrodes at constant potential in 1.2M Li salt 
dissolved in propylene carbonate. For the counterion we used the common battery anions, PF6

-, 
BF4

- and ClO4
- . We also investigated BrO4

- and IO4
- in order to form a regular Hofmeister series 

in the perhalate ions.  

Ion specificity was found when a potential difference was applied between the two electrodes. In 
a pure electrostatic model a potential V will be split evenly with a surface potential of +V/2 found 
at one electrode, -V/2 at the other. When nonelectrostatic interactions of the ions with each 
electrode are included in the total free energy of the two-electrode system, minimisation of the 
total energy leads to an asymmetric distribution of the potential difference, with ψ≠V/2 at the 
cathode, ψ-V at the anode. 

We found a corresponding asymmetry in the surface charge and the capacitance of each 
electrode. This asymmetry raises questions about the definition of capacitance of the two-
electrode supercapacitor or battery. 

 

 

 

Fig. 1 Supercapacitor energy as a 
function of graphite electrode potential 
in 1.2M Li+ salt with various 
counterions. 
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The electrophoretic retardation force originating from friction between a colloidal 
particle and charge carriers in the liquid is measured in a direct way [1]. The mobility of single, 
optically trapped particles is measured while depleting the charge carriers in the background 
electrolyte partially or completely with a small electric field (~0.01 V/µm). This situation is 
achieved in a nonpolar liquid where charged reverse micelles act as micellar ions. In such a way, 
by removing the charge carriers that form the diffuse part of the double layer, the ionic strength 
of the liquid around the trapped particle can be reduced continuously, essentially to zero. By 
measuring the particle mobility in the Hückel limit, in which the ionic strength is zero and the 
particle is propelled by the field only, the method allows direct measurement of the retardation 
force and the bare charge. The transition is measured from the equilibrium situation where the 
ionic strength is maximal to the Hückel limit where the ionic strength is zero, and the 
experimental results are compared to numerical calculations. By measuring the bare charge and 
retardation force, the method provides a direct way to experimentally verify the standard theory 
of electrophoretic retardation for nonpolar macro-ionic electrolytes. 

 

Fig. 1 (a) Schematic representation of a colloidal particle optically trapped at the mid-plane 
between two electrodes. The electrophoretic mobility is measured by applying an ac voltage VAC. 
In (b) the positively and negatively charged reverse micelles are completely or partially 
separated depending on the magnitude of the additional dc voltage VDC. 
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We propose a Density Functional Approach to calculate the structure, thermodynamic properties 
and phase transitions in the system of Janus particles at a single wall and confined in slit-like 
pores. The Janus molecules are modelled as spheres composed of a hydrophilic and hydrophobic 
part. Both lattice, as well as lattice-off models are considered. The results of theoretical 
predictions are compared with Monte Carlo data, as well as with the results of previous Density 
Functional calculations.1,2 Moreover, in the case of lattice-off model we investigate how the 
solvation force between two plates changes with fluid chemical potential, temperature and the 
strength of the interparticle interactions. We also present a theory that describes Janus particles at 
planar walls modified by tethered chain molecules.3 The pinned chains are treated as tangentially 
jointed spheres that can interact with fluid molecules via orientation-dependent forces. In this 
case we study the adsorption of the particles, focusing on the competition between the external 
field (due to the surface and due to attached chain molecules) and the interaction-induced 
ordering phenomena. 
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We have theoretically investigated the particle orientational and rheological properties of a dilute 
suspension composed of spindle-like hematite particles. This spindle-like hematite particle has a 
characteristic feature that the particle is magnetized in a direction normal to the major particle 
axis [1]. We have derived the basic equation of the orientational distribution function by taking 
into account the spin rotational Brownian motion about the particle axis [2] and this basic 
equation has been solved numerically. For a very strong magnetic field applied in the shear flow 
direction, the particle inclines in the direction normal to the flow direction. Also, the particle is 
restricted in a plane normal to the shearing plane due to the spin Brownian motion. Although the 
negative viscosity was observed in the previous study [2], in the present case these orientational 
properties of the particle give rise to positive viscosity. The viscosity becomes large with 
increasing magnetic field strength. In the case of an external magnetic field applied in the 
direction of the angular velocity of a simple shear flow, the particle inclines toward a plane 
normal to the shearing plane, while the magnetic moment is restricted in the direction of the 
magnetic field. For a strong shear flow, the particle inclines in the shear flow direction and does 
not rotate around the magnetic moment. The viscosity due to magnetic properties does not occur 
under the situation of the present magnetic field direction.     
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Fig. 1 Dependence of the viscosity on the 
magnetic field strength ξ for three cases of 
Peclet number (shear rate), Pe.  

Fig. 2 Orientational distribution function for Pe=5 and ξ=20; the particle has 
a stronger tendency to incline in a direction normal to the shear flow 
direction with the magnetic moment aligning in the magnetic field direction. 
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The dry-out after the evaporation of a droplet of nanofluids is of great interest since it is the 
consequence of several mechanisms including convection, wetting, fracturation and 
delamination. We investigate the role of each contribution in the final pattern by changing: - the 
humidity to increase or decrease the evaporation rate, the concentration to change the type of 
pattern observed, the substrate chemical nature to analyze the interaction between the substrate 
and the nanoparticles, the surface function groupment at the nanoparticles surface to quantify the 
role of nanoparticles-nanoparticles interaction on the final dry-out. 

 
 

Figs. 1 Droplets of 24 nm diameter of polystyrene dry-out – Left picture: different substrates and 
nanofluids surface functional charges – Right picture: Teflon substrate and different 
concentrations. 
 

We will present a summary of the driving mechanism leading to the dry-out of nanofluid droplet 
using quantitative example recently published or submitted for publication [1,2]. 

 

1. Brutin D., 2013, Influence of relative humidity and nano-particle concentration on pattern 
formation and evaporation rate of pinned drying drops of nanofluids, Colloids and Surfaces 
A, Vol. 429, pp. 112-120. 

2. Carle F., Brutin D., 2013, How surface functional groups influence fracturation innanofluid 
droplet dry-outs, Langmuir, submitted. 
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We present the short time dynamic transition of the liquid – crystal - glass transition. Applying 
dynamic light scattering (DLS) the short time dynamic function, D(q), has been determined from 
the intensity autocorrelation function, g2(q,t), at different concentrations in both the crystal and 
glass region. From D(q) the short time self diffusion, ds, was determined as a function of 
concentration. We found that ds speeds up in the crystal state but has very similar characteristics 
in the liquid and the glass region. The corresponding structure factor, S(q), will also be presented 
and we show similarity between the glass and the liquid. This investigation shows that the liquid 
– crystal and crystal-glass transitions can be identified in addition to the appearance or no 
appearance of Bragg peaks with the short time dynamics. However no sharp transition in the 
short time dynamics or S(q) can be found between the glass and the liquid. 
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The relationship between the shape of a colloidal particle and its Brownian motion can be 
captured by the hydrodynamic friction matrix. It fully describes the translational and rotational 
diffusion along the particle's main axes as well as the coupling between rotational and 
translational diffusion. We observed a wide variety of anisotropic colloidal particles with 
confocal microscopy and calculated the hydrodynamic friction matrix from the particle 
trajectories. We find that symmetries in the particle shape are reflected in the entries of the 
friction matrix. We compare our experimentally obtained results with numerical simulations and 
theoretical predictions. 

 

1. Daniela J. Kraft, Raphael Wittkowski, Borge ten Hagen, Kazem V. Edmond, David J. Pine, 
Hartmut Löwen, Brownian motion and the hydrodynamic friction tensor for colloidal particles of 
arbitrary shape (submitted) 
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The dynamics and structures of soft matter system with multiple charges have been attracting 
intensive research attention for decades. One of the most uniqueness is the multiple modes in the 
fluctuation dynamics, which should be originated from the long-range electrostatic interaction. 
However, a clear picture of such a complex dynamics is unclear, especially on its correlation 
with the structures. In this research, a systematic investigation into this problem has been 
performed by dual-color fluorescence correlation spectroscopy (FCS), taking charged colloids as 
the model system. The research consists of development of theory, Brownian simulation and 
FCS experiments.  

The theoretical basis of FCS for repulsive systems is further expanded and developed. The 
results of the theoretical analysis are further proved by Brownian simulation and most 
importantly, by the experimental observation. It is found that the collective correlation function 
can be divided into the self-part and the distinct-part. The former shows the self-diffusion of the 
objects while the latter describes the mutual interactions. Dual-color fluorescence cross-
correlation spectroscopy provides the direct measurements, from which these two parts can be 
separated. The particle concentration and the mean squared displacement of single particles can 
be derived from the self-correlation function while the correlation volume between particles can 
be approximately estimated from the cross-correlation function. The Debye length of the solution 
and the surface charge number of particles can be fitted from the cross-correlation function in the 
case of charged colloids.  

 

Fig. 1 The cross-correlation function of charged polystyrene colloids by dual-color fluorescence 
correlation spectroscopy. 
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Engineered nanoparticles are essential components in the development of nanotechnologies. For 
applications in nanomedicine, particles need to be functionalized to ensure a good dispersibility. 
In many cases however, functionalization is not sufficient. Particles dispersed in biological fluids 
become either coated by a corona of serum proteins or precipitate out of the solvent. In the 
present study, iron and cerium oxide particles of size 10 nm are put under scrutiny. These 
particles have important biological applicationsinmagnetic resonance imaging or regenerative 
medicine. As for living cells, murine fibroblasts, human lymphoblasts and macrophages are 
examined [1]. The interactions between oxide nanoparticles and cells are studied by electron 
microscopy (Figure 1) and flow cytometry. The previous studies were complemented by 
cytotoxicity assays.  
 

 
 
We first show that by changing the coating of oxide particles from citrate ligands to small 
carboxylated or pegylated polymers, the colloidal stability of the dispersion is improved and the 
adsorption/internalization towards living cells is profoundly affected. As shown by time-resolved 
light scattering, citrate-coated particles in cell culture media are spontaneously covered by 
plasmic proteins and destabilize, whereas the polymer-coated particles exhibit an outstanding 
dispersibility and a structure devoid of protein corona. As a result of their precipitation, citrate-
coated particles interact more strongly with cells. The present approach shows that the surface 
chemistry and coating of engineered particlesare the key parameters in the nanoparticle/cell 
interactions, and have moreover a strong impact on the toxicityand cell viability.  
 
Literature: 
[1] Galimard A, Safi M, Ould-Moussa N, Montero D, Conjeaud H, Berret JF.Thirty-femtogram 
detection of iron in mammalian cells. Small 2012;8:2036-2044. 
[2] Safi M, Courtois J, Seigneuret M, Conjeaud H, Berret J-F.The effects of aggregation and 
protein corona on the cellular internalization of iron oxide nanoparticles. Biomaterials 
2011;32:9353-9363 
 

Figure1:.Transmission electron 
microscopy image of 10 nm nanoceria 
internalized by murine fibroblasts. The 
vesicles on the right-hand side are 
endosmomes 
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Total internal reflection (TIR) Raman spectroscopy is a recent technique for studying the 
adsorption of surfactants, organic molecules, polymers, biological lipids and inorganic ions at 
solid-liquid interfaces.[1] The short penetration depth of the evanescent wave (typically ~100 nm) 
allows the discrimination of adsorbed species from those in the bulk. The combination of TIR 
Raman spectroscopy with chemometric analysis methods allows the acquisition of spectra in as 
little as one second even in multicomponent systems. A flow cell coupled to a continuous stirred 
tank allows the determination of complete adsorption isotherms in a few hours provided that the 
adsorption kinetics are sufficiently fast.  If the substrate of interest is transparent, it can be used 
as incident medium for the pump laser light and molecules of interest adsorbed directly onto the 
substrate. More generally, thin films of other materials, such as cellulose or haematite, can be 
deposited on an optical prism and adsorption studied at the interface of the thin film with a 
liquid. This paper will describe the principles of TIR-Raman spectroscopy and the experimental 
set-up, discuss the strengths and weaknesses of the technique, and illustrate the application of 
TIR-Raman spectroscopy with recent examples from our laboratory.   

spectrometer

 

Fig. 1 Schematic illustration of a hydrodynamic flow cell for total internal reflection Raman 
spectroscopy. 
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Osmosis, that is, the diffusion of solvent across a semipermeable membrane, has been a 
subject of investigation for more than a century. Although osmotic equilibrium is considered to 
be well understood from thermodynamic viewpoint and does not pose serious ambiguities, the 
dynamic aspects of the process frequently exhibit new and even surprising effects, which are 
difficult to explain within the frames of the traditional kinetic models. Such a non-trivial effect is 
the established in the present investigation maximum in the rate of solvent transferred through 
the membrane as a function of time, q(t). This dependence invariably takes the shape of a curve 
originating at the zero, with gradually increasing values reaching eventually saturation; the 
plateau at q(t) reflects the equilibrium state. In our experimental investigation we obtained 
q(t) dependences featuring S-shaped curves, passing through inflexion, equivalent to d2q/dt2=0. 
The experiments at varied concentrations confirmed the presence of maxima in the solvent 
transfer rates, whose heights increase with the solute concentration.  

The attempt to interpret such maxima led us to the hypothesis for the occurrence of 
certain polarization in the vicinity of the membrane, similar e.g. to the concentration polarization 
at electrolysis. The influx of solvent results in local dilution of the solution in the near-membrane 
space which generates reverse diffusion flow from the interior, aiming to level the 
concentrations. An essential assumption here is that the driving osmotic pressure is proportional 
to the local difference of the concentrations on either side of the membrane. In its turn, the near-
membrane concentration is equal initially to the mean concentration in the chamber space. 
Consequently, it decreases due to dilution, but eventually again reaches the mean concentration 
level at equilibrium. Such a passage through a minimum in local concentration we associate with 
the occurrence of the maximum in the rate of solvent influx. 
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Although flocculation has been studied for many years and the aggregate structures are 
understood as fractals, the different regimes of colloid aggregation are not always well-defined.  
Diffusion limited or reaction limited colloid aggregation of clusters is expected to give rise to 
mass fractals with characteristic exponents (dimensions) between 1.75 and 2.3.  In order to 
develop alternative water purification technology we have been investigating flocculents from 
seeds of Moringa oleifera trees [1, 2].  Scattering experiments (reflection and small-angle 
scattering) with neutrons provide valuable information about how the protein binds to impurities 
and how flocculation occurs.  New ultra-small angle neutron scattering experiments [3] have 
shown very dense clusters with dimensions between 2.4 and 2.95 when experiments are 
performed on concentrated dispersions.  Interesting changes are observed with both 
concentration of particles (polystyrene latex) and flocculents.  The increase in fractal dimension 
with concentration resembles some recently published simulations using Brownian dynamics [4].  
The results suggest how the water purification process may be optimised and extended to larger 
scale purification plants. 
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Fig. 1 Fractal dimensions of flocs obtained with (a) protein from two varietals of Moringa trees 
for various particle concentrations and (b) changes in fractal dimension with 3 wt% particles for 
different protein concentration. 
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Polymer adsorption to particles to enhance colloid stability has been studied extensively for at least the last 
five decades due the role of polymers in stabilising particles against aggregation. It is also well known that 
under certain circumstances polymers can also induce the aggregation of particles either by simultaneously 
adsorbing on two particles, bridging flocculation, or due to the presence of non adsorbing polymer giving 
rise to depletion flocculation. Serendipitously we have discovered that certain formulations where we have 
particles in a relatively high molecular weight polymer solution are perfectly stable for many days, giving a 
low viscosity solution, but on shaking a gel is formed, some of which can have the consistency of silicone 
rubber (see the photo’s below). On standing the gel relaxes back into the liquid state of the course of seconds 
to days, depending on the formulation. In searching the literature we found that  Zebrowski et al [1] has 
reported similar observations for the synthetic clay Laponite- Polyetheyleneoxide-water system, however we 
have observed that this phenomenon is rather more general and similar systems can be formed in other 
inorganic oxide particulate systems, although to date we have not found another polymer which will form 
such a gel. (We note here that some aspects of this behavior has previously been observed by Cabane [2]  
and Otskube [3] and their colleagues.) 

Initially attempts to monitor the formation of this gel under simple shear in a commercial rheometer were 
singularly unsuccessful, despite shearing at 1000s -1.However, we have found that in a rheometer shear needs 
to be applied for a very long time, up to 2 hours before over the course of 20 seconds a solid like gel is 
formed. This has enabled us to characterize the rheological and the relaxation properties of these intriguing 
formulations, and to propose a mechanism for their formation based around a model for the shear thickening 
behaviour of hydrophobically modified polysaccharide solutions.  

 

Figure 1 The formation of a shake gel, by simply shaking the formulation which then transforms from a 
viscous liquid to an elastic solid 

References 

1. J. Zebrowski V. Prasada, W. Zhang,  L.M. Walker  and  D.A. Weitz  2003. Shake-gels: shear-induced gelation of 
laponite-PEO mixtures, Colloids and Surfaces A: Physicochem. Eng. Aspects 213 189-197. 

2. Cabane B., Wong K., Lindner P., and Lafuma F.. 1997, Shear induced gelation of colloidal dispersions, J. 
Rheology, , 41, 531-547 

3. Otsubo, Y. and K. Watanabe,  Rheological behaviour of silica suspensions during bridging flocculation induced by 
shear, J. Colloid Interface Sci. 133, 491–49 



27th ECIS Conference  1 - 6 September 2013, Sofia, Bulgaria 

 1

Microstructure formation in freezing nanofluid droplets 
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Nanofluids consist in suspensions of nanoparticles with specific interfacial properties that 
can be tuned by the addition of surface active molecules. When submitted to fast temperature 
changes, like for example quenching in slushed nitrogen, nanofluids can present important 
artifacts as illustrated in figure (a) [1,2]. In this work, the freezing kinetics of nanofluid droplets 
consisting in a suspension of 15 nm diameter silicon oxide nanoparticles is studied. When 
surfactant free, these nanoparticles are soluble in water up to 300 g/L. The droplets have few 
microliters volume and are kept at the end of a hydrophobic capillary tip immersed in a pure 
hexane continuous phase. This system is maintained in the field of view of an optical microscope 
and cooled down to -40°C. A high resolution image grabber and a temperature regulated device 
finally give a straightforward access to the solidification kinetics.  
 

 
(a) Cryo-SEM image of a silicon oxide nanofluid after freezing in slushed nitrogen. The 
white pattern corresponds to nanoparticle microstructures. (b) and (c) freezing kinetics 
at two successive times at temperature T=-30°C. The black growing structure 
corresponds to propagating dendrites of frozen liquid. Time interval between the two 
images is 2.10-3 s and the field of view is 1 mm2.  

 
Depending on the silica nanoparticles concentrations and on the cooling rates (1 to 

5°C/min), under cooled regimes up to 25°C can be achieved. Well known thermodynamical 
conditions are then reached for the formation of nucleation germs that will trigger the freezing of 
the complete droplets. Freezing starts either nearby the capillary tip or at the droplet interface 
(see figures (b) and (c)). A first regime then shows up. It is fast (few milliseconds) and displays 
rapidly growing dendrites that will fill out the droplet with a typical velocity that depends on the 
concentration of nanoparticles. This first regime is followed by a slow one (about one second) 
where the residual liquid between the dendrites progressively solidifies. It corresponds to the 
regime where the latent heat is evacuated from the inner part of the droplet to its periphery. 
When increasing the temperature back above 0°C, the droplets melt and flocculated silicon oxide 
microstructures can be evidenced. 
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pH-Responsive microgels swell when the pH approaches the pKa of the polybase or polyacid 
chains. We introduce a simple and scalable method for preparation of pH-responsive PVAM 
microgels1. First, non-aqueous dispersion polymerization was used to prepare new monodisperse 
water-swellable poly(N-vinylformamide-co-2-(N-vinylformamido)ethyl ether microgels (PNVF-
xNVEE). Here, x is the mole% of the crosslinker (NVEE) used. Alkali-hydrolysis in water gave 
colloidally stable poly(vinylamine-co-bis(ethyl vinylamine) ether) (PVAM-xBEVAME) 
microgel dispersions. The hydrodynamic diameters and electrophoretic mobilities increased as 
the pH decreased (See Fig. 1). 
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Fig. 1 Variation of (a) hydrodynamic diameter and (b) electrophoretic mobility with pH. 
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Planar multi stimuli responsive PDMAEMA brushes from diblock copolymer Langmuir layers 
with varied grafting density were prepared by Langmuir-Schäfer transfer. Utilizing neutron 
reflectometry, NR, the brushes were analyzed at the solid-liquid interface in the temperature 
range 20 to 60 °C for hydrostatic pressures from 1 to 1000 bar. A novel theoretical model of the 
brush density profile as a function of grafting density σ, temperature T and hydrostatic pressure p 
was used to fit the experimental NR data. Within that model, temperature and pressure effects 
are described independently. Increasing temperature caused a continuous decrease of polymer 
brush thickness (cf. Fig. 1). The reason for this response of the brush is a hydrophobic coil to 
globule transition of the polymer chains. When crossing the lower critical solution temperature 
(LCST) the brushes collapse into a high density polymer layer near the grafting plane and a low 
density Gaussian tail towards the liquid fronting phase. The new analytical model intrinsically 
includes the observed vertical phase separation and yields the correct position of the LCST in a 
thermodynamically consistent way, exclusively based on structure data. Hydrostatic pressure is 
found to act perfectly antagonistic to temperature. The hydrophobic collapse of the PDMAEMA 
brush that is caused by a temperature increase of ~10K is counterbalanced by a pressure increase 
of 1000 bar. 
 
 

 
Fig. 1 Neutron reflectivity R(Q) from a PDMEAMA brush grafted to a dPS coated silicon 
support at a grafting density of σ = 0.22 nm-2 against D2O liquid phase as a function of sample 
temperature (left panel). Solid lines are fits to the experimental data according to the brush 
volume fraction profiles from the analytical model (right panel). 
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Hydrogels are networks of polymer chains with a large amount of water. Their water-swollen 
structures offer excellent biocompatibility and flexibility similar to natural tissue necessary to 
apply as biomaterials. Recent dramatic developments of this research field have enabled the 
construction of a wide variety of hydrogels with unique properties such as stimuli-responsive 
hydrogels and hydrogels with high mechanical property. However, there is no report about the 
hydrogels acted only for a limited period without any external-stimuli. We report herein for the 
first time a new class of intelligent hydrogel fabricated by self-assembling three-armed peptides 
(1n)  that undergoes gel-to-sol transition in response to time under a physical condition. The 
peptides consist of short collagen-mimetic chains (Gly-Pro-Hyp triplet repeat, n = 5 or 6) linking 
a central lysine-template through flexible spacer as shown in Fig. 1a. These peptides were 
prepared by means of solid-phase synthesis with Fmoc chemistry and characterized by 1H-NMR 
and MALDI-TOFMS. Analyses of the conformation and self-assembling properties of the 
peptides in aqueous solutions were performed by using circular dichroism (CD) spectroscopy, 
vapour pressure osmometry and fluorescent resonance ernergy transfer experiment. With CD 
study, the peptides 1n in dilute solutions are found to take triple helices at lower temperature 
(4 °C) and exhibit transition from helix to random coil with elevating temperature. The transition 
temperature Tm depends strongly upon the peptide sequence and the chain length (n). With 
condensing the solutions up to 6 wt%, formation of triple helix structure intermolecularly 
triggers formation of metastable self-assembled fibrillar network, which leads to gelation in 
water at 4 °C. Interestingly, we found out that these hydrogels transformed spontaneously to sols 
after a prescribed period under a constant physical condition. Spontaneous transfer from the self-
assembling form to thermodynamically favored dimeric form, which occurs without a loss of 
triple helix structure, causes dissolution of the gel (Fig. 1b). Furthermore, lifetime of such 
hydrogel can be controlled by manipulating the stability of the triple helix based on amino acid 
sequence. These time-limitable hydrogels using metastable assemblies offer novel design 
principle for functional soft-materials, and also have potential in biological applications. 

 
 (a)                                                                                                       (b) 

 

 

 

 

 

Fig. 1 (a) Molecular structures of collagen-mimetic peptides.  (b) Time-dependence of 16- 
hydrogel (6 wt%) at a constant temperature of 4 °C. 
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To detect chemical changes in aqueous media using a magnetic sensor, we develop hydrogels 
with embedded magnetic nanoparticles. Our gels are currently based on poly-acrylic acid, so that 
they can be made to swell or to shrink at constant temperature via a change in pH. Homogeneous 
ferro-hydrogels are prepared under chemical conditions where aggregation of the magnetic 
nanoparticles is minimized and they act as cross-linkers in the polymer network. The frequency-
dependent magnetic properties of the ferro-hydrogels are strongly dependent on the type of 
magnetic nanoparticles used, which affects the rapidity of Néel relaxation of the magnetic dipole 
inside the nanocrystals. With magnetite nanoparticles of a few nanometers, the magnetic 
relaxation at 50 kHz is almost as strong as when the particles are in colloidal dispersion in a 
liquid. Magnetite particles of 20 nm or cobalt ferrite particles lead to ferrogels with magnetic 
remanence, whose permanent magnetic field can be detected with a Hall sensor. The presentation 
will include aspects of chemical preparation, rotational arrest of the nanoparticles, time-
dependent swelling and shrinking, and the detection of magnetic fields from ferro-hydrogels. 
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Aqueous mixtures containing surfactant and alcohol can self-assemble into a wide variety of 
liquid crystalline structures [1,2]. They often have gel-like properties and are applied in 
pharmaceutical, cosmetical, personal care, laundry, and food products [1-3]. The gel-like 
character may persist at high dilution, even at water concentrations higher than 90 wt %.  
The focus of our research lies on the investigation of the structure of the model system consisting 
of cetyl alcohol (CA), sodium dodecyl sulfate (SDS) and water [1]. A series of samples with a 
constant amount of water of 97 wt. % and a varying ratio of SDS to CA with a total mass of  
3 wt. % was investigated. As for many colloidal systems, the processing parameters like 
temperature and shear rate have a large influence on the structure of the emulsion, which is not 
in thermodynamic equilibrium. Therefore, reproducible conditions for sample preparation must 
be chosen. The range of concentrations where gels are formed was identified and the structure of 
the gel-forming emulsions was investigated using a variety of different techniques, including 
rheology, electron microscopy, scattering techniques, NMR spectroscopy and diffusometry. By 
means of transmission electron microscopy and very small angle neutron scattering the gels were 
found to consist of uni- and multilamellar vesicles. Since the gels contain high amounts of the 
fatty alcohol, which has a small head group, lamellar structures were expected. The formation of 
vesicles is due to the shear applied during the mixing procedure [4,5]. Since the alkyl chains of 
CA are rigid at room temperature the vesicles are very stable. We propose that the gel property 
of the system is caused by the jamming of the vesicles, which prevents the system from flowing. 
A change of the surfactant parameter or the distance between bilayers may break the gel.  
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Enzymatic production of nanostructures is utilized widely by nature to transform biological 
materials and promote self assembly, but is often ignored as an alternative to bottom up or top 
down assembly of nanomaterials. As one example, during the digestion of lipids in the 
gastrointestinal tract a variety of self-assembled structures may be formed transiently that 
eventually and inevitably result in micelle formation.  

In this study, inspired by lipid digestion, the generation of stable hierarchically structured 
nanostructured particles with internal bicontinuous cubic structure from emulsions is triggered 
via enzymatic lipolysis of a short chain triglyceride additive to the main structure forming lipid. 
Structural aspects were elucidated using real time synchrotron small angle x-ray scattering, 
dynamic light scattering and cryoTEM (below). The concept of mixing enzymatically labile and 
inert lipid substrates has not previously been harnessed for the deliberate selection of such self 
assembly structures. Through design of specific mixtures that transit from unstructured 
emulsions to highly structured dispersed liquid crystalline particles, new low energy methods to 
generate particles such as cubosomes and hexosomes are achieved. This new route to stabilised 
internally structured particles holds promise across the pharmaceutical, agricultural and food 
technology fields. 
 

 

Fig. 1 Transformation from emulsion to hierarchically structured cubosomes using enzymatic 
trigger 
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Polyelectrolyte multilayers are made from poly(diallyldimethylammonium) (PDADMA), 
poly(styrenesulfonate) (PSS), and deuterated PSS-d.[1] Each film consists of a protonated and a 
deuterated block. The films are annealed in 1 M NaCl and investigated with neutron reflectivity. 
During annealing the internal interface between both blocks broadens due to interdiffusion.  

The PSS interdiffusion constant depends non-monotonically on the PDADMA molecular weight, 
a maximum is observed at 45 kDa, in contrast to polymer theory. The experiments suggest that 
PSS and PDADMA move as a complex. If one polycation layer in the film centre is branched 
poly(ethyleneimine) (PEI), then PEI serves as a diffusion barrier. Consistent with polymer 
theory, the diffusion constant through the barrier decreases monotonically with PDADMA 
molecular weight. 
 

 
Fig. 1 Normalized neutron reflectivity curves (left) and corresponding SLD profiles (right) of a 
(PEI/PSS)1(PDADMA/PSS)8/(PDADMA/PSS-d)5 film, measured at 0% rh (preparation 
conditions: Mw,PDADMAC = 35 kDa, 0.1 M NaCl, T = 20 °C). After preparation, the PEMs are 
immersed for the time indicated into 1 M NaCl solution at 20 °C and dried. For clarity, the 
reflectivity curves are shifted relative to each other by 1 order of magnitude. 
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Polyelectrolyte multilayer films made by self-assembly of oppositely charged polymers onto 
submicron particles are promising systems for applications in fields as biomaterial coatings, drug 
delivery systems, electrocatalysis, electrochemistry [1]. The structure, stability and electrical 
properties of the multilayer films are crucial for all the envisaged applications. 

We demonstrate the advantages of electro-optics for in situ investigation of multilayer films on 
non-spherical colloidal particles. The electro-optical signal is related to the electrical moment 
orientation mechanism, which in turn reflects the electrical double layer features of the particles 
through their electrical polarizability. The electro-optical signal contains also information on the 
shape and size of the particles, which makes this technique useful for controlling the stability of 
colloidal systems during preparation of the multilayer films as well as for determination of the 
film thickness.  

We present results for films made from synthetic and bio-polymers on particles of different 
shape: ellipsoids (β-FeOOH), rods (α-Fe2O3) and discs (indomethacin) [2,3]. Multilayer films 
are found to grow linearly or exponentially in dependence on the charge density ratio of the 
polymers. In contrast to electrophoretic mobility, the electrical polarizability of the particles 
coated by multilayer films increases with the number of deposited layers, in agreement with the 
film thickness increase. Our results also showed that the electrical parameters of the last 
adsorbed polymer dominate the behavior of the whole film. We will discus potential applications 
of the encapsulated colloidal particles for controlled drug release and corrosion protection of 
steel. 
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Systems composed of oppositely charged polyelectrolytes (PE) and surfactants show rich self-
aggregation behavior that varies over a large size range and have many applications e.g. in 
cosmetics, detergency and drug delivery [1]. Mixtures of the cationic polyelectrolyte JR 400 with 
anionic surfactants in the semi-dilute regime with a slight excess of polymer charges form highly 
viscous network structures, with their viscosity increasing by 3-4 orders of magnitude as 
compared with the pure polymer solution, while mixtures with excess surfactant charges form 
solutions with viscosities even below those of the polymer solution [2,3]. 

With the help of neutron scattering, namely small-angle neutron scattering (SANS) and neuton 
spin-echo (NSE), we have been able to track the structural origins at the meso scale responsible  
for the  remarkable changes in the macroscopic behavior of these solutions. As neutrons allow 
for an easy variation of the contrast simply by changing the isotopic composition, it is possible to 
study the individual components of the sample, thereby gaining insights difficult to acquire with 
other methods. While SANS observes the structure of solutions, NSE monitors the dynamics on 
a time scale of nano seconds and allows to investigate the behavior of the PE in the aggregates. It  
is observed that mixed rod-like aggregates are formed in the PE excess part of the phase 
diagram. However, these aggregates are still existent if an excess of surfactant is added and the 
origin of the change in macroscopic behavior is more subtle. 

In summary, we studied the mesoscopic structure and dynamics of oppositely charged 
PE/surfactant complexes with both an excess of surfactant and PE. Using different contrasts, we 
gained an understanding of the role of the individual components and the structural changes at 
the mesoscale responsible for the changes in macroscopic viscosity. 
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The continuous interest in studying dynamics of colloidal systems has over the last decade led to 
a broadening of our knowledge on dynamical arrest and the glass transition. Many experiments 
performed on colloidal glasses and gels as well as theoretical and numerical simulation results 
aim at understanding the nature of the aging phenomena that are typical for systems with time 
evolving dynamics. Among these, colloidal clays, have recently emerged as complex fluid 
systems characterized by a peculiar aging dynamics. Here we  investigate dilute suspensions of 
Laponite, an industrial synthetic clay made of nanometre-sized discotic platelets with 
inhomogeneous charge distribution and directional interactions. The anisotropy of the face-rim 
charge interactions, combined with the discotic shape of Laponite, produces a very rich phase 
diagram encompassing fluid, gel, glassy states [1,2] on varying colloidal volume fraction at fixed 
ionic strength. At low concentrations (CW<2.0 %) the system ages very slowly up to a final non-
ergodic state. Extending the observation time to timescales significantly longer than those 
previously studied, although samples seem to be arrested on the second timescale, a significant 
evolution takes place on the year timescale. Samples undergo an extremely slow, but clear, 
phase-separation process into clay-rich and clay-poor phases. The phase separation terminates at 
a finite but very low clay concentration (CW=1.0 %), above which the samples remain in a 
homogeneous arrested state (equilibrium gel (1.0%<CW<2.0 %). The observed features are  
strikingly similar to those predicted in simple models of patchy particles, suggesting that 
Laponite forms an (arrested) empty liquid at very low concentrations. These new 
phenomenology has been observed by direct visual inspection and by Small Angle X-ray 
measurements and it has been confirmed by extensive numerical simulations with a primitive 
model of patchy Laponite discs [3]. At high concentrations (2.0%≤CW≤3.0 %) the system ages 
faster up to a final Wigner glassy state [4]. Here we show a very recent unexpected dichotomic 
aging behaviour observed through X-Ray Photon Correlation Spectroscopy and Dynamic Light 
Scattering for spontaneously aged and rejuvenated samples [5] 
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The physical properties of stimuli-responsive microgels still attract great interest in basic 
research and lead to a lively discussion of potential technical applications. A prominent example 
are systems, which undergo a temperature induced phase transition reflected in a discontinuous 
shrinking with increasing sample temperature. Microgel particles can be easily organized as 
ultra-thin films at solid surfaces, e.g. silicon single crystal surfaces. This leads to changes in the 
swelling behavior and shifts of the LCST with respect to the bulk phase. These findings raise the 
question how the interactions with the solid surface affect the internal structure and dynamics of 
the microgel particles. In a series of surface sensitive scattering experiments we addressed this 
question. 

Here, we focus on neutron spin echo spectroscopy (NSE) experiments in transmission and 
reflection geometry. Up to now, only few publications report NSE experiments on the internal 
dynamics in microgels. NSE provides access to the dynamics in the ns to ms time range on 
nanoscopic length scales. In particular, we studied the internal dynamics in ionic microgels in the 
bulk phase and in thin films adsorbed onto silicon surfaces. The internal dynamics in bulk phase 
samples was studied at different concentrations and degrees of protonation. Results of these 
measurements are compared to previously published work on neutral microgels and to our results 
on the internal dynamics in microgels in close-packed films adsorbed at silicon surfaces. Thin 
films of adsorbed microgels were studied for the first time by NSE under grazing incidence 
(GINSES) which uses evanescently scattered neutrons and therefore probes the near-surface 
dynamics in the adsorbed microgel films.   
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We utilize an effective potential theory, averaging over polymer configurations, so as to derive a 
many-body Hamiltonian between particles, in a colloid+polymer dispersion. Our theory utilizes a 
generalization of the Edwards-deGennes treatment of continuous chains. A recent extension is 
"good solvent" cases, wherein the polymer are modelled as hard-sphere chains. "Excess" many-
body 

interactions are handled by an expansion apporach, whereas the pair contribution enters via an 
explicit separate calculation. Scaling theory is adopted to ensure correct responses to changes of 
chain length and concentration. The many-body Hamiltonian can be utilized in Monte Carlo 
simulations, wherein only the particles are treated explicitly. These simulations are no more 
costly than corresponding ones for systems with pairwise interactions. Our treatment thus allows 
predictions, not only of phase diagrams, but also of structure, permitting direct comparisons with 
experimental SAXS/SANS data. Comparisons with computationally expensive simulations 
wherein the polymers are included explicitly, have shown that the theory is remarkably accurate. 
Examples are provided in the Figure below.  

 

 

Colloid-colloid radial distribution functions, in colloid-polymer mixtures. Simulations using the 
many-body Hamiltonian (red) with implicit polymers,are compared with exact results from 
simulations where polymers are explicit (crosses). With longer chains, the latter simulations 
become unmanageable, while the former remain fast (minutes). The blue curves, displaying an 
exaggerated attraction, result if only the pair contribution to the Hamiltonian is included 
(implicit chains). Many-body effects are obviously important in these systems. Left graph: ideal 
chains (601-mers), and q=2. Right graph: hard-sphere monomer chains (176-mers), and q=1. 
Here, q is the ratio between the polymer radius of gyration, and the colloids radius. 
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Micro and nanoreology [1,2] encompass a family of methods that uses micro- and nanoparticles 
as mechanical probes of the rheological behavior of soft materials. Microrheology presents 
several advantages over conventional mechanical rheology: smaller size samples (∼µL), use in 
heterogeneous samples (i.e. simultaneous measurement of several environments), use in situ (e.g. 
cells), high throughput screening capability and very small perturbation applied (in passive 
microrheology the thermal energy ∼KBT). The fact that the applied stress is very small is of great 
importance when dealing with interfacial systems which are very fragile soft materials. 

We will discuss the experimental techniques [1,2] and the different procedures [1,3] used to 
extract the complex shear modulus from the microrheological experiments. In this discussion we 
will present results from two different 3D systems, agarose gel solutions and pluronic solutions, 
and several monolayers (quasi-2D systems) of surfactants and polymers. 
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Block copolymers spontaneously self-organize into polymeric micelles when dispersed in a 
selective solvent. Micellar growth is primarily driven by the incompatibility of the insoluble 
block with the solvent and counterbalanced by unfavorable configurations of the chains in core 
and corona of the micelles.  An important prerequisite to reach  and to attain equilibrium in 
micellar solutions is  a continuous exchange of constituting chains between different micellar 
entities.  In recent years time –resolved small angle neutron scattering (TR-SANS) turned out to 
be a very successful method to investigate chain exchange kinetics of block copolymer micelles. 
The TR-SANS technique relies on a specific labeling scheme, the so-called kinetic zero average 
contrast (KZAC) technique, where deuterated and proteated micelles are mixed in a solvent that 
is contrast matched with the average of the oppositely labeled  h and d polymers. This technique 
has led to an understanding of fundamental kinetic processes as described in more detail in a 
recent review [1].  

In this contribution we will present kinetic results on  n-alkyl-PEO polymers (CnH2n+1-O-PEOx) 
in aqueous solution. The n-alkyl-PEOs  can be considered as hybrids between low-molecular 
weight surfactants and block copolymers. We have studied kinetics varying  the n-alkyl length 
(n=18, 21, 24, 27, 28, 30), the molecular weight of  PEO, (x=5, 10, 20, 40 kg/mol at constant  
n=27) and temperature. In all cases we observed a first order kinetic process which is 
characterized by a single exponential relaxation function, R(t) ~exp(t/τ). It was found that the 
time scale for chain exchange  extremely depends on the alkyl chain length, n, and temperature 
T, while increasing  the PEO chain length reveals only a moderate slowing down of the rate. 
Time temperature superposition reveals an Arrhenius type behavior where the characteristic 
times show  a linear dependence for 1/T. Activation energies were deduced from Arrhenius 
plots. They depend linearly on n with an increment of ∆Ea~10 kJ/mol and reaches values of 
about 180 kJ/mol for n=30. In this contribution detailed experimental results will be presented 
and discussed in terms of  the Halperin & Alexander scaling theory. Activation energies will be   
compared to values obtained by rheology on transient  networks formed by similar telechelic 
PEOs. 
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Polyacrylate salts are widely used in daily life as well as in industrial processes. We use their 
adsorption properties and their swelling properties in diapers, concrete, cosmetics, and paper. A 
key parameter controlling the behaviour of all these systems is the osmotic pressure. The osmotic 
pressure will be linked to the aggregation and conformational extension of the polyacrylates, to 
their degree of ionisation and therefore will tell us a great deal about the molecular behaviour of 
the polymeric chains and their counterions. Here we present our progress in the measurements of 
the osmotic pressure of polyacrylate salts. We tried to improve the accuracy of the osmotic stress 
technique and used it for the measurement of the osmotic pressure of polyacrylates of varying 
length, at different pH and in the presence of different salts. We compare these measurements 
with coarse-grained Monte Carlo simulations of polyacrylate chains in the cell model. We find 
good agreement between simulations and experiments and discuss the significance and 
limitations of this agreement. 

 
Fig. 1 Comparison between the simulated osmotic pressure and the experimental osmotic 
pressure of different sodium polyacrylate samples. The sizes of the polymers in the simulations 
are 256 and 64 monomers. The sizes of the polymers in the experiments are ~800, ~400 and ~80 
monomers. For the longest polymer, the pH has been varied between 5.5 and 8. 
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Recently, scientific as well as technological interest in the synthesis of novel peptide-based 
hydrogel materials have grown dramatically. Applications of such materials mostly concern the 
biomedical field with examples covering diverse sectors such as drug delivery, tissue 
engineering and production of scaffolds for cell growth, thanks to their biocompatibility and 
biodegradability.  
In this framework, we successfully explored the possibility of using microbial lipases to catalyze 
the synthesis in water of self-assembling peptides such as Fmoc-Phe3, that afforded self-
supporting hydrogels able to promote microglial cells proliferation and NGF production (1). Our 
interest was then drawn by the possibility of using unconventional peptides, such as D-peptides, 
to enhance hydrogel in vivo stability. D, L and mixed D,L peptides formed β-sheet-based 
molecular structures, as evidenced by circular dichroism. Atomic Force Microscopy 
investigation on hydrogels deposited on mica support evidenced a complex self-assembled 
network formed by nanofibers, whose structural details depend on the chirality of the peptide. 
The hydrogelators show the ability to form helical nanofibers within the hydrogels, and the 
chirality of the hydrogelators apparently dictates the handedness of the nanofibers.  
Thus, this new class of D-form self-assembling peptides has proven to be very versatile in 
fabricating novel supramolecular architectures and may have a wide range of applications in 
nanobiotechnology. 

 
Fig. 1 Molecular hydrogelation (a), AFM image of Fmoc-D-Phe3 (b),  with height profile of a 
single fiber (c) and a detail showing the handedness of some nanofibers (d).   

Literature: 

1. L. Chronopoulou, A.R. Togna, G. Guarguaglini, G. Masci, F. Bordi, F. Giammaruco, G.I. 
Togna, C. Palocci 2012. Soft Matter 8: 5784-5790.  



27th ECIS Conference  1 - 6 September 2013, Sofia, Bulgaria 

 1 

Molecular Modeling of Ion Atmosphere of Colloidal Systems 

Hitoshi Washizu 12*, Tomoyuki Kinjo 12, Hiroaki Yoshida12 

1 – Toyota Central R&D Labs., Inc., 41-1 Yokomichi, Nagakute, Aichi 477-0140, Japan 
2 – Elements Strategy Initiative for Catalysts and Batteries (ESICB), Kyoto University, 

Kyotodaigaku Katsura, Nishikyo-ku, Kyoto 615-8520, Japan 
* - h@washizu.org 

Theoretical understanding of colloidal systems is extremely difficult even if a simple model is 
used for a macroion. This is because the internal motion of the macroion, the concentrations of 
small mobile ions, the long-range coulomb potential, and the solvent velocity are coupled with 
each other through essentially nonlinear equations.  Coarse-grained simulations are useful tools 
to analyze the mechanism dynamics of colloidal systems. The importance of the system may due 
to the nonuniformity of the small ion distribution interacting with each other over the wide space 
of the solution. On the other hand, if the motion of solvent molecules is neglected, the effect of 
solvent flow that may play a large role cannot be incorporated. Also the important effect of 
solvent hydration cannot be discussed. A simulation involving coupling the dynamics of a vast 
ion atmosphere, the effect of local solvation around each of the ions, and macroscopic friction 
should be constructed to overcome the difficulty. Multiphysical course-grained simulators for 
molecular scale to meso-scale dynamics are under construction. 

First, the Monte Carlo Brownian Dynamics method1 is used to simulate the nature of 
polyelectrolyte brushes. The polyions are grafted to the surface at an equal pitch. Long-range 
Coulomb interactions are coarse-grained by the modified Particle-Particle Particle-Cell method. 
For a flexible polyion model, a bond and bond angle degree of freedom is adopted. Charge 
densities of the polyions are an essential topic concerning the friction of a polyelectrolyte brush. 
In order to understand the charge density effect, the linear charge density parameter of the 
polyion is set to 0.0 to 2.0 in order to discuss the Manning's counterion condensation theory. The 
effect of added salts has been observed as the shrinkage of the brush heights. 

In order to discuss the friction behaviours in these systems, improvements in the simulator are 
then needed to include the effect of the solvent. First, the solvent model is made to include the 
solvation effect of polymers and counter-, and co-ions. In the framework of dissipative particle 
dynamics, polarizability of a set of solvent molecules is described as oscillators. The solvent 
flow is then included by calculating the Brownian particles by Langevin dynamics and the 
solvent flows by the Lattice Boltzmann method. In this method, the dynamics of a huge amount 
of small ions are enabled by treating each Brownian particle as a point described by a Stokes-
source. These methods essentially treat ions as particles. In order to treat macroscopic 
phenomena, a multiphysical simulator based on continuum equations of ion distribution, solvent 
flow, and electric fields is created. Distributions of small ions are treated by Nernst-Planck 
equations to treat transitional and non-bulk ion distribution.  
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The wetting dynamics of dilute polymer solutions on hydrophobic surfaces is remarkably 
different from the case of simple liquids. The comparison between experiments carried out with 
pure water and dilute polymer solutions reveals a deep difference in the behaviour of the moving 
contact line during the receding phase, in the amplitude of the contact angle, as well as in the 
intrinsic time of the phenomenon. Recent experiments relate this behaviour to the stretching of 
polymer molecules caused by the receding movement of the contact line [1,2]. The present work 
aims to get a deeper insight of this phenomenon through systematic experiments aiming at the 
investigation of the independent effects of the relevant parameters (polymer concentration, 
Weber number, surface energy of the substrate) on the morphologies of the contact line and of 
the contact angle during the receding phase. In comparison with pure water, the contact line of 
dilute polymer solutions is pinned at several points on the impacting surface; thus, the effect of 
the polymer is to slow down the receding phase after drop impact, also modifying the 
morphology of the contact line. The results of this experimental work allow a quantitative 
estimation of the dissipative force opposed to the contact line displacement, shedding more light 
on our understanding of the wetting dynamics of dilute polymer solutions. 

 

 
Fig. 1 Formation of liquid filaments and dendrites during the receding contact line motion. 
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The number of potential applications of nano-particles, vesicles and capsules in drug 
research and nanomedicine is rapidly increasing with the developed technologies to tune and 
control their bulk and mainly surface properties. For a better understanding of nanoparticle 
behavior at the membrane interfaces an “in vitro” study of the mechanisms of small unilamellar 
vesicles (SUVs) and lipid nanocapsules (LNCs) loss of mechanical stability and reorganization 
on various membrane systems seems indispensable. A particular attention has to be paid to the 
SUVs and LNCs structural destabilization due to the enzymatic action and appearance of  
lipolytic products. 

By using the simplest convenient monolayer model the mechanisms of destabilization 
and reorganization of various classical or modified SUVs and LNCs spread on pure air-water 
(A/W) interface and on the preformed monolayers of DPPC, Curosurf (model of the alveolar 
surface) and mucus (model of the epithelial surface) were studied. 

SUVs spread at A/W interface undergo an interfacial destabilization of closed spherical 
vesicles and formation of a surface film of partly open vesicles studied by measuring the 
evolution with time (t) of the surface pressure (p) and surface potential (DV). In the presence of 
phospholipase PLA2 the appearance of lipolytic products destabilizes additionally the vesicles 
and transformation is accelerated. 

LNCs spread at A/W interface undergo a destabilization and disaggregation leading to 
the formation of a triglyceride (TG) monolayer. The kinetic of the process was followed by 
measuring the surface pressure (p) at constant area (A), p(t)A,  and change of the surface area 
(DA) at constant surface pressure, (p), DA(t)p. The interpretation of p(t)A=const  and DA(t)p=const 
data allows us to determine the rate k1 of the LNCs interfacial destabilization, the degree (dTG) 
and the effectiveness (eTG) of inclusion of TG molecules into the model membrane monolayer. 
The obtained results about the LNCs mechanical stability viewed at phenomenological level by 
k1 and eTG show that the LNCs destabilization depends strongly on the nature of the used model 
membrane monolayers in accordance with the usual ideas about the role of electrostatic 
interaction “particle-monolayer” as well as about the role of the length of PEG protecting the 
LNCs from external medium. When the enzyme PLA2 is present in the LNCs dispersion an 
additional loss of their mechanical stability and additional spreading of released TG molecules 
was observed.  

A relationship between SUVs and LNCs stability and enzyme activity was theoretically 
established and experimentally confirmed. 
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It has been demonstrated that certain amphiphilic molecules, such as polymers and ionic liquids, 
can exhibit highly effective antimicrobial properties.  The antimicrobial activity is closely related 
to the structure and composition of the molecules.  Therefore, it is important to understand the 
detailed mechanisms through which some of these novel antimicrobial molecules interact and 
disrupt different cell surfaces, in order to enable the intelligent design of molecules with 
improved antimicrobial properties. 

In this work, we investigate two classes of molecules with known antimicrobial properties: 
polycarbonate polymers and ionic liquids. Molecular dynamics simulations have been performed 
to investigate the interactions between these molecules and bacterial and mammalian cell 
membranes, and to understand the selective adsorption and penetration to the bacterial cell 
membranes.  Different structures of the polymers and ionic liquids were also considered to 
elucidate the effect of molecular structure on the antimicrobial properties.  Through this work, 
wehope to gain some insight into the mechanism of the antimicrobial activity of the polymers 
and ionic liquids, and establish guidelinesto design new and improved antimicrobial molecules. 
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The development of novel antimicrobial agents not based on antibiotics molecules is an urgent 
need as the rise of resistant strains is reducing the efficacy of the traditional therapies against 
infections. Metal nanoparticles, mainly silver, are used to prevent infections due to their lethal 
activity against bacteria without promoting insurgence of resistance and without causing any 
cytotoxic effect. Catheters, wound dressing, creams and bone cement are examples or medical 
devices where silver nanoparticles have been integrated to achieve antimicrobial activity. Copper 
nanoparticles have been used as antimicrobial agents and as stimulants of bone growth. 
Although metal nanoparticles have been synthesised by a variety of physical and chemical 
routes, it is the reduction of metal salts that has become the standard route for their synthesis due 
to the flexibility of the particles produced and its reproducibility. Nanoparticles can also be 
stabilized using chelating substances such as: citrates, and oleic acid and glutamic acid or 
prepared with a capping agent that allows binding of other compounds to the nanoparticles such 
glutathione or tiopronin. 
The activity of nanoparticles is regulated by their physico-chemical, surface and geometrical 
characteristics, for examples size, shape, charge, hydrophobicity and composition affect the 
interaction of nanoparticles with fluids components, the adhesion to the cells and the transport 
through the cell membranes. It is also accepted that different cells respond differently to the 
same nanomaterial. Nanoparticles of very different geometrical (size and shape) characteristics 
can be obtained controlling the synthetic conditions tuning the nanoparticles to the required 
application. 
Many of the current synthetic routes employ chemical reagents or physical agents that are 
expensive and harmful; the increasing interest in using low energy processes and safe chemicals 
(so called “green chemistry”) has originated novel synthetic methods for the preparation of metal 
nanoparticles. Plant extracts along with fungi or bacterial filtrate have been used for this 
synthesis, but the faster growth rate of bacteria makes their use more industrially appealing. 
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Conformational change of proteins in biological systems affects significantly on their enzymatic 
activity and solubility. Biological micro-environment is mainly composed of heterogeneous 
media like an oil-water system. Therefore, the study of conformational change of proteins at 
liquid-liquid interfaces should give valuable insight in the state of protein in real bio-colloidal 
systems. In the present study, the conformation changes of insulin and poly-L-lysine (PLL) were 
investigated in liquid-liquid systems by means of our original technique of the centrifugal liquid 
membrane (CLM) method combined with circular dichroism (CD) spectrometry.1 Insulin formed 
amyloid fibril under acidic condition or at higher temperature (Fig. 1). However, there was no 
evidence to prove the formation of amyloid at the liquid-liquid interface. In the present study, a 2 
mL/2 mL of organic phase-water system including insulin was stirred with a magnetic stirrer at 
960 rpm under the temperature of 38 °C.  Then, the amyloid formation was observed by the 
intercalation of fluorescent dye, thioflavine T (ThT). Fluorescence and Raman microscope 
measurements showed that toluene is an effective solvent for the formation of insulin amyloid, 
which is formed at the interface. The CD spectra of insulin in the dodecane-water system, kept 
standing overnight at 40 °C, were measured by CLM method. The peak at 209 nm of α-helix 
form decreased and the broad negative band at ca. 220 nm appeared (Fig.2). It clearly showed 
that the α-helix form of insulin was converted to the β-sheet form very slowly in dodecane-water 
system at 40 °C. The interfacial tension measurement confirmed the high interfacial activity of 
insulin in oil-water systems. The chiral interaction between poly-L-lysine (PLL) and bilirubin 
(BR) at the heptane-water interface was investigated by the CLM method. The pH dependence of 
the vis-absorption and CD spectra of BR indicated that BR could recognize the helical structure 
of α-helix of PLL. At the heptane-water interface, the fraction of α-helix of PLL was more 
decreased in higher pH than that in the aqueous phase. The observed interfacial tension showed 
the high interfacial adsorptivity 
of PLL and the interfacial 
aggregation of PLL.  It was 
concluded that a favorable 
conversion of α-helix form to β-
sheet form was carried out at the 
liquid-liquid interface, due to the 
higher stability of β-sheet form 
at the interface.  
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Fig. 1 AFM image of insulin 
amyloid fibril with 7 nm diameter. 

Fig. 2 CLM-CD spectra of insulin 
in dodecane-water interface 
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Lyotropic nonlamellar lipid liquid crystalline (LC) bulk phases show promise as functional 
nanostructured materials of potential use as controlled release matrices e.g. of pharmaceuticals. 
For instance, the reversed cubic micellar (I2) phase has been proposed to be able to serve as an in 
vivo drug reservoirs1 and LC nanoparticles as injectable drug carriers.2 Furthermore, the I2 phase 
of soy phosphatidylcholine (SPC) and glycerol dioleate (GDO) has been demonstrated to have 
excellent mucoadhesive film properties. 
In this work we report on the controllable formation and characterization of thin nonlamellar LC 
SPC/GDO films on solid support. Such films can be useful as model surfaces with tuneable 
properties for routine studies of a range of relevant properties of lipid nonlamellar LC phases for 
drug delivery applications. For instance, their adhesion to biological surfaces, interaction with 
biomolecules and degradation at various simulated physiological conditions can be investigated.   
Lipid LC films of controllable thickness were formed by spin-coating of a non-aqueous 
SPC/GDO formulation on solid support. Upon hydration, a LC films were formed, as verified by 
spectroscopic ellipsometry, non-contact mode atomic force microscopy and synchrotron small 
angle X-ray diffraction (SAXD), which provided information on the thickness, topography and 
LC phase structure of the hydrated lipid film, respectively (Fig. 1).  

 
Fig. 1 The hydrated 35/65 wt%/wt% SPC/GDO film on solid support has a reverse cubic 
micellar phase at 25 °C, as measured by SAXD. 
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Magnetic nanoparticles (MNPs) have been applied efficiently in a number of various biomedical 
applications such as MRI contrasting, targeted drug delivery and hyperthermia. Appropriate 
aqueous dispersions of MNPs need to be prepared. The colloidal stability of magnetic fluids 
under physiological conditions is of crucial importance.  Biomedical applications require the 
MNPs to be non-toxic, chemically stable, uniform in size, and well-dispersed in aqueous media. 

A series of organic acids such as small molecular complexant (citric acid - CA), synthetic 
(poly(acrylic acid) - PAA, poly(acrylic acid-co-maleic acid) - PAM) and natural (chondroitin-
sulfate A - CSA) macromolecules was chosen systematically to coat the synthetic MNPs in order 
to enhance their chemical and colloidal stability. Adsorption isotherms were measured and bond 
formation on ºFe-OH sites was detected by ATR-FTIR measurements. The pH-dependent 
charge state of MNPs was characterized by electrophoretic mobility and their aggregation by 
dynamic light scattering. The salt tolerance was measured in coagulation kinetic measurements. 
Desorption of stabilizing shell and iron-dissolution was determined in selected products. The 
carboxylated MNPs were tested in cell proliferation experiments. 

The chemical interactions between the ºFe-OH sites and the adsorbed carboxylic groups are 
specific, and so their bond strengths differ significantly from each other and their stabilizing 
efficiency changes definitely due to the different structure and thickness of the coating layer on 
the MNPs. Exceeding adsorption saturation, the nanoparticles are stabilized in a way of 
combined steric and electrostatic effects. Well-stabilized magnetic fluids (MFs) were prepared 
by using these organic acids. The PAA, PAM and CHA coated MNPs fulfilled the stability 
criteria of physiological condition regarding the pH and salt concentration [1]; however, the CA 
coating does not provide suitable resistance against salt. In addition, Fe(III)-CA complexation 
can promote the dissolution of magnetite nanocrystals in aqueous medium, which do cause 
problems in vivo. Our products have been tested in MRI as contrast agents and in cell 
experiments in vitro [2]. The interaction of some of these carboxylated MFs with human plasma 
has been also studied [3] within the framework of ESF network program Epitopmap. 
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Stimuli-responsive nanoparticles (NPs) are highly interesting for their potential applications as 
sensors due to their keen sensitivity towards environmental changes and thus, pronounced 
response. A plethora of stimuli-responsive nano-systems based on plasmonic nanoparticles have 
been developed, which are sensitive towards environmental temperature, pH and light. However, 
the modern trend for stimuli-responsive systems is moving towards multi-responsive systems, 
where the sensitivity towards various environmental factors is condensed on one single device. 
Hence, many strategies have been developed to combine such responsive properties on a single 
system, in order to obtain multi-responsive materials. One of the major fields is based on 
polymer-particle hybrid systems, where the particle is capped with multifunctional polymers, 
consisting of block copolymers or mixed polymers. However, nature has developed multi-
functional polymers since the evolution of life, such as DNA/RNA, polysaccharides and 
proteins. Proteins are natural copolymers of polar, nonpolar, and ionic (anionic and cationic) 
monomers (in total 21 aminoacids) and are highly sensitive to temperature, pH, ionic strength, 
solvent, chiralty and metal ions. Hence, protein coated nanoparticles provide access to a multi-
functional and multi-responsive hybrid materials with controlled properties and bio-functions. In 
this work, we present protein capped metal nanoparticles, which are extremely sensitive to pH, 
temperature and heavy metals, exhibiting a pronounced optical response, which can be monitored even by 
naked eye. Moreover, such NPs are extremely stable, mimicking somehow nature´s concept of colloids 
and interfaces and consequently also highly biocompatible. Hence, such NPs exhibit remarkable 
physicochemical properties in biological fluids inside and outside living cells.[1-3]  
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Biocompatible polymeric nanoparticles (PLGA,  PLA and PEG, etc.) are considered to be 
promising drug delivery carriers because they are capable of performing functions like 
biodegradability, long-term sustainable release, modifiable surface properties and so on. 
However, parameters of these NPs such as density of targeting receptors, drug loading 
efficiency, surface charge potential, size, hydrophilicity, etc. must be optimized before  
optimized in order to minimize the side effects. 

We propose to fabricate a microfluidic chip on glass wafers with SU-8 resin, which provides a 
platform for both producing homogenous NPs and screening them for further optimization. With 
our simple yet robust design, synthesis of NPs can be achieved in a highly controlled 
nanoprecipitation step using precursor reagents from a single batch, thus minimizing variability 
and enhancing reproducibility. Compared to traditional bulk synthesis method, NPs from 
microfluidic devices have both smaller size and narrow distribution1. Given the strong surface 
tension between water and DCM (Dichloromethane) in the polymeric solution, the droplets could 
theoretically encapsulate all the drugs (DOX) inside. By manipulating small volume of fluids 
(~10 ul/h), characteristics of NPs: size, the amount of drug loading and surface properties could 
be tuned precisely, without consuming excessive expensive reagents. Currently, the relationship 
of w/o volume velocity ratio and size of droplets is being investigated in the initial stage. A 
particular attention will be paid to NPs surface modification and drug loading efficiency. 
Hopefully, we will perform vitro and vivo tests to optimize NP carriers for effective therapy of 
prostate cancer. 

                             
Fig. 1 The structure of 
Nanoparticle  
 

Fig. 2 (a) On-chip synthesis 
of NPs (b) Micrograph of the 
device in operation. Scale 
bar 100 nm. 

Fig. 3 TEM image of NPs 
synthesized on chip (inset). 
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Self-assembled lipid based mesophases have been well studied to broaden the understanding of 
the interaction of these colloids in biological settings and their exploitation in applications such 
as drug delivery, food science, biosensing and protein crystallisation1, 2. In order to create 
matrices appropriate for their intended function, a resolution of the relationship between 
structure, composition and function must be achieved.  
Many amphiphilic lipids self-assemble into liquid crystalline mesophases in aqueous 
environments. Of particular interest are the complex inverse phases the bicontinuous cubic (V2) 
and inverse hexagonal phases (H2). These thermodynamically stable phases are of interest due to 
their defined controlled release capabilities3, 4. As the mesophase formed is sensitive to 
environmental factors and composition, the assembly of the amphiphiles can be tuned on the 
molecular level to form different mesophases and drug delivery rate on demand5. 
We have demonstrated the ability to manipulate bulk and dispersed liquid crystalline material via 
the application of external stimuli, namely temperature5, near-infrared (NIR)6 and UV 
irradiation7. These systems were based on lipids which demonstrated a reversible V2 to H2 
transition upon stimulation, that is, from a fast to a slow releasing mesophase, contradictory to 
what would be ideal for pulsatile release matrices. Consequently, this presented research 
focusses on the formulation of available lipids, shown in Fig 1, which undergo more ideal phase 
transitions e.g. from lamellar (Lɑ ) to V2 at biologically accessible temperatures, and are 
discussed according to the ability of an additive to influence the self-assembly of the matrix. 
Systems that transitioned from Lɑ  to V2 were investigated for their utility as photothermal 
matrices. It is anticipated that these optically addressable nanostructures will translate into on-
demand systems for drug delivery or as biosensor substrates. 

 
Fig 1. The increasing critical packing parameters of the lipids used in this study as shown by the 
increasing wedge shapes drawn around the molecular structures.  
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Spider silk protein fibers have outstanding mechanical and biomedical properties. Recombinant 
spider silk proteins on the basis of the major ampullate spidroins of the dragline silk of the 
European garden spider Araneus diadematus can assemble into a huge variety of different 
morphologies such as films, hydrogels and particles. In addition, good biocompatibility and 
weak immune response have been reported for these proteins. Thus, spider silk materials are 
interesting for medical applications like wound dressings, implant coatings, and drug 
delivery.Surface properties (e.g. charge, chemistry and adhesion properties) are crucial 
parameters for these applications. The properties of spider silk proteins on the molecular level 
have been studied intensively in the past years. However, the properties of particles formed from 
spider silk proteins have been examined to a smaller degree. 

Here, we report the characterization of recombinant spider silk protein particles by combination 
of AFM and electrophoretic mobility as used previously for colloidal particles. The protein 
particles have been prepared by salting-out.The colloidal probe technique was used to determine 
the interaction force profiles. The setup is schematically shown in Fig. 1. Diffuse layer potentials 
were obtained by fits to Poisson-Boltzmann equation. In addition, steric interaction forces can be 
observed. These direct force measurements have been compared to the electrophoretic mobility 
of the same spider silk protein particles. Our results are of importance to understand the stability 
of spider silk protein particle suspensions and their adsorption to solid interfaces. 
 

 
Fig. 1 Direct force measurements by colloidal probe and SEM-image of spider silk particle 
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LUV (Large, Unilamellar Vesicles) is composed of self-assembled phospholipids as an 
enclosed bi-layer with diameter ranging c.a. 100 nm or larger. LUV is often used as a model to 
investigate structures and functions of bio-membrane and further as a vehicle for drug delivery.  
On the contrary, sizes of cells in nature are usually larger than 10 micron, and GUV (Giant 
Unilamellar Vecilces) is often used as a modelmembrne. The objective of this study is to 
compare the physico-chemical properties of LUV and GUV to investigate the relevance of LUV 
utilization as a model of bio-membrane. 

Bio-membrane has single bi-layer structure 
separating interior cytosol from exterior 
environment and preventing free transport of 
material through membrane to protect living 
cell. Whereas it is well known that a group of 
short peptides called Protein Transduction 
Domain (PTD) is able to spontaneously 
penetrate through bio-membrane, although the 
mechanism remains to be explored.1Previously 
we have proven that membrane penetration of 
PTD is dependent on the membrane curvature.2 
PTD changes membrane curvature toward 
positive (from Lα phase to V1 then to H1 phase) 
for phospholipid/water/PTD system, and 
furthermore the amount of internalized PTD 
increased by changing membrane curvature of 
erythrocyte toward positive by means of 
osmotic pressure modulation (Figure 1).On the 
basis of these results, we speculated that the phantom penetration of PTD through the cell 
membrane could be derived from the temporal curvature change. 

In the recent study, we have found the translocation of PTD into cytosol decreased when 
vesicle become smaller. The result indicates the contribution of lower mobility of lipid molecule 
at small vesicle causing PTD facing resistance to penetrate. Thus, the curvature energy would 
play an important role toward the temporal structural change.Physiological meaning of such 
vesicle size will be further discussed at the presentation. 
1. T. Takeuchi, M.K0suge, A. Tadokoro, Y. Sugiura, M. Nishi, M. Kawata, N. Sakai, S. Matile, 

S. Futaki, “Direct and Rapid Cytosolic Delivery Using Cell-Penetrating Peptides Mediated 
by Pyrenebutyrate”ACS Chem. Biol. 1(5), 299-303 (2006). 

2. K. Sakamoto, K. Aburai, T. Morishita, K. Sakai,H. Sakai, M. Abe, I. Nakase, S. 
Futaki,“Bioinspired Mechanism for the Translocation of Peptide through the Cell 
Membrane”Chem. Lett. 41, 1078-1080 (2012). 

Fig. 1 Effect of osmotic pressure on the 
penetration of FITC-R8 (as PTD) at 37 ºC. 
The amount of the penetrated FITC-R8 was 
quantified 10 min. after adding FITC-R8. 
(n=5) 
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Cicada wings were recently reported as the first example of a novel class of antibacterial 
surfaces, which are selectively lethal to Gram-negative bacterial cells. The bactericidal effect 
was found to be a function of the wing surface physical nanoarchitecture. Surfaces such as these 
insect wings represent an exciting opportunity for the development of a wide range of 
antibacterial biomaterials for industrial and biomedical applications. Here, we assessed the 
bactericidal potential of Diplacodes bipunctata dragonfly wings and black silicon, a nano-
structurally similar surface fabricated using a simple and fast reactive-ion etching technique 
compatible with large-scale production.  
 
We conclusively demonstrate that both the dragonfly wings and the black silicon surfaces are 
lethal for the bacterial cell types studied, despite their differences in surface chemistry and 
wettability. Insect wings and black silicon surfaces were lethal to the Gram-negative 
Pseudomonas aeruginosa, Gram-positive Staphylococcus aureus and Bacillus subtilis bacterial 
cells. Both surfaces were also effective against B. subtilis spores, which are highly resistant to 
most forms of sterilisation. The bactericidal efficiencies of both the wing and silicon surfaces 
were very similar in most cases, with each square centimetre killing in excess of 100000 cells per 
minute in the case of S. aureus, however the black silicon was almost twice as effective as 
dragonfly wings at killing Pseudomonas aeruginosa cells; inactivating > 70000 cells cm-2 min-1. 
Our results demonstrated that (i) D. bipunctata wings are highly effective bactericidal surfaces, 
(ii) a simple ion etching technique can be used to produce antibacterial nanomaterials from 
silicon wafers based on dragonfly wing structures and (iii) these bio-inspired black silicon 
surfaces have enhanced activity relative to their natural counterparts. 

1. Song Ha T. Nguyen, Hayden K. Webb, Jafar Hasan, Mark J. Tobin, Russell J. Crawford, 
Elena P. Ivanova. 2013. Dual Role of Outer Epicuticular Lipids in Determining the 
Wettability of Dragonfly Wings. Colloids and Surfaces B: Biointerfaces. 106: 126 – 134. 

2. Sergey Pogodin, Jafar Hasan, Vladimir A. Baulin, Hayden K. Webb, Vi Khanh K. Truong, 
The Hong Phong Nguyen, Veselyn Boshkovikj, Christopher J. Fluke, Gregory S. Watson, 
Jolanta A. Watson, Russell J. Crawford, Elena P. Ivanova. 2013. Biophysical Model of 
Bacterial Cell Interactions with Nano-Patterned Cicada Wing Surfaces. Biophysical Journal. 
104: 835 – 840. 
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Mucoadhesion, defined as the ability of materials to stick and retain on mucosal surfaces in 
human body, has become a very attractive approach for designing improved delivery systems for 
oromucosal, nasal, ocular, vaginal and intravesical drug administration.1 Polymeric thiomers, 
typically synthesised by conjugation of water-soluble polymers with thiol-bearing moieties, have 
been found to exhibit excellent mucoadhesive properties.2 This communication will report the 
use of new synthetic routes for the development of thiolated nanomaterials: 

1. Self-condensation of 3-mercaptopropyltrimethoxysilane (MPTS) 
Self-condensation of MPTS in aprotic solvents (e.g. dimethylsulfoxide, dimethylformamide and 
acetonitrile), initiated by small quantities of NaOH, results in formation of sub-100 nm 
nanoparticles with thiolated surfaces. These nanoparticles could be easily functionalised via 
PEGylation and fluorescent labelling3,4. The thiolated nanoparticles were found to adhere and 
retain on ocular surfaces, but this ability was lost after their PEGylation.3     

2. Thiol-ene click chemistry using the reagents with non-stoichiometric ratios 
A range of 251 – 554 nm nanoparticles have been synthesised from pentaerythritol tetrakis(3-
mercaptopropionate) (PEMP) and pentaerythritol tetraacrylate (PETA) using thiol-ene click 
chemistry. Different PEMP/PETA ratios dissolved in dimethylformamide were used to form 
nanoparticles with excess of reactive groups (thiols or acrylates) on their surface. Using Raman 
spectroscopy and nuclear magnetic resonance spectroscopy (NMR) it was demonstrated that 
excess of PETA leads to nanoparticles with free acrylate groups on their surface, whereas the 
nanoparticles with thiolated surfaces could be synthesised using the feed mixtures with excess of 
PEMP. The thiolated nanoparticles were fluorescently labelled and were found to adhere to 
mucosal lining of porcine urinary bladder.  

The applications of thiolated nanoparticles in drug delivery will be further discussed.  
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Nanogels are an attractive class of delivery systems. These soft particles, made of highly swollen 
polymer network, can physically entrap a drug and release it at a rate depending on its diffusion 
though the network. Therefore, any change in the swelling ratio can trigger the release kinetics. 
In this work, thanks to the rational preparation of monodisperse and stable emulsions, we 
develop new nanogels made of hyaluronic acid with a controlled structure, which can swell or 
shrink in response to pH or glucose. These biocompatible and degradable matrices can 
encapsulate a drug and release it according to these stimuli. 

Hyaluronic acid (HA) is a linear polysaccharide with acknowledged biocompatibility. HA is 
functionalized with polymerizable methacrylate functions to be processed as network1 and with 
phenylboronic acid, a ligand of glucose, to introduce the glucose sensitivity. To get nanogels, 
this linear water-soluble polymer is confined in aqueous nanoreactors for further cross-linking. 
Water-in-oil nanoemulsions is chosen as template. Attention is paid to formulate stable and 
monodispersed nanoemulsions, which yield well-defined nanogels. Cross-linking is achieved via 
photopolymerization which allows a fine control of the polymerization conversion rate. As a 
consequence, their swelling properties is modulated2 in different environments. We show that 
non-functional HA nanogels can be used as pH-responsive delivery systems for insulin (Fig. 1). 
Moreover, phenylboronate-functional nanogels exhibit glucose-responsiveness, which opens the 
route for the closed-loop release of insulin. Biocompatibility and enzymatic degradability is 
confirmed, thus proving their interest for in vivo use. 

 

 

Fig. 1 a) Stimulus-triggered drug release; b) TEM image of HA-based nanogels. 
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Biofilms are highly complex biological assemblies composed of bacterial cells embedded in an 
extracellular polymeric matrix. Biofilms are ubiquitous in any aqueous media and can cause 
severe environmental and health problems. Therefore it is intriguing to understand the 
influencing factors on formation and destruction of biofilms [1]. In this contribution, we study 
the transient structural development of air-water bacterial biofilms by interfacial rheology [2]. 
Model bacteria capable of forming biofilms at the water-air interface were chosen such as 
Eschericha coli, Bacillus subtilis, and Pseudomonas fluorescens. To measure the interfacial 
rheology of water-air biofilms, the subphase-exchange interfacial rheological setup is used to 
study the effects of external influences (e.g. pH changes, ionic strength changes, addition of 
surfactants) on the biofilm without destroying the interface [3]. To support the observed 
structural changes, the surface tension was measured over time with a pendant drop tensiometer. 

All three bacteria showed a characteristic viscoelastic growth profile of their biofilm depending 
on growth media and temperature. Through the observation of the transient elastic moduli, we 
were able to observe the complex bacterial biofilm lifecycle. After biofilm formation, the film 
was stressed by external factors through the addition of a surfactant (Tween 20) and by lowering 
the pH with hydrochloric acid. The addition of Tween 20 to Pseudomonas fluorescens biofilms 
led to an immediate loss of elasticity with a subsequent recovery, whereas for Bacillus subtilis no 
visible effect was observed. For Bacillus subtilis the interfacial rheological data additionally 
unveiled the production of a surfactant-based spread aid rationalizing the limited response to the 
added Tween 20. The pH decrease from pH 7 to 4 revealed a strong dependency of pH on the 
elastic biofilm properties, as a complete loss of elasticity was observed at low pH.  
Interfacial rheology proved to be a valuable tool for studying biofilms as the influence of 
temperature, media type, bacterial strain, pH and surfactant concentration could be observed 
successfully during biofilm formation.  
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Controlling of the morphology and assembly of graphene oxide (GO) is important in the 
structure design of carbon materials using GO sheets as building blocks. In this work, we have 
studied GO assembling driven by the dissolution of a microdroplet immersed in a surrounding 
liquid phase. The as assembled GO structures were highly crumpled with exotic morphology, 
which we refer to as GO snowballs (Fig.1). The detailed structure of GO snowballs was closely 
related to the dissolution dynamics of the droplet, which could be adjusted by the composition of 
the surrounding liquid. We have also studied the effects of salts and obtained two kinds of 
structures. One was a GO snowball with small salt crystals inserted between sheets, which 
formed with a low initial concentration of insoluble salt in the GO dispersion. The other was a 
hybrid nanostructure containing NaCl or KCl crystals on a GO snowball, which formed with a 
high initial salt concentration in the suspension.  In addition, we report the novel nanodent-
decorated GO snowballs formed by templating the spontaneously formed microdroplets through 
spontaneous emulsification (ouzo effects). Such highly crumpled snowball structures may find 
applications in super-capacitors or catalyst support. 

 
Fig. 1 SEM images with different resolutions of the structure of a  

GO snowball assembled in a dissolving microdroplet. 
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Thin liquid film is introduced as an adequate model system for studying the structure, stability, 
molecular interactions and lateral mobility in the surfactant layer on the alveolar surface. 
Microscopic foam films studied by means of the microinterferometric technique enable 
introducing new parameters and measuring new dependences in order to characterize the 
structures at alveolar surface and their stability. The conditions for film formation are close to 
the physiological in order to “serve” the in vivo situation. The very sensitive parameters related 
to formation and stability of black foam films led to characterize therapeutic surfactants used in 
clinical practice. 
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Fat-soluble vitamins have an important nutritional role in humans, and numerous health 
alterations are produced if their intake is not sufficient. For this reason, the preparation of 
vitamin supplements or the enrichment of conventional foods with vitamins is an interesting 
strategy to overcome its deficiency. However, their incorporation is not straightforward due to 
their poor water solubility and high instability under UV light, high temperatures or in the 
presence of oxygen. Hence, there is a need for the development of new technologies for the 
fortification of food with fat-soluble vitamins. In this context, we have used β-cyclodextrins as 
encapsulating agents to protect Vitamin A palmitate against its degradation to be used for food 
applications. Cyclodextrins have been extensively used in various applications due to their cyclic 
structure with a dual nature: a hydrophilic exterior with a hydrophobic cavity. Such interesting 
structure allows them to form inclusion complexes, where hydrophobic molecules can be hosted 
within the cavity [1]. However, in most of the cases organic solvents are used to disolve the 
hydrophobic guest and facilitate the complexation process, which is not desired if the complex is 
envisioned for food applications. In the present work, complexes of Vitamin A palmitate with β-
cyclodextrin were successfully prepared in an aqueous solution with no need of cosolvents. The 
obtained inclusion complex was characterized by IR and UV-Vis measurements. Moreover, the 
stability of both the free and the encapsulated vitamin under extreme environmental conditions 
was also studied by TGA, DSC and using a UV lamp. The obtained results revealed that β-
cyclodextrins were helpful protecting Vitamin A palmitate against UV light, high temperatures 
or in the presence of oxygen. Therefore, the obtained complexes could be incorporated in water-
based food such as beverages or milk among others. Moreover, as the inclusion complex 
presents an amphiphilic structure their use as surface active agent is also envisaged. 
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The functionality of polymeric nanoparticles (NPs) for biomedical drug delivery applications 
strongly depends on their size. The preparation of such particles can be performed by 
nanoprecipitation [1] of polymers or (block)copolymers into a bad solvent. In the presence of a 
stabilizing surfactant the size is governed by kinetics. We describe the diffusion-limited 
coalescence [2] process using a simple von Smoluchowski theory [3] for the size of NPs formed. 
Two relevant time scales, a mixing and a coalescence time, are identified and their ratio is shown 
to determine the final NP diameter. The size is found to scale in a universal manner and is 
predominantly sensitive to the mixing time and the polymer concentration if the surfactant 
concentration is sufficiently high. Theoretical predictions are in good agreement with 
experimental data [4].  
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A drive towards creating biologically relevant functional surface coatings has led to the 
emergence of polysaccharide-based polyelectrolyte multilayers (PEM) for applications in 
biomaterials.  These polysaccharide-based PEM surface coatings are formed easily through the 
Layer-by-Layer (LbL) assembly technique. In this study, we focus on the formation and 
properties of polysaccharide-based PEM consisting of alternating layers of polyanionic fucoidan 
and polycationic chitosan.  Whereas chitosan is a well-studied component of polysaccharide 
PEMs, fucoidan, a sulfated polysaccharide extracted from seaweed, is relatively little studied in 
PEM formation.  The formation of the fucoidan/chitosan PEM were investigated by zeta 
potential measurements, X-ray photoelectron spectroscopy (XPS), quartz crystal microbalance 
with dissipation monitoring (QCM-D), spectroscopic ellipsometry, and Attenuated Total 
Reflection (ATR) FTIR.   

The zeta potential measurements revealed a periodic charge reversal of the PEM upon adsorption 
of each polyelectrolyte layer until the desired number of layers was obtained.  Using QCM-D it 
was possible to follow the adsorption during the PEM build-up and elucidate the viscoelastic 
properties of the PEM using a Voigt model. An increase in both viscosity and shear modulus of 
the films was observed during buildup. Thickness measurements using spectroscopic 
ellipsometry showed that the thickness of the PEM increased supra-linearly upon the addition of 
each bilayer.  

In addition to the characterization of PEM formation, the performance of the PEM as lubricants 
between two solid surfaces has been studied with colloid probe atomic force microscopy.  These 
force measurements have been supplemented by in situ synchrotron FTIR spectroscopy of the 
PEM from within a solid-solid contact. 

 
 



Direct Contact of Cisplatin-Loaded Cubosomesand Hexosomes 
with Human Plasma: SAXS Study 

Intan Diana Mat Azmi1*, Christa Nilsson 1, Stefan Stürup 1,Jesper Østergaard 1,Bente Gammelgaard1, 
SeyedMoeinMoghimi2, ArtoUrtti3, Anan Yaghmur1. 

1 Department of Pharmacy, Faculty of Health and Medical Sciences, University of Copenhagen, 
Universitetsparken 2, DK-2100 Copenhagen, Denmark 

2 Centre for Pharmaceutical Nanotechnology and Nanotoxicology, University of Copenhagen, Denmark 
3 Centre for Drug Research, University of Helsinki, Helsinki, Finland 

* - intan.azmi@sund.ku.dk 

The experiments were designed to mimic the direct exposureof self-assembled cisplatinnanocarriersbased on 
cubosomes and hexosomes to biological environment after IV administration. They were performed under 
physiological conditions to fully understand the dynamic behavior of these liquid crystalline particles. The 
structural events occurring particularly within 17 hours after this direct contact with human plasma were 
investigated using small angle X-ray scattering (SAXS). The internal nanostructures of the lipidic aqueous 
dispersions after mixing with different concentrations of plasmaat different time intervals were investigated. 
In particular, the effect of different lipid compositions on the internal nanostructures of cisplatin-free and 
cisplatin-loaded cubosomes and hexosomes was evaluated. The investigated dispersions were either neutral 
or negatively charged. Theybased therefore on phytantriol (PHYT), PHYT/vitamin Emixture, or a binary 
mixture of PHYT with the negatively charged lipid 1,2-distearoyl-sn-glycero-3-phosphoglycerol (DSPG). 
The obtained SAXS patterns show a strong interaction of the neutral PHYT-based formulation with human 
plasma. It triggered the structural transition of the internal biphasic nanostructure (a bicontinuous cubic 
phase of the symmetry Pn3m co-existing with inverted type hexagonal (H2) phase) to completely neat H2 
phase (hexosomes) after 17 hr of incubation in human plasma. In addition, the results revealed an interesting 
different behavior ofhexosomes based on the neutral lipids (8 wt % of PHYT of total dispersion 
concentration)than that based on the binary phytantriol/DSPG mixture with a weight ratio of 90/10. The 
neutral cisplatin-free and cisplatin-loaded hexosomal formulations based on PHYT/vitamin E mixture with a 
constant weight ratio of 90/10were stable within the investigated time of the experiment (incubation up to 17 
hours in human plasma without any change in the internal H2 phase). Clearly, there is no indication on the 
interaction of the dispersions with plasma components that could affect the internal nanostructure. However, 
the internal H2 nanostructure of hexosomes in the presence of DSPG is affected upon direct contact with 
human plasma. An additional peak is observed at lower q value in the obtained SAXS patterns after 10 min 
of incubation. It indicates most likely the formation of traces of new swollen H2 phase coexisting with the 
initial H2 phase. The findingsreveal that the effect of human plasma on the internal structures of these 
nanostructured dispersions is strongly affected by the lipid composition. The presence of the negatively 
charged lipid DSPG is most likely shows a binding effect to plasma components, thus induces a slightly 
change on the internal nanostructure of hexosomes upon direct contact with human plasma.  
 

 
Fig. 1 SAXS scattering patterns of panel A: neutral dispersion based on PHYT and panel B: negatively 
charged aqueous dispersion based on the binary PHYT/DSPG mixture before and after mixing at different 
volume ratios of the investigated dispersion to human plasmaat 37°C. 
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We use optical tweezing electrophoresis to determine the electrokinetic mobility of an individual 
particle in a colloidal suspension (Fig. 1). The particle is held by optical tweezers to counter 
diffusion by Brownian motion, allowing a fast and sensitive detection of its position over a long 
time with the aid of a quadrant detector. The particle is then subjected to an AC electric field, 
and its position is registered. From the amplitude of its oscillatory movements, the particle 
mobility can be derived. 

The sensitivity of this method has been demonstrated by mobility measurements in both polar  
[1,2] and non-polar [3] media. We use optical tweezing electrophoresis to investigate the binding 
between a biotinylated particle and avidin. Since the latter has a highly positive zeta potential at 
pH 7, the electrophoretic mobility of the particle increases when it undergoes a binding with 
avidin molecules. Hence, the particle mobility is directly related to the number of avidin 
molecules bound to it. This property is used to determine the concentration of avidin in a buffer 
solution. 

By employing specifically designed microfluidic devices, the signal-to-noise ratio of the 
mobility measurements can be increased and dynamic monitoring of the concentration can be 
demonstrated. This allows for more sensitive experiments to which the rate of the binding 
process can be linked. 

 

Fig. 1 Representation of the optical tweezing electrophoresis setup to determine the 
electrokinetic mobility of individual particles. The oscillation amplitude of a functionalized 

particle in an AC-field is monitored, while it is held by optical tweezers. 

Literature: 

1. R. Galneder, V. Kahl, A. Arbuzova, M. Rebecchi, J.O. Rädler and S. McLaughlin. 2001. 
Biophysical Journal 80(5):2298-2309. 

2. J.A. van Heiningen and R.J. Hill. 2011. Macromolecules 44:8245-8260 
3. F. Beunis, F. Strubbe, K. Neyts and D. Petrov. 2012. Physical Review Letters 108:016101 
  

Acknowledgements: 
We thank the agency for Innovation by Science and Technology (IWT) for their support. 



27th ECIS Conference  1 - 6 September 2013, Sofia, Bulgaria 

 1 

Plasmonic Supra-Colloidal Structures: 
From Assembly Principles to Applications  

Andreas Fery 1*, Nicolas Pazos-Perez 1, Mareen B. Müller 1, Moritz Tebbe 1, Christoph Hanske 
1, Matthias Karg 2, Alexander Wittemann 3, Ramon Alvarez-Puebla 4, Luis Liz-Marzan 5 

1 – University Bayreuth, Physical Chemistry II,Universitätsstr. 30, 95447 Bayreuth, Germany  
2 – University Bayreuth, Physical Chemistry I,Universitätsstr. 30, 95447 Bayreuth, Germany 

3 – University Konstanz, Department of Chemistry, Colloid Chemistry group, Universitätsstr. 10, 
78457 Konstanz, Germany 

4 – Universitat Rovira i Virgili Tarragona, Department of Electronic Engineering & Center for 
Chemical Technology of Catalonia, Avda. Pasos Catalans, 2643007 Tarragona, Spain 

5 – CIC Biomagune, Biofunctional Nanomaterials Unit, Paseo de Miramón 182, 20009 Donostia 
- San Sebastián, Spain 

* - andreas.fery@uni-bayreuth.de 

Plasmonic nanoparticles provide excellent means for controlling electromagnetic near-fields at 
optical frequencies, which has lead to a broad range of applications in various surface enhanced 
spectroscopy techniques in the past years. They as well hold great potential as building blocks 
for optical metamaterials.  

While much research is dedicated to understanding nanoparticle synthesis and optimization for 
these tasks, understanding formation of supra-colloidal assemblies and unravelling their 
structure-property relations is still in its infancy. We discuss different assembly routes for the 
formation of well-defined supra-colloidal structures like linear assemblies [1], nanoparticle-
clusters [2] and 3-dimensional ordered systems [3]. It turns out, that interfacial templating effects 
are a powerful tool for controlling particle order with nanoscale precision. We discuss the 
underlying physic-chemical effects and perspectives upscaling to macroscopic areas as well as 
perspectives for applications in Surface Enhanced Raman Spectroscopy.  
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Semiconductor quantum dots (QDs) have attracted a great deal of attention in material science, 
because of their size-dependent and tuneable emission properties. In addition, periodic 
arrangement of QDs has many possibilities in application for novel nano-electronic device. 
Liquid-crystalline (LC) organic-inorganic hybrid dendrimer has been reported with use of 
spherical gold nanoparticles (NPs) as an internal core through modification by LC dendron self-
organized in simple cubic structure.1 Thus, we focused our attention on the introduction of such 
self-organization ability into QDs. Here, if monodispersed CdS NPs are used as the internal core, 
3D-aligned QDs with dendritic corona would be obtained as applicable  
to future functional devices. Initially, CO2H-modified CdS NPs C1-
C3 were prepared as the internal core of the dendrimer. Also, 2nd 
generation dendron G2 with an amino-group at the apex was 
synthesized (Figure 1). Modification of C1-C3 by G2 was carried 
out by amidation reaction. Average particle size of C1, C2, and C3 
were calculated as 3.9, 3.9, and 3.8 nm, respectively from Figure 2a, 
b, c. Figure 2d shows a TEM image of G2 modified C1 (G2/C1). 
The interparticle distance of G2/C1 expanded into ca. 9 nm after 
modification with G2. The numbers of G2 molecules per one 
particle for G2/C1, G2/C2, and G2/C3 were assigned as 69, 54, and 
47 molecules, respectively, from TG analysis. SAXS and DSC 
measurements showed that G2/C1 exhibited thermotropic LC phases 
in wide range of temperatures. At 150 °C, G2/C1 formed cubic LC 
phase which could be assigned as a simple cubic structure. On the 
other hand, such self-organized LC structure was not found for 
G2/C2 and G2/C3. G2/C1 showed photoluminescence (PL) excited 
by UV irradiation at 365 nm. A significant decrease in the emission 
intensity was observed with increase in temperature. At 150 °C, 
where G2/C1 self-organized in cubic LC structure, PL was almost 
quenched. Only C1 showed no significant quenching of the 
emission. Such PL quenching would be derived from the periodic 
structure of G2/C1. The detailed analysis on PL quenching is now in 
progress.  

Reference: 
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Figure 1. Structure of dendron 
G2. R = C12H25-. 

Figure 2. TEM  images of  (a) 
C1; (b) C2; (c) C3; (d) G2/C1. 
The scale bar in (d) is common 
for all images. 
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It is well known [1] that clusters generated from colloidal aggregation driven by Brownian 
motion are typical fractal objects with the fractal dimension in the range of Df = 1.75-1.85 under 
the diffusion-limited cluster aggregation (DLCA) conditions. However, after systematically 
analysing the Df values for the DLCA clusters determined experimentally from the scattering 
structure factor in the literature, we have found that the fractal dimension decreases significantly 
as the primary particle radius increases, as shown in Fig. 1 (open circles). To verify such a 
finding, we have properly designed the DLCA experiments under density-matched conditions, 
using different radii of the primary particles, and determined the fractal dimensions of the 
generated clusters. Our results have well confirmed that the fractal dimension of the DLCA 
clusters indeed decreases as the primary particle radius increases (see filled circles in Fig. 1). To 
explore the mechanism leading to such dependence, we have performed intense computations 
through the full T-Matrix theory [2], and we conclude that this is not related to the effect of the 
intra-cluster multiple scattering on the slope of the scattering structure factor. The large fractal 
dimensions of the clusters generated by very small nanoparticles could be explained by thermal 
restructuring due to their low bonding energies. On the other hand, since the Df values for the 
DLCA clusters obtained from numerical simulations (e.g., Monte-Carlo), where no thermal 
restructuring is taken into account, are always larger than 1.7, the fractal dimensions Df<<1.7 for 
large primary particles in Fig. 1 are difficult to explain. It follows that the physics behind the 
phenomenon in Fig. 1 is still unknown. 
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Fig. 1 The Df values of the DLCA 
clusters determined in this work (ò) 
together with those collected from the 
literature (ö) based on the power-law 
regime of the scattering structure factor, 
plotted as a function of the primary 
particle radius, a. 
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One approach to achieve self-propulsion at the microscale consists of transforming chemical free 
energy into mechanical work [1]. An asymmetric decoration of a colloid with a catalyst, which 
promotes an activated reaction in the surrounding liquid medium, can generate dynamical 
concentration gradients and, via interfacial interactions, lead to self-phoresis. Such catalytically 
active colloids are expected to be used for, e.g., active sensing or cargo transport at the micro-
scale. We discuss here analytical and numerical results for two model systems (see Fig. 1), 
focusing on the case of self-diffusiophoresis [2] and highlighting the influence of shape, catalyst 
decoration, and reactants/products affinity for the colloid surface on the emerging motion.  

 
Fig. 1 A hemispherical active colloid (left) and an active carrier-cargo system (right). 

The first example is a hemispherical active colloid; this shape is axi-symmetric but does not 
posses fore-aft symmetry. Its velocity depends on the direction of motion, which is decided by 
the overall repulsive or attractive character of the effective interactions between the 
reactants/products and the colloid. The second example is a catalytically active spherical particle 
(carrier) connected by a thin rigid rod to a spherical, catalytically inert particle (cargo). 
Generalizing previous results [3], here we discuss this system in the most general setting of 
different radii (R1, R2), reactants-surface interactions (Y1, Y2), and as a function of the catalyst 
coverage. The connection with recent experimental realizations [4] is also critically discussed. 
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Hierarchically structured materials prepared from colloidal particles as building blocks or 
templating objects are currently investigated for a vast range of potential applications. In this 
direction, we have been studying various strategies to prepare colloidal hierarchies, and present 
here a versatile and simple method to fabricate porous composite materials with a hierarchical 
ordering on several length scales. The fundamental templating motifs are colloidal assembly 
structures, which can be conveniently accessed by well-established convective assembly 
methods. We demonstrate the preparation of inverse opal structures with a range of materials, 
such as SiO2, TiO2, and Al2O3 (Fig. 1). Furthermore, this host matrix can be further infiltrated 
and modified by a second type and size of particles, yielding a drastically finer structured, 
intercalated phase with a superlattice. Yet, this second phase can serve as a template to be 
replicated into a sophisticated porous material. 

These sequential infiltration and removal steps allow for a flexible combination of inorganic 
solid phases. Their multi-level structuring at several length scales holds promise for applications 
in catalysis or photovoltaics, where hierarchically structured interfaces play a crucial role. 

Finally, the complex hierarchical material can be inverted to its polymer replica by monomer 
infiltration and polymerization. 

 
Fig. 1 Fabrication scheme of double periodic inverse opals based on multiple colloidal self-
assembly steps. 

 

Literature: 

1. Retsch, Markus; Jonas, Ulrich, 2013, "Hierarchically Structured, Double-Periodic Inverse 
Composite Opals", Advanced Functional Materials, doi: 10.1002/adfm.201300803 



27th ECIS Conference  1 - 6 September 2013, Sofia, Bulgaria 

 

1 

Growth and Heterogenous Aggregation of Calcium Silicate 
Hydrate: Insight from Statistical Mechanics 

Christophe Labbez 1*, Maxime Delhorme 1,2, Bo Jönsson2, Martin Turesson1, André Nonat1 

1 – Laboratoire Interdisciplinaire Carnot de Bourgogne, UMR 6303 CNRS, Université de 
Bourgogne, F-21078 Dijon Cedex, France 

2 – Theoretical Chemistry, Lund University, POB 124, SE-221 00 Lund, Sweden 
* - Christophe.labbez@u-bourgogne.fr 

Calcium silicate hydrate (C-S-H) are negatively charged nano-platelets that confer the cohesive 
properties of concrete due to ion-ion correlations [1]. C-S-H are produced during the reaction of 
cement hydration which consist in the progressive dissolution of cement clinker (mainly tri-
calcium silicate). C-S-H nucleates onto the dissolving surface of clinker grains and C-S-H 
platelets grow until they have reached a very limited size [2]. The hydration proceeds as long as 
the supersaturation with respect to C-S-H is maintained with a continuous germination/growth of 
new platelets that grow next to the previous ones forming a network. The aggregation of the 
platelets onto the clinker surface is strongly oriented and depends on the ionic content of the 
solution. Low pH and low calcium concentration promotes a lateral aggregation of platelets (i.e. 
next to each other) and a high calcium concentration and pH promotes an axial aggregation of 
the platelets (i.e. on top of each other) [3]. Both the limited growth of individual C-S-H platelets 
and their aggregation mode are intriguing observations. In particular, the main question is 
whether these processes are controled by kinetics or by thermodynamics. In this contribution, we 
explore these processes at the level of the full primitive model (explicit colloids and ions) by a 
combination of Monte Carlo and molecular dynamics simulations [4]. In the low coupling 
regime, i.e., weakly charged platelet in presence of low salt concentration, the growth of a single 
platelet is found to be limited by its own internal repulsion dominated by the counterion entropy. 
For a strongly coupled system, that is with high charge density and multivalent counterions, the 
energetic interactions become relatively more important and the entropy of the system plays less 
role. As a consequence, the electrostatic interactions gradually become less of a hindrance for 
growth and in extreme cases electrostatics actually promotes the growth. On the other hand, at 
high calcium concentration and strong C-S-H charge, the axial aggregation is found, in good 
agreement with experiments, to be favored as a result of the formation of platelets stacks onto the 
surface. Finally, at low calcium concentration and weak C-S-H charge, the energetic interactions 
are found to be strong enough to promote the adhesion of the platelets to the surface but not 
between themselves. As a result, the surface is found to be rapidly covered by platelets, again in 
good agreement with experiments. 
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Molecular dynamics simulations were performed to study the ion and water distribution around a 
spherical charged nanoparticle [1]. A soft nanoparticle model (Fig. 1) was designed using a set of 
hydrophobic interaction sites distributed in concentric spherical layers. Four charged 
nanoparticle models were studied in NaCl and CaCl2 salt solutions at different concentrations. A 
series of simulations covering different conditions was carried out to evaluate the effect of the 
surface charge, valence of counterion, and concentration of added salt. Different permeability 
was observed for Na+ and Ca2+ ions. Monovalent ions are more accumulated inside the 
nanoparticle surface, whereas divalent ions are more accumulated just in the plane of the 
nanoparticle surface sites. The increasing of the salt concentration has little effect on the 
internalization of counterions, but significantly reduces the number of water molecules that enter 
inside the nanoparticle.  

Fig. 1 Snapshot of a simulation of the −100e charged nanoparticle in 1 M NaCl solution. Only 
water molecules, Na+ ions (in blue), and Cl− ions (in red) close to 1.0 nm from the nanoparticle 
surface are displayed  
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Colloidal nanoparticles have attracted much attention due to their unique properties and 
promising applications. Synthetic procedures are known and have been investigated since 
Faraday’s ground-breaking experiments about gold colloids more than 150 years ago.[1] 
However, a profound understanding of the underlying nanoparticle formation processes is still 
missing.[2]  

Recently, we introduced novel setups and techniques which enable the determination of the size 
evolution and concentration of colloidal nanoparticles throughout the growth process. These 
technical developments have been the key to determine the growth mechanisms of several metal 
colloid syntheses. [3]-[6] 

The comparison of the different mechanisms reveals fundamental principles of nanoparticle 
growth that are in contrast to present nucleation and growth theories. For the investigated 
systems it was shown that growth is only governed by colloidal stability whereas a process of 
nucleation has no significant effect on the final particle size distribution. Instead, a novel model 
is presented that provides a comprehensive understanding of the fundamental principles of 
colloidal nanoparticle growth. Exemplified for gold, silver and palladium nanoparticles, it will be 
demonstrated that the gained mechanistic knowledge allows improving and developing strategies 
for size controlled syntheses of nanoparticles without additional stabilizing agents. 

In summary, three major issues in colloidal science are addressed: (i) experimental techniques 
and methods to investigate nanoparticle formation processes in-situ and time resolved; (ii) 
fundamental principles of nanoparticle growth deduced from mechanistic information of several 
nanoparticle syntheses;(iii) precise size control of colloidal metal nanoparticles. 
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Gold nanorods are one-dimensional gold crystals [1]. The aspect-ratio (AR: ratio between length 
and diameter) of gold nanorods is one of the most important parameters for industrial application. 
For instance, low-AR (AR < 10) gold nanorods are useful for chemical sensors and medical 
probes, on the other hand, high-AR (AR > 20) gold nanorods are expected for electrodes, 
nanogap electrodes and nanorod arrays. However the industrial applications of high-AR gold 
nanorods are less advanced than those of the low-AR gold nanorods. It is because the method on 
controlling size and the high-yield synthesis of high-AR nanorods has not been enough 
established, compared to the case of low-AR gold nanorods. It is therefore important to achieve 
both size-controlled high-AR nanorods and their high-yield synthesis for the industrial 
application. In this presentation, we will show the size control (diameter and length) of high-AR 
gold nanorods by the interaction with surfactant molecules. 

It is well known that gold nanorods are synthesized with the reduction of Au ions in a surfactant 
solution [1]. To reveal the determination mechanism of gold-nanorod diameter, we synthesized 
nanorods in octadecyltrimethylammonium bromide (OTAB) solution by seeding method.  The 
growth process was observed with scanning electron microscopy (SEM).  The surfactant self-
assembly in a growth solution was observed with small-angle neutron scattering (SANS) and 
was determined by fitting the scattering profiles. These results indicated that the gold-nanorod 
diameter is affected by the curvature of the surfactant bilayer covering the nanorod surface (Fig. 
1) [2]. In addition to the determination mechanism of gold-nanorod diameter, that of gold-
nanorod length will be also discussed from the viewpoint of the effect of the number of crystal 
nuclei and the stability of Au ion before the 
crystallization [3].  
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Fig. 1 SEM image of gold 
nanorods and the schematic 
illustrations of the cross-section of 
each gold nanorod with surfactant 
bilayer. 
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Colloidal systems (e.g. surfactants, dispersions, emulsions etc.) are intensively investigated 
systems in current science. Consequently, an essential point is the careful characterization of 
these systems in-situ. The small angle X-ray scattering (SAXS) technique offers precise and fast 
measurements to investigate parameters such as size, shape, inner structure and interaction 
effects of particles. Thus, SAXS is a complementary method to TEM, AFM, or NMR techniques.  

In the past,SAXS measurements were mainly performed at synchrotron facilities.Thanks to 
recent developments, laboratory instruments have become an excellent alternative(Fig. 1). 

We are going to present the latest developments and trends in the field of laboratory SAXS 
instruments as well as novel techniques in sample positioning which are commonly known from 
synchrotron measuring stations. 

 
Fig. 1:SAXS measurements on lab systems are an excellent alternative to Synchrotrons 
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Microelectronics can be considered thequintessenceof the age of information technology. Its 
processing is however often highly integrated, far from open access in the process chain, and 
hardlyadaptable.In this sense, functional printing techniques have been identified as the most 
promising approach for simpler and cost effective electronics.However, for a full development, 
still some problems have to be overcome, e.g. the use ofthermallyunstablesupportsstrongly 
hinders the integration in processeswere high temperatures are required. The combinationof 
printing techniques with well-established high temperature processing methods is then a key 
requirement for future microelectronics. 
To overcome these challenges without sacrificing simplicity, we set up a remarkably easy, low 
costs and general procedure to turn ordinary cellulose into microstructuredgraphenenano-
assemblies, usinga paper support and an iron-basedcatalytic ink as two reactants to generate 
functional carbon/ceramic arrays (namely Fe3C@C)1.As the catalyst can be printed on the paper, 
these materials are also available in 2D-patterned arrays, e.g. for microstructured electrodes via 
facile ink-jet processing techniques and can be also used for further modification,e.g.electro-
deposition of copper(Fig. 1).  
 

 

 

 

 

 
Fig. 1 Preparation of the patterned electrode, from left to right:printed iron-based ink on 
paper,after thermal treatment to convert the ink into carbon/ceramic arrays, and after metal 
deposition. 
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Nano- and microcapsules are important as delivery systems as well as microreactors. [1] It has 
been frequent to make them by using microparticles as templates, coating it with polymers, and 
finally dissolving the template. In the case of inorganic templates the last step implies to work 
under chemically aggressive conditions (e.g. use of HF for silica particles). In the case of 
polymer templates it cannot be ensured that all the polymer chains have diffused out of the 
capsule.[2] In this communications we describe a simple method to coat liposomes (neutral or 
charged) with polyelectrolytes and/or nanoparticles using the layer-by-layer method. Figure 1 
illustrates the coating procedure. 

 

 
 

Figure 1: Scheme of the coating process of a liposome using the layer-by-layer method. PAH: 
poly(diallyl dimethyl ammonium) chloride. PSS: sodium poly(styrene sulfonate). 

 
Different pairs of polyelectrolytes (PAH, PSS, PGA, PLL) and also charged latex particles have 
been used for building the multilayers. Mixtures of phospholipids (DOPC, DPPC) and a cationic 
(DODAB) have allowed us to use both cationic liposomes (DOPC+DODAB) over a broad 
surface charge density range, and zwitterionic liposomes. The number of layers and the nature of 
the polymers determine the diffusion through the wall of the capsule, as well as its stability. 
Capsules with up to ten polymer layers have been produced that remained stable for months, and 
resisted centrifugation. The structure of the coatings has been studied by light and neutron 
scattering techniques. 
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We present our computational research of the layer-by-layer (LbL) self-assembling 
process of colloidal particles [1]. Experimental research using this technique, excellent for 
fabricating multilayers with certain characteristics, has often been reported in the literature. 
Procedures for the LbL assembly are relatively simple and can be automated. Hence, the usage 
of this method in various fields has significantly increased over the past few years. Because of 
major practical importance, mono- and bi-layer deposition of particles has extensively been 
studied. However, despite their increasing significance for the preparation of nano-structured 
porous materials, functional multilayers of more than two particle layers are less discussed in the 
literature and thus less known [2, 3]. Therefore, we have conducted in-depth analysis of the 
structure and surface properties of the LbL multilayers. For this purpose we have generated five 
multilayer structures of monodisperse spherical particles according to a generalized model of 
random sequential adsorption of hard spheres. The multilayers, each created at a different single-
layer surface coverage, are of similar thickness. We have analyzed the variation of multilayer 
thickness with the number of adsorbed layers. We have also calculated the root-mean-square 
roughness of the multilayers as a function of the number of adsorption cycles. Finally, we have 
determined the specific surface area of the porous films as a function of the distance from the 
solid substrate. Our results suggest that the multilayer thickness is directly proportional to the 
number of adsorption cycles. The average single-layer thickness grows asymptotically with the 
single-layer coverage. We have also found that with the number of adsorbed layers the multilayer 
roughness increases to an asymptotic value. We have observed oscillatory variations of the 
multilayer specific surface area, decaying exponentially with the distance from the substrate. The 
decay length of the oscillation increases exponentially with the surface coverage. Our results 
suggest that all the film characteristics strongly depend on the method of its preparation and can 
be controlled by manipulating the single-layer surface coverage or deposition time. The results 
can be useful for efficient designing multilayers with desired properties. 
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Here we discuss a promising approach to prevent spreading of radioactive materials from 
contaminated surfaces via formation of stable impermeable polymeric films, which are able to 
trap radionuclides selectively and significantly reduce their mobility in the environment. The 
approach is based on immobilization of nanosized selective inorganic sorbents (transition metal 
ferrocyanides, tetravalent oxides, barium/calcium sulfates etc.) into film-forming latexes. 
Commercial siloxane-acrylate latex (Scientific-Production Association “Astrokhim”, 
(Elektrostal, Moscow Region, Russia) and a series of poly(siloxane) latexes with particle size 
108±10 nm varying in content of surface functional groups (carboxylic or amino groups) were 
used for immobilization of selective sorbents. It was shown that transition metal ferrocyanides 
could be synthesized directly in the presence of latex particles using carboxylic functional groups 
as anchoring centers for divalent metal ions sorption and further growth of ferrocyanides 
nanocrystals. The content of surface functional groups has been identified as a crucial parameter 
affecting stability of the materials.  

The effects of composition, pH, and media salinity on the sorption properties of the 
selective sorbents immobilized in latex particles toward 137Cs, 63Ni, and 90Sr have been 
investigated. The dust-suppressing formulations with different latex solid contents varying in 
composition of latex particles and type of selective sorbents were prepared. Conditions of 
coatings formation by spray-drying method were optimized via variation of number of pushes, 
distance from the surface, and solid content of latex in dispersions. Homogeneity, thickness, and 
topography of the coatings were monitored using SEM, Nanofocus and MicroGlider techniques. 
It was shown that despite high variations in thickness of spray-dried coatings, the full surface 
coverage was reached after spraying latex dispersions with solid content >5% and drying for 3-
6 h. Efficiency of coatings to prevent radionuclides spreading was investigated in leaching tests 
on contaminated quartz sand. It was shown that the degree of radionuclides leaching from 
uncoated sand and sand coated with latex dispersions reached up to 80% after 6 h of contact with 
leaching solution, while immobilization of selective sorbents into the latex allowed reducing 
radionuclides leaching from coated surface to <1.5%.  
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We present a facile method to produce water-insoluble, water-responsive and internally structured surface coatings 
via deposition of polyion-surfactant ion "complex salts" dissolved in ethanol. The combination of hydrophobic 
domains and water-responsive structural transitions suggests triggered release of solubilized compounds as a 
possible future application of such films. Polymer-surfactant coatings are not readily made by established strategies, 
such as layer-by-layer deposition. However, since complex salts are soluble in ethanol [1, 2], it is possible to cast a 
film by simply spreading an ethanolic solution onto a surface. Good wettability is found for a variety of hydrophilic 
and hydrophobic surfaces. When an initially dry surface film is exposed to water, it immediately responds by 
adsorbing water and swelling, but it does not dissolve. The structures of the complex salt coatings can be controlled 
by varying the polyion and/or surfactant ion, by adding a co-surfactant or, interestingly, by controlling the water 
activity. As the water content increases the structure may change, for example, from hexagonal to micellar cubic.  
 
A knowledge-based design of structured coatings is possible thanks to previous systematic bulk phase studies of 
mixtures containing CnTAPA complex salts (alkyltrimethylammonium ions paired with polyacrylate) [2, 3]. SAXS 
studies confirm that the same structures are present in the thin surface films as in the corresponding bulk phases. 
Figure 1 shows SAXS profiles for a C12TAPA6000 film at increasing water contents. The observed phase changes are 
reversible upon drying. Incorporation of a water-insoluble long-chain alcohol results in a water-swellable lamellar 
film. 

Figure 1. SAXS profiles for C12TAPA6000  1 min (a), 10 min (b) and 15 min (c) after exposure to water. 
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Polyelectrolyte (PE) brushes are macromolecular films which are grafted to a substrate. Due to 
their unique properties, as specific adsorption, permeability and stimuli-responsive behavior, PE-
brushes can be used for surface modification. For instance, poly-[2-(dimethylamino) ethyl meth-
acrylate] (PDMAEMA), a weak polyelectrolyte with pH-dependent properties, shifts its proton-
isation when pH is varied, or converts into a strong PE by quaternisation. 

The PDMAEMA-brushes were gradually quaternised with deuterated iodomethane. Deuterium 
allows labelling the quaternised sites within the brushes for neutron reflectometry (NR) without 
altering their chemistry. NR was applied to detect the inner structure, density, and thickness of 
the brush after quarternising. Due to the deuterium-labelling it can additionally monitor the 
charge distribution in the brush, laterally and vertically to the substrate. The brushes are fully 
extended (swollen) in saturated water vapour (D2O).                                                          

Fig. 1 Scattering Length Density (SLD) profiles of swollen PE-brushes: Decreasing thicknesses 
and SLDs of the brushes at different sample positions (red to blue: high to low quaternisation). 
Our results present a decrease of the SLD of the brushes in lateral direction, i.e. in direction of 
preparation. This reduction indicates a distinct decrease of charged sites, which are labelled with 
deuterated methyl groups of high SLD. At the same time, the vertical distribution of charges 
seems widely homogeneous along the brush chain. Brush thickness and also the water content of 
the brushes are simultaneously increased with degree of quaternisation. The origin of these 
effects might be, on one side, a more pronounced intermolecular and intramolecular electrostatic 
repulsion and a higher water affinity of the quaternised sites of the brush, on the other side. 

Charge gradients are promising surface modifications, allowing a unidirectional functionalisation 
of thin films. Beside the aspect as tool for surface modification, the tunable internal interactions 
of PE-brushes will also give new inside into the complex interplay of soft matter interactions. 
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Ancient Amontons’ laws of Friction 

Benoit Quignon*, Sean A. Davis, and Wuge H. Briscoe  

School of Chemistry, University of Bristol, Bristol BS8 1TS, United Kingdom 
* - benoit.quignon@bristol.ac.uk 

Due to miniaturisation of modern devices, their reliability and durability becomes friction 
limited. Recent advances in the fabrication of nanostructured surfaces with tuneable topographic 
properties, along with advances in analytical tools such as the friction force microscopy, now 
enable the study the frictional properties of well-defined nanostructured surfaces at the 
nanoscale. In this study, we have studied the frictional behaviour of nanotextured surfaces 

bearing Aluminium Oxide nanodomes[1] (cf. Fig. 1) and Zinc 
Oxide nanorods[2] of varying topographic dimensions by Friction 
Force Microscopy (FFM). 

Our results show that frictional behaviour of the nanodome 
textured surfaces could be described by ancient Amonton’s laws 
of dry friction[3], however the friction coefficient was insufficient 
to fully characterise the frictional behaviour of such nanotextured 
surfaces. Pronounced stick-slip frictional characteristics are 
observed for all the nanodomed surfaces, with the amplitude of 
the stick-slip varying linearly with the applied load. We therefore 
proposed to define a Stick-Slip Amplitude Coefficient (SSAC) to 
characterise the frictional behaviour of such surfaces. 

 
The nanorod-textured 

surfaces, as examined using a colloidal probe, do not however 
obey Amonton’s first law   (cf. Fig. 2), with a non-linear 
relationship between friction and load. Instead, two distinct 
friction-vs.-load regimes are present for certain nanorod 
length and density. In the first regime at low loads, the 
frictional force is dominated by sliding of the probe on the 
rods, whereas in the second regime at higher loads, the elastic 
bending of the rods dominates the frictional force. We thus 
are able to extract Young’s modulus for the nanorods by 
fitting our frictional data, incorporating Hertzian contact 
mechanics. 

Our results show that ancient Amontons’ laws of 
friction, which has been found universally valid for a large 
number of systems, are challenged when surfaces are 
decorated with nanotextures. 
Literature: 
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Fig. 1. AFM micrograph of a 
nanodome-textured surface (a 
section height profile is shown in 
inset). The diameter of the 
nanodomes varied between 20 nm 
and 200 nm. 
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Fig. 2.  Friction vs. applied 
load between a 7 m silica 
colloidal probe and a nanorod-
textured surface. 
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The main advantage of drug delivery vehicles is their possibility to carry the active agent and 
release it in a controlled manner after intravenous administration. This is very important in the 
case of therapy with cytotoxic agents such as anti-cancer drugs. In order to have nano-size 
delivery vehicle with optimum size and properties, different parameters such as organic solvent, 
surfactant type and concentration can be altered during the nanoparticle preparation process [1]. 
In this study the influence of surfactant type and its concentration on physical properties of 
nanoparticles were studied. For this purpose different surfactants and surfactant concentrations 
were applied to decrease the size of doxorubicin-loaded nanoparticles. The size and shape of the 
prepared nanoparticles were characterized by dynamic light scattering (DLS) and scanning 
electron microscopy (SEM), which is shown in Figure 1. The degradation and drug release 
profiles of prepared nanoparticles were examined in situ. Antitumor efficiency of formulated 
nanoparticles was also studied on MDA-MB-231 human breast cancer cells. The obtained results 
demonstrated that nanoparticles prepared by using polyvinyl alcohol 4% as surfactant exhibit the 
smallest size with smooth spherical morphology. While nanoparticles prepared by using Tween 
80 exhibit a delay in degradation and drug release [2].  

 
Fig. 1 . SEM micrographs of nanoparticles prepared with different surfactants. a) PVA 4%, b) 

PVP 4%, c) T80 4%. 
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Nanostructured materials have opened new possibilities for application in novel sensors, biomaterials, 
drug delivery and delivery vehicles. In the last years increasing interest is focused on the structure of 
oppositely charged macromolecules and surfactants. The strong electrostatic attraction between the 
negative charges of DNA and the positive charge of the surfactant aggregates is forming complexes. The 
properties of cationic surfactants and DNA gel particles has been characterized recently [1-3]. However, 
the nanostructure of these complexes is still not clear. In the present communication an overview about 
the preparation and nanostructure of thin films based on four different cationic surfactants and DNA is 
proposed. Three different preparation methods were investigated, the obtained films were washed with 
water, dried at room temperature and analyzed by polarized light microscopy and X-ray measurements. A 
representative image of the textures obtained from polarized light microscopy is shown in Figure 1. The 
experimental results of X-ray measurements suggest a hexagonal packing in these complexes. Further 
insight into the structural properties of the complexes was obtained by Elemental Analysis from 
which the surfactant/base molar ratio was calculated.  Different DNA helices to surfactant rods 
arrangement have been obtained in the complexes ranged to 2:1 or 3:1 depending on the surfactant 
structure. This research could be the basis for new drug-delivery applications of thin films. 

 

(a)  (b)  (c)  (d)   

 

Fig. 1 Representative optical polarized micrographs of cationic surfactant-DNA complexes:  
(a) DNA-CTAB; (b) DNA-MTAB, (c) DNA-ALA and (d) DNA-LAM. The scale bar in (a) corresponds 

to 50μm. 
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Polymers with pre-defined molecular recognition properties have very broad applications. 
Introducing tailor-designed binding sites into polymers can be achieved by molecular imprinting, 
which is particularly suitable for small organic molecules. For large and fragile biological 
entities (e.g. virus and bacteria), it remains challenging to achieve well defined selective 
materials. In this work, we demonstrate that the tendency of bacteria to self-assemble at oil-water 
interface can be utilized to create microbial recognition sites on the surface of organic polymer 
beads. In the present model system, we first treated E. coli cells with acryloyl-functionalized 
chitosan, and then used the bacteria-chitosan complex to stabilize an oil-in-water emulsion 
(Pickering emulsion), which contained crosslinking monomer dispersed in an aqueous buffer. 
After polymerizing the oil phase and removing the bacteria template, we obtained well-defined 
polymer beads bearing bacterial imprinted sites on surface (Fig. 1). Using chemical passivation, 
the adsorption of bacteria by the imprinted beads could be altered, suggesting that both non-
covalent interaction and shape selectivity played important roles for bacteria recognition. The 
method of interfacial bacteria imprinting provides a new route to achieving functional materials 
for separation and detection of microorganisms, and shows great potential for construction of 
cell-cell communication networks, biosensors, and new platforms for testing antibiotic drugs. 

 
Fig. 1 Polymer beads obtained by bacteria-stabilized Pickering emulsion polymerization. 
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We have prepared mesoporous silica using nonionic surfactants as templating agents. The pore 
dimension was varied within the range 4-10 nm and three different particle sizes, 1000 nm, 300 
nm and 40 nm were prepared. The immobilization rate was rapid with trypsin and with an 
esterase but more sluggish with lipases. The immobilized lipase showed very high activity 
however, much higher than lipase free in solution. The immobilized esterase exhibited a 
somewhat changed selectivity compared to free esterase.  The entrapped enzyme was very stable 
towards leaching. Only a small fraction was lost on extensive rinsing with water. Enzyme 
immobilization into porous materials has traditionally been followed by measuring the depletion 
of the enzyme concentration in the surrounding aqueous phase. A novel method based on quartz 
crystal microbalance was developed as a way to continuously monitor the immobilization 
process by assessing the amount of enzyme entrapped in the pores. The immobilization 
efficiency is pH dependent and a method to measure the pH inside the mesoporous particles was 
also developed using a protein bound fluorescent probe, see Fig. 1. Fluorescence spectroscopy 
was also used to study the immobilization kinetics, again using a fluorescent probe covalently 
attached to the protein. 

  

Fig. 1  Use of fluorescence labeling of an enzyme for measuring pH inside the pores of ordered 
mesoporous silica 
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In filtration experiments (Fig.1) we used aqueous suspension containing solid particles of silicon 
carbide (moissanite) of 10 micron average diameter and concentration ~ 106cm-3. The sheet of 
0.9 mm foam rubber, compressed between the planes of polished glass mirrors (Fig.2), which is 
a braiding of polyurethane filaments with thickness of 100 microns with an average pore size of 
600 microns, was used as a porous medium. The porosity of the medium was 0.93, and its 
permeability - 150 Darcy. Before each experiment, the porous layer was filled with water. 
Dissemination of the suspension into the reservoir model occurs under differential pressure 
created at the ends of the reservoir model using a vacuum pump. Monitoring the area of 
penetration of the suspension into the porous medium was conducted using a camera that records 
the light coming through different parts of the medium with different concentrations of filtered 
particles. The density distribution of the particles deposited in the pores was correlated with the 
distribution of brightness on the obtained photographs. 

          

Fig. 1 The experimental setup: 1 - container 
with aqueous suspension, 2,3 - tubes, 4 - sheet 
of foam rubber, 5 - cell, 6 - buffer capacity, 7 - 
gauge, 8 - to the vacuum pump, 9 - backlight, 
10 - camera, 11 – weighing-machine, 12 - to 
the computer interface. 

Fig. 2 Foam rubber cells with retained 
particles: polyurethane fibers diameter - 100 
mm, average pore size - 1 mm, average particle 
size of silicon carbide - 10mm. 

The experimental dependences of the filtration rate which is monotonically decreasing with time 
and the concentration profiles of the particles deposited in the foam rubber at different time were 
obtained. To describe the pore blocking process the probabilistic-sieve model of microfiltration 
[1] has been applied, which allowed us to determine physicochemical parameters of non-
stationary process of aqueous suspension filtering. 
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We study the permeation of polymer chains through the nanoporous wall of hollow capsules in 
dependence on properties of polymers and capsules. The capsules are prepared via Layer-by-
Layer coating of silica particles and their walls have a porous structure caused by dissolution of 
the core. Detailed information about the wall structure, i. e. pore number and size, is available 
from high resolution scanning electron microscopy (SEM) (Fig. 1) [1].  
 

                        
Fig. 1 SEM picture of a freeze-dried 
polymeric capsule  

Fig. 1 Schematic illustration of the capsules 
and probe polymers in two sites 

 
The main focus of this study is the exchange process between free polymers in dispersion (site 
A) and encapsulated chains (site B) (Fig. 2). With diffusion experiments (Pulsed Field Gradient 
NMR) we distinguish polymers in either site by their respective diffusion coefficients DA,B. This 
exchange system can be described by the two-site model. Variation of the observation time in the 
regime of intermediate exchange yields the exchange time tex of chains through the porous 
capsule wall. The dependence of tex on molecular weight Mw has been described by a scaling 
law:  tex ~ Mw

n [2].  
With the information about the capsule wall structure obtained by SEM, we have investigated the 
effect of the heterogeneity of either the number of pores per capsule or the pore size. The 
distribution of pore sizes is correlated to a distribution of exchange times. We are able to 
describe the distribution of exchange times for the first time by varying the measurement 
window. With simulations of a broad exchange time distribution we could verify this 
interpretation.  
 
Literature: 

1. V. Krzyzanek et al, 2011. Polyelectrolyte multilayer capsules: nanostructure and 
visualization of nanopores in the wall. Soft Matter. 13: 7034-7041. 

2. R. Choudhury et al, 2008. Scaling Law of Poly(ethylene oxide) Chain Permeation through a 
Nanoporous Wall. J. Phys. Chem. 112: 13245 

 



27th ECIS Conference  1 - 6 September 2013, Sofia, Bulgaria 

 

How Superhydrophobicity Breaks Down 

Periklis Papadopoulos1*, Lena Mammen1, Xu Deng1, and Hans-Jürgen Butt1 

1 – Max Planck Institute for Polymer Research, D-55128 Mainz, Germany 
* - papadopoulos@mpip-mainz.mpg.de 

Droplets on superhydrophobic surfaces roll off easily, leaving the surface dry and clean. This 
remarkable property is due to a surface geometry that favors the entrainment of air cushions 
beneath the drop, leading to the so-called Cassie state. The Cassie state competes with the 
Wenzel (impaled) state, in which the liquid fully wets the substrate. Despite the fact that 
thermodynamically the Wenzel state is often more stable, the geometry imposes an energy 
barrier that prevents the liquid from wetting the structure. A Cassie-to-Wenzel transition can be 
triggered by vibrations, impact, rapid deceleration, or evaporation. The transition dynamics is 
still poorly understood due to difficulties in monitoring the temporal evolution of the air cushion 
and the liquid–air meniscus between the asperities with sufficient spatial resolution. 

Here, we study the Cassie-to-Wenzel transition of water drops evaporating on arrays of 
hydrophobic micropillars. To understand the underlying processes, we image the impalement 
dynamics in three dimensions by confocal microscopy (Fig. 1). As evaporation proceeds, the 
curvature of the drop and the Laplace pressure increase. The three-phase contact line remains 
pinned until the contact angle reaches the advancing contact angle of the material. Then the 
water slides down the pillars. Alternatively, at large pillar spacing the curved water surface can 
touch the bottom of the substrate triggering an instantaneous Cassie-to-Wenzel transition. 

 

        
Fig. 1 (Left) A water drop (blue) on an array of pillars (yellow) during the Cassie-to-Wenzel 
transition. (Right) The 3D images are taken 5 s apart, showing the slow progress of the 
depinning mode of the wetting transition. The z axis has been magnified by a factor of 10 to 
show the penetration of the drop more clearly. The actual heights of the pillars are 25 (left) and 5 
µm (right). 
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This presentation will describe the use of liquid crystal (LC)-in-water emulsions for the synthesis 
of either spherical or non-spherical particles with chemically-distinct domains located at the 
poles of the particles.  The approach involves the localization of solid colloids at topological 
defects that form predictably at surfaces of water-dispersed LC droplets. By polymerizing the LC 
droplets displaying the colloids at their surface defects, we demonstrate formation of both 
spherical and, upon extraction of the mesogen, anisotropic composite particles with colloids 
located at either one or both of the poles.  Because the colloids protrude from the surfaces of the 
particles, they also define organized, chemical patches with functionality controlled by the 
colloid surface.   

 
 
 
Figure 1: (A) Initial system before emulsification (blue color: aqueous phase; purple spots: 
colloids). (B) After emulsification, formation of bipolar nematic droplets with either 1 (dipolar 
symmetry) or 2 colloids (quadrupolar symmetry) located at the poles. (C) After polymerization 
of the monomer within the droplets, formation of spherical particles with dipolar or quadrupolar 
symmetry. (D) Upon extraction of the mesogen from the polymerized droplets, formation of 
anisotropic particles with dipolar or quadrupolar symmetry. The horizontal dashed line indicates 
a mirror plane in the quadrupolar composite particles. 
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Processes where a solid phase is obtained after complete drying of a suspension is a quiet 
common phenomenon observed in paintings and in industry like for example in the field of 
ceramics preparation. The final structure of the solid obtained is usually difficult to predict since 
it depends on many factors among which: chemical composition of the suspension, wetting 
properties, ambient conditions that are often very difficult to control. Fast drying processes will 
moreover generate large gradients that will make the control of local parameters, like 
temperature or heat transfer, even more difficult. It is therefore of importance to try control as 
much as possible evaporation kinetics. Differential microcalorimetry is a well suited technique to 
achieve this goal. This technique is indeed adapted to investigate very low flow rates (in the 
mg/h range) and allows a very fine tuning of both pressure and temperature. 

In the present work, the drying of silicon oxide nanoparticle aqueous suspensions is 
studied using differential microcalorimetry. The activity of water above the drying suspension 
can be measured and followed in a quasi-equilibrium way as a function of the suspension 
concentration, going continuously from a state of suspension, where DLVO forces are involved, 
to that of a porous solid, where capillary forces are involved during the emptying of the pores. 
Four successive evaporating regimes can be identified in the desorption curve (see graph below). 
The first one R1, where mass transfer is governed by free water molecules as observable in pure 
water, corresponds to an increase of suspension concentration at nearly constant pressure. The 
second regime R2 is a transition between a suspension and a solid network of particles. In R3 
relative pressure is governed by evaporation of capillary water and its diffusion within a 
progressively dense packing silicon oxide colloidal network. Finally in R4, there is no capillary 
water left to be extracted from this latter and water desorption from silica surface is observed.  

 
Relative pressure as a function of time for a drying concentrated (300 g/L) silicon oxide aqueous 

suspension. 
 

The time evolution of the relative pressure can be fitted with two hyperbolic tangents that 
allow the measurement of the characteristic time scales associated to the different evaporative 
regimes. 
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Supraparticles made by self-assembly of colloids are considered to offer high potential in terms 
of controlling structure, shape and functionality in complex colloidal systems. Especially sub-
structuring of such particles and the formation of composites has been studied nowadays using 
materials like silica microspheres and gold nanoparticles [1]. Furthermore they can become 
functionalized by incorporation of functional colloidal materials and thus provide promising 
perspectives with respect to (bio-) analytical, medical or catalytic applications. 

 
Figure 1. Fumed silica particle dried from suspension on superhydrophobic surface 

 
In our work we concentrate on the defined manipulation of the shape of supraparticles by 
evaporation induced self-assembly (EISA) of colloidal suspension droplets containing fumed 
silica (FS) deposited on a superhydrophobic substrate. The controlled manipulation was achieved 
adjusting the ionic strength of the droplets containing different concentrations of FS by adding 
NaCl [3]. This led to the formation of anisometric supraparticles (see Figure 1), where the extent 
of anisometry and the shapes observed strongly depend on the ionic strength. We also propose a 
likely formation mechanism based on the formation of a dense FS layer at the droplet interface 
where the FS interactions are tuned by the NaCl concentration. The corresponding systems have 
been investigated by rheological, AFM, and SEM experiments. 
In conclusion we present a very easy applicable and fundamental way to control the overall 
shape of supraparticles derived from colloidal suspensions containing FS by an easy controllable 
parameter, i.e., the ionic strength. In addition we could also show that this principle is also 
applicable for droplets containing additional PS latex microspheres, which indicates general 
usability of the procedure for preparing composite systems, opening the perspective of creating 
new types of materials with corresponding functionality. 
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An Eau de Toilette (EDT) can be considered as a ternary mixture of volatile molecules, namely 
ethanol, water and fragrance ingredients. The evaporation kinetic of such a system depends on 
the composition of the ethanol-water mixture and on the solubility of fragrance ingredients in it. 
During its evaporation, the composition changes spontaneously and leads to variable 
concentration ratios between the three components of the system and thus, a variable path in 
“pre-ouzo” and “ouzo” domains on the ternary phase diagram. This compositional change 
influences strongly the ability of fragrance ingredients to partition between ethanol and water 
and so the performance of the EDT.  
Early studies [1] of ternary mixtures based on toluene, water and 2-propanol have highlighted the 
existence of aggregates similar to swollen micelles in a domain of the phase diagram referred to 
as “pre-Ouzo” region, having well defined spinodal line separating it from the Ouzo-Region [2].  
The formation of domains of  typical  size 2 nm as transient aggregates with same size, but 
shorter life-time than surfactant based-microemulsions have been confirmed by direct light [3] , 
X-ray and neutron scattering characterization on absolute scale [4]. The same effect was 
confirmed with other ternary mixtures in which component 1 and 2 are mutually miscible and 
component 3 is only miscible in one of them. This holds in an EDT as well, where ethanol and 
water are mutually miscible but fragrance ingredients are only soluble in ethanol.  
 The present studies demonstrate that during the EDT evaporation, a transition from 
unstructured ternary ethanol-rich solutions, to structured water-rich domains takes place, passing 
through the pre-ouzo and ouzo regions. In the pre-ouzo region, the presence of microemulsions 
stabilized by a highly cohesive interfacial film made from ethanol and water, encapsulates 
efficiently the fragrance as measured by on-line analysis of mass loss (TGA) combined to 
calorimetry (DSC) and gas-chromatography (GC-MS). The transition is accompanied by 
exothermal DSC peaks, linked to molecular transfer between the water-rich and ethanol-rich 
coexisting micro-domains separated by an interface and stabilized by the hydration force.  
 It was furthermore observed that fragrance evaporation is boosted as the water-ethanol 
ratio is increased. The encapsulation and the boosting effect are general for all perfumery 
ingredients, independent on their hydrophobicity as defined from water/octanol scale (logP).  
The present studies are fundamental and they provide new insights on the evaporation of 
fragrance/flavors in different applications (5). They can be used by perfumers to enhance the 
performance of their compositions. 
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Electrospinning can be used for the fabrication of fibers from solutions or melts but also from 
dispersions. This interesting recent variant, called colloid-electrospinning,1-2 is applied to 
immobilize and/or assemble nanoparticles into nano- or microfibers, hence yielding 
multicompartment materials.  
We discuss here the preparation and characterization of fibers with solid or liquid nano-
compartments obtained by the electrospinning of nanoparticles (Figure 1a) or emulsions. 
Applications of such materials include the fabrication of anisotropic particles (Figure 1b-c),3-4 
catalysis,5 and energy conversion.6  

 

a.

b.

c.

 
Fig. 1 SEM micrographs of a: a typical fiber obtained by colloid-electrospinning with high 
content of inorganic nanoparticles, b: fibers with structural and sacrificial compartments after 
removal of the latter. c: Fluorescent microscopy image of fluorescent silica microrods obtained 
by the simultaneous electrospinning of structural and sacrificial particular compartments.  
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