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PL 1. Paschalis Alexandridis  

Fluorinated Surfactants: Friend or Foe?
Paschalis Alexandridis

University at Buffalo, The State University of New York (SUNY)

Fluorinated surfactants find niche applications because of their high chemical and 
thermal stability, their incompatibility with both water and hydrocarbons, and their 
unique ability to render surfaces non-stick. However, fluorinated surfactants belong to 
the class of per- and polyfluoroalkyl substances (PFAS) (“Forever Chemicals”) which tend 
to be extremely resistant to degradation, accumulate in the environment, and have long 
half-lives in humans, consequently causing great concern. With an overarching goal to 
sequester fluorinated surfactants that have been released in the aqueous environment, 
and to replace fluorinated surfactants from formulations in order to diminish future 
releases, we pursue concerted experimental and computational research aimed to 
understand and predict the interactions and binding between fluorinated surfactants 
and other molecules or particles/surfaces in aqueous media. The presentation highlights 
recent results from our efforts.
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PL 2. Ilja Voets

Customized hydrocolloids through polyelectrolyte complexation
Ilja K. Voets1, C.C.M. Sproncken1, J. Rodrigo Magaña1,2, Chendan Li1,3, Berta 

Gumí-Audenis1, Dylan L. Atkins1, and Bas G. P. van Ravensteijn1,4

1Laboratory of Self-Organizing Soft Matter, Department of Chemical Engineering and Chemistry & Institute 
for Complex Molecular Systems, Eindhoven University of Technology,  Eindhoven, The Netherlands
2Present address: Colloidal and Interfacial Chemistry group, Institute for Advanced Chemistry of Catalonia, 
Barcelona, Spain
3State Key Laboratory of Chemical Engineering and Shanghai Key Laboratory of Multiphase Materials Chem-
ical Engineering, East China University of Science and Technology, Shanghai, People’s Republic of China
4Present address: Department of Pharmaceutics, Utrecht Institute for Pharmaceutical Sciences, Utrecht Uni-
versity, Utrecht, The Netherlands

Polyelectrolyte complexation is a powerful approach to generate dynamic materials with 
adaptive properties1 and precision polymer2,3 and hybrid protein-polymer nanoparticles4,5, 
which can be tailored to meet requirements specific to their application in e.g. nanomedicine. 
In this lecture I will discuss the preparation, properties, and (dis)assembly pathways of 
hydrocolloids comprising at least two oppositely charged (bio)macromolecules. Particularly 
appealing of such particles is their modulatory: morphology, size, stability, and function are 
tunable. Systematic studies of structure-property relations allow tailoring of some of these 
features as desired. Rational design remains however one of the grand challenges, especially for 
those systems and conditions where kinetic traps are prominent. I will highlight recent work 
on complex coacervate core micelles2,3, single-enzyme nanoparticles4,5, and polyelectrolyte 
complexation out-of-equilibrium, that is, orchestrated by clock reactions6 and induced 
by polymerization. The impact of polymer architecture on C3Ms as well as novel routes to 
generate complex coacervate-based particles with high stability and a tunable lifetime will 
be discussed. Finally, the opportunities of polymerization-induced electrostatic self-assembly 
(PIESA) to prepare customized hydrocolloids will be addressed. This technology has recently 
been introduced as an attractive means to prepare polyelectrolyte complex particles on large 
scale under mild conditions. Extraordinary morphologies have been reported, but these are 
often unstable. We recently discovered a novel strategy to regulate the polymerization, which 
offers excellent control over the assembly pathway.

Keywords: polyelectrolyte, assembly, polymer micelle, out-of-equilibrium, PIESA, single enzyme nanoparticle

References
[1] M.A. Mohammed, C.C.M. Sproncken, B. Gumí-Audenis, E. Lazdanaité, R. Stabile, I.K. Voets, O. Raz, Adv. Optical Mater. 2020, 8, 2000325.
[2] H.E. Cingil, N.C.H. Meertens, I. K. Voets, Small, 2018, 46, 1802089.
[3] C.C.M. Sproncken, R. Surís-Valls, H.E. Cingil, C. Detrembleur, I.K. Voets, Macromolecular Rapid Communications, 2018, 17, 1700814.
[4] D.L. Atkins, J.A. Berrocal, A.F. Mason, RSC Nanoscale, 2019, 11, 19797-19805.
[5] D.L. Atkins, J.R. Magana, C.C.M. Sproncken, J.C.M. van Hest, I.K. Voets, Biomacromolecules, 2021, 22, 1159-1166.
[6] C.C.M. Sproncken, B. Gumí-Audenis, G. Panzarasa, I.K. Voets, ChemSystemsChem, 2020, 2, e2000005.
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PL  3. Clément Sanchez

Integrative Materials Chemistry: 
from Nanosized objects to Hierarchical structures

Clément Sanchez
Laboratoire de Chimie de la Matière Condensée de Paris, 

CNRS-Université Pierre et Marie Curie, France

Inorganic and Hybrid inorganic-organic nanomaterials can be broadly defined as 
synthetic materials with organic and /or inorganic components which are designed via 
colloidal chemistry. They can be either homogeneous systems derived from monomers 
and miscible organic and inorganic components, or heterogeneous and phase-separated 
systems where at least one of the components’ domains has a dimension ranging from a 
few Å to several nanometers. These “chimie douce“ based strategies can also be used to 
texture new inorganic or hybrid nanomaterials with controlled porosities.  The versatile 
synthetic conditions provided by botto up strategies such as reactive molecular precursors 
or clusters, tunable processing temperatures and solvents and the adjustable rheology 
of the colloidal state allow for the mixing of the organic and inorganic components 
at the nanometer scale in virtually any ratio. These features, and the advancement of 
organometallic chemistry and polymer and sol-gel processing, make possible a high 
degree of control over both composition and structure (including nanostructure) of these 
materials, which present tunable structure-property relationships. This, in turn, makes 
it possible to tailor and fine-tune properties (mechanical, optical, electronic, thermal, 
chemical…) in very broad ranges, and to design specific systems for applications. These 
materials can be processed as gels, monoliths, thin films, fibers, particles or powders 
or can be intermediates to design materials having complex shapes or hierarchical 
structures. The seemingly unlimited variety, unique structure-property control, and the 
compositional and shaping flexibility give these materials a high potential in catalysis, 
biocatalysis, photocatalysis, nanocarriers, fuel cells etc…. This plenary lecture will 
describe some recent advances on integrative chemistry based strategies that allows 
via a chemistry-process coupling to tailor made nanostructured and hierarchically 
structured functional inorganic and hybrid materials. Some of their properties will be 
quickly discussed. 
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PL 4. Brent Murray

Challenges and opportunities in the colloidal and interfacial 
design of foods for the future

Brent Murray 
University of Leeds, UK

Colloid and interfacial since plays a vital role in controlling the rheology, stability and 
consumer appeal of food and drink, as in many other multiphase materials. The food 
industry is vast and diverse and faces many challenges common to other manufacturing 
areas, such as increasing pressures due to environmental issues; rising costs of energy, 
water and raw materials; sustainability and security of supply chains.  Uniquely, however, 
these problems must be addressed if the human population is to thrive and it’s overall 
health and well-being improve.
One general response to these challenges, both from consumers and food manufacturers, 
is to move to a more plant-based diet whilst at the same time turn so-called waste 
plant materials to better use.   However, this necessitates a thorough understanding of 
traditional product microstructure and how to mimic or substitute for this via a new 
range of plant-based ingredients, whilst maintaining or improving the consumer appeal 
of the new formulations.  Nevertheless, the rich diversity of biomaterials available makes 
this a huge and exciting opportunity to introduce new products and even improve our 
‘health via stealth’ and ‘footprint via re-print’.  
This lecture will attempt to summarize current and possible future developments of new 
emulsifying, foaming and gelling agents, for example novel proteins, polysaccharides, 
particles and their combinations, focusing on the key colloidal principles involved.  Also 
to highlight that a key tension will always be between the need for novelty and the need 
for consumer acceptability, plus to point out that, the potential influence of digestibility 
and the long-term health consequences of these novel colloidal structures and materials, 
should also be considered.
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PL  5. Véronique Préat

Nanomedicines: colloidal drug delivery systems
Véronique Préat

University of Louvain, Louvain Drug Research Institute, 
Advanced drug delivery and biomaterials, Belgium

Nanomedicines, either as drug carriers or therapeutic agents, are currently 
commercialized. By the unique properties of their nanoscale size, they have contributed to 
enhance patient’s life. An overview of how the marketed nanopharmaceuticals overcome 
the principal barriers of conventional drugs will be provided, with a special focus on 
cancer treatment. The principal challenges for the translation to the clinics and the 
commercial development of novel nanomedicines will be discussed in relation to their 
colloidal properties, in particular their “nano-manufacture” process and their robust 
physicochemical characterization. Examples on how their surface properties influence 
their interactions with living organisms and the therapeutic outcomes will be illustrated. 
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PL Jan Vermant  
Solvay 

When colloids and fluid-fluid interfaces meet
Jan Vermant

Soft Materials ETH Zürich, Switzerland

When colloidal particles adsorb and get pinned down at fluid-fluid interfaces, the colloidal 
interaction forces change and some new ones arise. In particular lateral capillary forces 
will lead to an array of beautiful but also useful colloidal structures. The particles will 
not only modify the surface tension, but the micro-structures they form bring about 
mechanical or interfacial rheological properties which will modify both the responses 
to area as well as a shape changes. This means the interfacial  shear and dilatational 
properties need to be measured and constitutively described. This has a long history, 
going back To Rayleigh and Plateau in the 19th century, but progress has been made 
recently, especially to de-convoluting the effects of sub-phase flows on interfacial velocity 
gradients. Careful measurements now provide insight into the links between particle 
characteristics and the resulting properties.  Controlling these properties now enables us 
to engineer materials by interfacial rheological design, e.g. imparting stability to Ostwald 
ripening or coalescence, and get a bet understanding of the effect of interfacial rheology 
on hydrodynamic thinning of films and their break which also enables us to design for 
example new and highly efficient emulsification processes.
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PL Jacob Klein
Overbeek Gold Medal 

Surface forces in the 4th dimension: 
From hydrophobic cavitation to visco-electric thickening

Jacob Klein
Weizmann Institute of Science, Israel

Direct measurement of forces between smooth macroscopic surfaces across liquids, 
using surface force balances (SFBs), is associated with remarkable spatial (down to 1Å 
level) and force (down to ca. 10 nN) resolution, and since their inception in the 1970’s 
have elucidated many basic aspects of colloidal and interfacial forces. We have now 
extended the SFB to very high (ms) time resolution force measurements to resolve two 
long-standing issues of interactions in aqueous media: the origins of the long-ranged 
attraction (of order 100 nm) between highly-hydrophobic surfaces, and the magnitude 
of the visco-electric effect in water (which concerns the increase in water viscosity in an 
electric field). The former has clear implications for colloidal, interfacial and biomolecular 
interactions, while the latter, which is important for surface potential measurements 
and, increasingly, for nanofluidic applications, was measured over 80 years ago for polar 
organic liquids but has not to date been measured directly for water. In consequence the 
estimated magnitude of the visco-electric effect in water in the literature varies wildly - 
by over a thousand-fold. Our new SFB results in the time domain shed strong new light 
on both these basic effects.
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The inclusion of inorganic nanoparticles (NPs) in organized lipid assemblies combines the rich 
polymorphism of lipid phases with advanced functional properties provided by the NPs, expanding 
the applicative spectrum of these materials, specifically in the biomedical field. Despite the relevance 
of these hybrid systems, fundamental knowledge on the effects of NPs on the structure and 
physicochemical properties of lipid mesophases is still limited. This contribution will address the 
design of hybrid soft matter assemblies composed of magnetic nanoparticles (MNPs) and lipid 
bilayers. This research field recently gained a central stage in soft matter science, because it allows 
deciphering in model systems the main energetic contributions which determine the interaction of 
such engineered nano-objects with biological interfaces. In addition, the mechanistic details 
unraveled for model lipid mesophases provide new design principles for hybrid synthetic systems. 
We will focus on non-lamellar lipid mesophase, with particular emphasis on the effects of MNPs on 
the amphiphilic phase diagram and on the additional properties contributed by the NPs, investigated 
mainly through Small Angle X-Ray Scattering and Rheology. These properties can be conveniently 
exploited to endow soft matter systems with innate response to magnetic fields, providing additional 
opportunities to fine-tune the phase behavior and the thermotropic properties, with applicative 
potential in the field of drug delivery and controlled release of active principles. 
 
Keywords: magnetic nanoparticles, lipid mesophases, nano-bio interface  
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We demonstrate that microfluidics is a very powerful technique in controlling the final properties of 
nanoparticles produced by nanoprecipitation. The effects of the flow rate ratio, polymer 
concentration and solvent nature on the quality of the polymer nanoparticles produced by simple 
mixing and three-dimensional hydrodynamic flow-focusing microfluidic device (Figure 1) were 
studied using static and dynamic light scattering and transmission electron microscopy. Almost 
monodisperse nanoparticles were successfully prepared with a controllable size in a range suitable 
for drug delivery (18–270 nm). Besides nanoprecipitated nanoparticles also polymersomes 
(Figure 2) with equally narrow size distribution were produced from block copolymers. 

A variety of biodegradable and biocompatible polymers was investigated including 
poly(ethylene oxide)-b-poly(D,L-lactide), poly(butylsuccinate-dilinoleic acid), poly(D,L-lactide-co-
glycolide), poly([N-(2-hydroxypropyl)] methacrylamide)-b-poly[2-(diiso-propylamino)-ethyl 
methacrylate] (PHPMA-b-PDPA), dissolved in several organic water-miscible solvents. It was shown 
that the nature of the organic solvent plays an important role on final nanoparticle size and 
physicochemical properties when using both simple mixing and microfluidic nanoprecipitation, 
which was traced to differences in cohesive energy densities of the solvents. 

Keywords: microfluidics, nanoprecipitation, polymersomes, nanoparticles, light scattering 

 

 

Figure 1. Photograph of a typical microfluidic 
channel [1] 

Figure 2. Vesicular structures  of  
PHPMA-b-PDPA [2] 
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Oxidative stress caused by reactive oxygen species (ROS) induces several diseases by damaging cell 
constituents. Antioxidant enzymes including superoxide dismutase, catalase and peroxidases are 
members of the primary defense system developed against ROS. However, their supplementation to 
living organisms is limited due to the high sensitivity to the environmental conditions such as pH, 
ionic strength and temperature. To overcome such a sensitivity, two research directions are in focus 
recently. First, the resistance can be ameliorated by enzyme immobilization on nanomaterials, which 
protect the enzymes from the harmful effects. Second, the native proteins can be replaced with 
artificial ones of similar function, but of less sensitivity. In the present work, antioxidant hybrid 
materials consisting of native or artificial enzymes and polyelectrolyte-functionalized inorganic 
nanoparticles such as layered double hydroxides [1], titania nanosheets [2] and halloysite nanotubes 
[3] were developed. 

Surface functionalization of the nanoparticles was carried out with natural (heparin or 
protamine) and synthetic (poly(styrene sulfonate) or poly(diallyldimethylammonium chloride)) 
polyelectrolytes via electrostatic interaction and hydrogen bonding. Due to the precise optimization 
of the experimental conditions during preparation, stable dispersions were obtained, which 
possessed high resistance against salt-induced aggregation. Immobilization of the enzymes was 
carried out by physical adsorption on the polyelectrolyte-functionalized surfaces of the inorganic 
particles. The obtained particle-polyelectrolyte-enzyme hybrids possessed remarkable structural 
stability, i.e., no enzyme leakage was detected even in long-term experiments. 

Concerning the artificial enzymes, metal complexes of similar structure as in the active center 
of the native metalloproteins were attached to polyelectrolyte-nanoparticle composites through 
electrostatic interaction and covalent bonds formed between the metal center and donor atoms of 
the functional groups of the polyelectrolytes. In general, the artificial enzymes were less active, 
however, they operated under harsh conditions (e.g., at high temperature), where the native ones 
quickly lost their activities. In addition, mimicking of different antioxidant enzymes in the same 
composite was achieved by co-immobilization of metal complexes of various functions. These hybrid 
materials possessed multi-enzymatic activities, i.e., decomposed different ROS at the same time. 

Summarily, the obtained nanocomposites consisting of inorganic particles, native or artificial 
enzymes and polyelectrolytes showed excellent structural, colloidal and functional stability and thus, 
they are promising antioxidant candidates to reduce oxidative stress in several applications. 
 
Keywords: Antioxidant Dispersion, Nanoparticle, Polyelectrolyte, Enzyme, Metal Complex 
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Self-assembled and polymer-grafted nanoparticles and nanostructures gained considerable attention 
in a growing range of nanotechnological applications. Polymer hydration plays an important role in 
the nanoparticle solubility and conformational behavior of polymers in complex nanostructures. 
Assessing polymer hydration experimentally is a rather difficult task, while atomistic level computer 
simulations can provide such insights. Using atomistic molecular dynamics simulations, we 
investigate polymer conformation and hydration of polyethylene oxide (PEO) in polymer micelles or 
polymer-grafted gold nanoparticles (Figure 1) in aqueous solutions [1-3]. Due to its biocompatibility 
and antifouling properties PEO is actively used in colloidal stabilization and in nanoparticle 
modification in biomedical applications. In many polymer-containing nanostructures, including 
polymer micelles, the water distribution is highly inhomogeneous leading to spatial changes in 
polymer hydration. We analyze the effect of polymer length, grafting density and nanoparticle 
curvature on PEO conformation and hydration in nanoparticles and nanostructures. Addition of co-
solvent can change the polymer hydration and in some cases lead to dissolution of the aggregates.[2] 
Partial polymer dehydration and slow water exchange with the surrounding solution may affect the 
susceptibility of the PEO corona to protein adsorption and have important consequences for 
biomedical applications of nanoparticles.  
 
 
Keywords: nanoparticles, polymers, hydration, co-solvent, molecular dynamics simulations   

 
Figure 1. Computer simulation snapshot of polyethylene oxide grafted gold nanoparticle in aqueous solution. 
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Controlling the microstructure of soft materials is essential to impart properties for advanced 
applications, for instance to obtain acoustic [1] or photonic [2] metamaterials, or by modifying their 
mechanical response [3]. Imposing a steady or oscillatory shear during the manufacturing process is 
recognized as one of the preferred pathways to control the orientation, structure or mechanical 
properties of a wide range of microstructured materials [3-5]. 

Colloidal gels are a broad class of industrially relevant and highly tunable soft materials, for 
instance in the paint and coatings industry. These microstructured materials are sensitive to shear 
due to their out-of-equilibrium kinetic arrest and undergo a transition from hexagonal to cubic 
ordering under simple, homogeneous, oscillatory shear [3, 6]. The impact of a heterogeneous shear 
or extensional deformation on these systems, despite being the norm in industrial processes, remains 
however largely unexplored. We use a gas inclusion (i.e., a bubble), activated by an acoustic 
excitation at 10-100 kHz to locally and periodically strain a colloidal gel at high frequency. The 
attractive interactions in the gel are induced by a depletant and the colloids are 500 nm in radius. 
The strain field applied by the bubble is in this case predominantly extensional and localised [7]; the 
strain decreases as a power law away from the bubble. We monitor the microstructure of the gel 
under a confocal microscope close to the bubble before and after the acoustic excitation, and we are 
able to visualize some features of the flowing gel using high-speed, brightfield video microscopy. We 
find that the oscillations induce local rearrangements with striking patterns, which we quantify using 
structural indicators [8]. The observed, irreversible rearrangements demonstrate the potential of 
this approach for controlling the microstructure of a colloidal-gel material locally and with a remote 
acoustic trigger. 
 
Keywords: gel, nanoparticles, microstructure, rearrangements, colloidal materials 
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Preparing non-spherical polymer colloids is a very difficult task, because one needs to fight against 
the tendency of precursors to minimize their interfacial area during preparation. Of the wide variety 
of methods proposed in the literature to overcome this problem, very few permit an efficient control 
of their size, size distribution and shape. In this work, we would like to present one strategy, based 
on the activated seeded emulsion polymerization, pioneered by Ugelstad [1], which allows the 
preparation of a wide variety of colloidal particles, not only with an excellent control over their size 
and size distribution, but also of their shape and composition. In the figure below, a series of shapes 
that can be obtained using this method is showcased. The method developed in our group [2] is a 
variation of the classical seeded-polymerization, commonly used to make either core-shell particles, 
or to increase the size of the seeds. In our case, the seeds (made of non-crosslinked polystyrene) are 
first activated with a hydrophobic initiator, which substantially increases the ability of the particle to 
be swollen by fresh monomer, and then swollen by using a mixture of methacrylates. By tuning the 
monomer composition, the swelling ratio, the presence of crosslinker, the presence of inhibitor and 
in some cases by repeating the process twice, a variety of particles shapes can be prepared, from 
dimpled, to dumbbells, to half-spheres. The particles can be made magnetic, and can be easily 
functionalized by functional monomers in the swelling monomer mixture. 
 
Keywords: Janus particles, Dimples particles, non-spherical colloids, activated emulsion 
polymerization 
 

 
 

Figure 1. SEM images of some of the particles obtained by using the modified activated swelling method, depending 
on the swelling ratio used during the activated swelling step. The seeds are non-crosslinked polystyrene, the swelling 
has been made by using a mixture of methyl methacrylate, glycidyl methacrylate and ethylene glycol dimethacrylate. 
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Triglyceride nanoparticles are usually prepared using sophisticated equipment and high mechanical 
energy input. In the current study, we demonstrate that the polymorphic phase transitions 
commonly observed in all main classes of lipids might be used for spontaneous bursting and 
preparation of nanoparticles/nanoemulsions with particles sizes down to 20 nm only by cooling and 
heating of an initial micrometer sized dispersion.[1,2] 

The newly discovered cold-bursting process proceeds in the following steps: the polymorphic 
phase transition in triglycerides cause formation of nanoporous structure spreading across the whole 
particle. These nanopores become spontaneously impregnated with aqueous phase. Depending on 
the wetting properties of the surfactant solution two distinguishable types of behavior can be 
observed upon storage and/or heating. (1) When the surfactant solution wets well the frozen lipid 
(low values of the three-phase contact angle formed at the water-air-lipid interface), the particles 
disintegrate completely into millions of nanometer sized particulates at temperatures below the bulk 
melting temperature of the dispersed lipid. (2) Alternatively, when this three phase contact angle is 
high, in the moment of melting, the impregnated water becomes trapped inside the oily phase and 
formation of double water-in-oil-in-water emulsion droplets is observed. 

We show that the process of nanoparticles formation is effective not only for highly pure 
triglycerides, diglycerides, alkanes, etc., but also it works if medical drugs of high load are initially 
incorporated in these particles. Furthermore we show that if several additional requirements are 
fulfilled the spontaneous bursting is observed also with natural triglyceride oils with wide area of 
applications like coconut oil, palm kernel oil and cocoa butter. 

The main governing factors are systematically explored and the mechanisms controlling the 
cold-bursting with different types of systems are discussed. 
 
Keywords: solid lipid nanoparticle, emulsion, polymorphic phase transition, triglyceride 
 
 
 
 
 
 
 
 
 
 

Figure 1. Microscopy pictures demonstrating the cold-burst phenomenon, scale bars = 20 μm. Glass bottles with 
emulsion samples – before and after application of the cold-bursting. 
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Water-in-water (W/W) emulsions are liquid/liquid biphasic systems that consists of droplets 
of one aqueous solution, dispersed into another aqueous solution [1]. Both solutions contain water 
as the common solvent, and are in thermodynamic equilibrium because of the incompatibility 
between two hydrophilic solutes. W/W emulsions can be prepared without oil and without 
surfactant, and thus, they constitute biocompatible carriers for delivery of active components [2]. 
The main problem in formulation of W/W emulsions is achieving a proper colloidal stability, since 
interfacial tension in W/W interfaces is usually extremely low and adsorption of small molecules is 
very weak [1]. Consequently, W/W emulsions are prone to coalescence, which cannot be slowed 
down by conventional surfactants. However, W/W can be properly stabilized by particles adsorbed 
on the interface, and many examples of Pickering W/W emulsions have already been reported.   
 

W/W emulsions are usually prepared by simple agitation methods (i.e. Ultraturrax® agitation) 
and droplet size can be precisely controlled by microfluidic techniques. However, the former tends 
to produce large droplet sizes, and the latter cannot be applied for production at very large scale. In 
the present work, new emulsification strategies are presented, which are based on droplet 
condensation induced by phase transitions. Oversaturation of the disperse phase leads to the 
formation of more homogeneous and smaller droplets, in comparison to common agitation methods 
[3]. Phase transitions, and condensation of W/W droplets, can be easily achieved by changing 
temperature or pH, since the partitioning of the hydrophilic components usually is often dependent 
on such variables. As an illustrative example, Fig. 1 shows gelatin-in-maltodextrin, bicontinuous and 
maltodextrin-in-gelatin W/W emulsions. These emulsions have been obtained by condensation 
induced by pH change, while applying a very soft agitation.   
 
Keywords: W/W emulsions, phase behavior, low-energy condensation emulsification 

 

 

 

 

Figure 1. Fluorescence microscopy of gelatin-maltodextrin aqueous mixtures prepared by increasing pH to 5. (a) 
Gelatin-inmaltodextrin (G/M) emulsion; (b) Unstable bicontinuous emulsion; and (c) maltodextrin-in-gelatin (M/G) 
emulsion.Maltodextrin was labelled with FITC (seen as green) 
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Particle-stabilized emulsions, also called Pickering emulsions, are more stable than 
conventional emulsions. Pickering emulsions may be useful for reducing the surfactants amount and 
so, the risk for health and environment. Although a long-term stability is generally the final aim of a 
formulation process for food, cosmetics, paints, etc., a transitory stability (i.e. on demand 
destabilization) might be wanted for other applications such as emulsions polymerization, oil 
recovery or catalyst recovery in order to collect the product of interest. In these cases, additional 
disruption mechanisms need to be introduced to achieve the destabilization of the system, which 
may increase the costs and the energy consumption.  

Polyethylene glycol (PEG) is a water-soluble and temperature-responsive polymer. The 
temperature increase induces a modification of the conformation of the polyoxoethylene chains 
(from polar to nonpolar due to dehydration of the ethylene oxide units). Surface active particles are 
more attractive than surfactants since they form much more stable emulsions. The use of PEG 
adsorbed onto the silica surface may induce the release of some PEG molecules in one of the two 
phases when the emulsion is destabilized. One way to overcome this issue is to covalently bind the 
PEG onto the silica NPs. 

Herein, we report on the elaboration and characterization of temperature-responsive Pickering 
emulsions stabilized with PEG-functionalized silica particles. The particles were prepared through a 
one-step synthesis based on the hydrolysis and condensation of the silica precursor in the presence 
of PEG. The physicochemical properties of the NPs have been thoroughly characterized before the 
preparation of emulsions. We find that PEG-functionalized silica particles form temperature-
responsive Pickering emulsions with oils of different nature. These emulsions undergo a clear 
temperature-triggered destabilization when heated. 
 
Keywords: Pickering emulsion; PEG; Functionalized silica; Temperature-responsive nanoparticles  
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Rope making is a millennia old technique to collectively assemble numerous weak filaments into 
flexible and high tensile strength bundles. Here, we show that fibers made of bicontinuous 
interfacially jammed emulsion gels (bijels) can be assembled into ropes via microfluidic twisting 
(Figure 1) [1]. Bijels have potential applications as membranes, microreactors, energy and healthcare 
materials, but their low tensile strength make reinforcement strategies imperative. Microfluidic 
twisting allows to combine multiple bijel fibers of different compositions and enables the 
introduction of polymeric support fibers to raise the tensile strength to tens of megapascals. We 
analyze the forces controlling the bijel rope assembly and investigate different flow configurations 
for microfluidic twisting. 
 
Keywords: bijels, Pickering emulsions, microfluidics, soft matter 
 
 

 
Figure 1. Microfibers of bicontinuous interfacially jammed emulsion gels (bijels) are combined into bundles via 

microfluidic twisting. 
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When having low charge density, nanometer-sized ions, or nano-ions (NIs), strongly adsorb 
onto interfaces made of hydrated molecules, e.g. at micellar surface of carbohydrate or polyethylene 
glycols based surfactants.[1-3] They can also bind to macrocycles cavities, e.g. cyclodextrins.[4,5] 
These strong interaction of NIs with electrically neutral and polar systems is described as a 
“superchaotropic” behavior [1,4,6] in comparison with the more classical chaotropic and salting-in 
effect of smaller ions as iodide or thiocyanate but observed at much lower concentrations i.e the mM 
range.[7] 

Superchaotropic nano-ions were also shown recently to behave like ionic surfactants when 
added to non-ionic surfactant solutions.[8] Thus, we extended on this concept and have shown that 
the superchaotropic polyoxometalate Na4SiW12O40 (NaSiW) – and others-  strongly stabilizes non-
ionic surfactant foam similarly and even better than the ionic surfactant such as sodium dodecyl 
sulfate (SDS). Both DS- and SiW12O404- were incorporated into the foam films of Brij-O10, SiW12O404- 
by adsorbing within the polar non-ionic surfactant chain and SDS due to the hydrophobic effect with 
its aliphatic chain. However, SDS affects surface tension while NaSiW does not. Nevertheless, adding 
SDS or NaSiW to a Brij010 foam (0.5 mM) close to the equimolarity slow down liquid drainage and 
bubble Ostwald ripening as revealed by image analysis and conductivity measurements. 
Furthermore, as SiW12O404- adsorbs the non-ionic surfactant foam films they become charged, 
thicker and more stable, hindering film rupture as shown with Small Angle Neutron scattering. The 
high potential of superchaotropic nano-ions as foam stabilizers is herein discussed. [9]  
 
Keywords: foam film, neutron scattering, drainage, nano-ion 
 

 
Figure 1. Aqueous foam components on left and SANS curves at right with the characteristic scattering signal from 
foam in a steady state (ILL, D33), showing multiple oscillations around the q-4 intensity decrease indicating a well-

defined and monodispersed thin film, much more pronounced when nano-ion is added to the non-ionic foam structure. 
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Water sorption isotherms of surfactants is a valuable source of information about their molecular 
interactions and self-assembly mechanisms. These sorption isotherms also represent a simple and 
efficient way to characterize so-called hydration forces [1-2] - the subject of many debates in the 
scientific community. Perhaps surprisingly, there is no broadly accepted model for description of 
water activity in liquid crystalline phases of surfactants, which is in contract with the polymer field 
where Flory-Huggins model is broadly accepted and used.  
In this work we propose a new model based on the concept of partial accessibility of surfactant 
molecules by water. The model is tested on the experimental data on several non-ionic surfactants, 
an example is shown in Figure 1. The model provides excellent fitting on the water activities and the 
meaning of the model parameters is very easy to interpret.  Finally, the model gives a simple 
interpretation of the nature hydration forces, including a molecular-level interpretation of the 
debated exponential decay length. 
 
Keywords: Hydration Forces; Water sorption; Sugar Surfactants; Liquid Crystalline Phases 
 
 

 
 

Figure 1. The water sorption isotherm of n-octyl α-D-glucoside (blue) and the model fit for different phases (red). The 
experimental data are from ref [3]. 
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Phospholipid monolayers prepared at the air-water interface by the Langmuir technique can be 
successfully employed as simple models of the outer leaflet of cell membranes to investigate the 
interactions of drugs, toxins and other biologically important species [1]. The main advantage of such 
an approach is the fact that the composition and the organization of a model layer may be easily 
adjusted to mimic different types of cellular membranes. We have recently performed a systematic 
study on the influence of drug lipophilicity on the interactions with phospholipid layers treated as 
simple models of healthy and cancer cell membranes. We have used several anticancer drugs - 
anthracycline antibiotics characterized with the increasing lipophilicity: doxorubicin (DOx), 
daunorubicin (DNR), idarubicin (IDA) and pirarubicin (THP).  

Monolayer studies performed at the air-water interface showed that the incorporation of drugs 
into model membrane leads to the changes in layer fluidity and organization. For less lipophilic 
anthracyclines the electrostatic interactions between positively charged drugs and negatively 
charged phospholipids such as 1,2-dimyristoyl-sn-glycero-3-phospho-L-serine (DMPS) mimicking 
cancer cell membranes are the most relevant and determine the interactions. The increasing 
lipophilicity of the drug allows for a more efficient penetration of the negatively charged model 
membrane resulting in the higher surface concentrations of anthracyclines as shown by 
electrochemical results obtained for supported layers for more lipophilic IDA compared to DNR [2]. 
Additionally, this property of anthracyclines may play an important role in multidrug resistance 
(MDR). Neutron reflectivity studies revealed that less lipophilic DOx forms aggregates underneath 
DMPS monolayers, which prevent from further penetration of the membrane. Such phenomenon 
was not observed for much more lipophilic IDA [3]. This drug was also shown to be able to 
preferentially interact with cholesterol present in model membranes, as proved by the results of 
spectroscopic studies of supported mixed DMPC:Chol phospholipid bilayers. Interestingly, the most 
lipophilic anthracycline, pirarubicin may easily penetrate phospholipid layers composed of neutral 
phosphatidylethanoloamine (PE) lipids with varying chain length and unsaturation degree, which 
are typical for the bladder cancer cell membranes [4]. In this case due to the high lipophilicity of THP 
the electrostatic attractions are not necessary to initiate the interactions between the drug and polar 
heads of phospholipids. These observations were also supported by the Brewster angle microscopy 
images showing the changes in the morphology of the lipid layers upon the penetration of THP.  
 
 
Keywords: anthracyclines, model membranes, Langmuir technique  
 
References 
[1] C. Stefaniu, G. Brezesinski, H. Möhwald, Adv. Colloid Interf. Sci. 2014, 208, 197. 
[2] D. Matyszewska, BBA Biomembranes, 2020, 1862, 183104. 
[3] D. Matyszewska, E. Nazaruk, R.A. Campbell, J. Colloid Interf. Sci. 2021, 581, 403–416. 
[4] D. Matyszewska, A. Jocek, J. Molec. Liquids, 2021, 323, 114633. 



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

24

KN 3.3
 

 
 Nano-Assemblies for Functionality and Multi-Stimuli-

Responsiveness in Aqueous Solution 
 

Franziska Gröhn,1* Anja Krieger1, Alexander Zika1, Mohit Argawal1,2,
 Ralf Schweins2 

 
1 Department of Chemistry and Pharmacy & Interdisciplinary Center for Molecular 

Materials (ICMM) and Bavarian Polymer Institute (BPI), Friedrich-Alexander-
Universität Erlangen-Nürnberg, Erlangen, Germany 

2 Institut Laue-Langevin, Grenoble, France 
 
 

Presenting author e-mail: franziska.groehn@fau.de 
 

 
Keywords: Light-Switchability, Multi-Responsiveness, Photocatalysis, Polyelectrolytes, Polymers, Self-Assembly

  

 

Developing strategies to exploit solar energy becomes more and more important. Inspired by natural 
systems, it is highly promising to self-assemble building blocks into supramolecular structures to 
form novel functional entities. A new type of photocatalytically active nano-assemblies in aqueous 
solution consisting of macroions and oppositely charged species ranging from ionic porphyrins to 
inorganic nanoclusters will be presented. 

Electrostatic self-assembly leads to nanoscale shapes ranging from spheres and cylinders over 
vesicles to networks. Key to a targeted structure design is to fundamentally understand structure 
directing effects. It will be revealed how the molecular building block structure directs the 
supramolecular nanoscale structure, in particular the particle size and shape on a 10-100 nm level. 
Thermodynamics and the interplay of interaction forces will be discussed. 

We describe light-triggered size and shape changes of electrostatically self-assembled 
supramolecular nanostructures. This route for the conversion of light into structural and mechanical 
effects is promising for applications in drug delivery or nanosensors, in particular when combined 
with the response to other triggers into multi-switchable systems. 
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A key mechanism for nanoparticles (NPs) to impart toxicity is to gain cellular entry directly. Many 
parameters affect the interactions of nanomaterials in a cellular environment with cell membranes, 
including their size, shape and surface chemistry [1, 2].  

We have used model membrane systems and physicochemical methodologies to study 
nanoparticle-membrane interactions [3-8]. Our results from high pressure small angle X-ray 
scattering (HP-SAXS) show that hydrophobic nanoparticles could encourage the lamellar to inverted 
hexagonal phase transition [3], whereas the effect of hydrophilic nanoparticles depends on their 
concentration [4], with more recent work showing that dendritic polymer nanoparticles could cause 
membrane thinning and structural disorder in lipid mesophases [5]. Furthermore, using X-ray 
reflectivity (XRR), we have observed structural re-organisation in supported lipid bilayers 
intercalated with quantum dots [6, 7] and dendritic nanoparticles [8]. 

These results offer mechanistic insights on how the fundamental energetic process of NP 
cellular entry can be evaluated by studying the effects of nanoparticles on lipid mesophase transitions 
and structural disorder. This highlights both the challenge and the opportunity in this 
interdisciplinary area, where collaborative efforts from the insights and expertise of biological and 
physical scientists are urgently needed for future progress. 

Keywords: Nanoparticles, Membranes, Nanotoxicity, Mesophases, Lipids, Self-Assembly 

 
Figure 1. Various nanoparticles attempting cellular entry [1].
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Lipid nanovesicles are ubiquitous in living systems (e.g. membrane-enveloped viruses and 
extracellular vesicles, EVs) and in formulations for nanomedicine (e.g., liposomes for RNA-based 
vaccines). The mechanical properties of natural vesicles are key in numerous biological processes, 
while the stiffness of liposomes for drug/vaccine delivery regulate their pharmacokinetics in the 
bloodstream and internalization route. Despite this, the accurate determination of such properties 
remains challenging and requires sophisticated instruments and data analysis.  

Here for the first time, we show that citrated gold nanoparticles (AuNPs) can be used as highly 
sensitive and fast nanoprobes to assess the stiffness of vesicles at a collective level.  

By combining UV-Vis Spectroscopy, Small-Angle X-ray Scattering and AFM-based Force 
Spectroscopy [1-2], we demonstrated that the stiffness of vesicles modulates the plasmon resonance 
(SPR) of AuNPs adsorbed on their surface, which can be easily monitored by UV-Vis spectroscopy.  
We then leverage this discovery to show that the SPR tracking provides quantitative access to the 
stiffness of synthetic and natural vesicles of unknown composition, such as EVs.  

The “plasmon-based stiffness nanoruler” is a reproducible, sensitive, high-throughput, and 
readily accessible method, which overcomes many of the technical hurdles currently hampering the 
determination of the rigidity of nanovesicles. This new method will advance our understanding of 
how stiffness regulates the behavior of nanovesicles in living organisms, from the therapeutic 
efficiency of liposomes for drug delivery to the uptake of natural vesicles and viruses.   
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Specular neutron reflectometry has been developed and used extensively over the last few decades 
to resolve the interfacial structure and composition of mixtures in a diverse range of problems related 
to colloid and interface science. The technique typically involves measurements down to parts per 
million in the reflectivity in multiple isotopic contrasts, so it usually takes at least a couple of hours 
to acquire data on the structure of a given sample.  

We have recently developed a novel method to resolve the composition of mixtures at the 
air/water interface using the FIGARO reflectometer at the Institut Laue-Langevin (ILL, Grenoble, 
France). Measurements of the neutron reflectivity only at low momentum transfer values for a binary 
mixture recorded in two different isotopic contrasts, both in air contrast matched water, are 
combined to yield the surface excess of each component. This new approach offers an improvement 
in the time resolution of around a factor of 60, opening up the technique to the routine study of 
kinetics and dynamics of biological interfaces on the minute time scale for the first time [1]. 

Following initial results from the new approach on spread films of polyelectrolyte/surfactant 
mixtures [2], brand new results are presented on the first quantitative assessment of fluorocarbon 
gases interacting with pure lipid monolayers [3], the binding of anticancer drugs with pure lipid 
monolayers [4], and the association of antimicrobial peptides with mixed lipid monolayers [5]. 
 The exciting potential of this new application of an established technique to contribute to a 
range of problems in soft matter and biology is showcased to the colloid and interface community.  
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Figure 1. Table-of-contents images from two 2021 JCIS papers showing the impact of this new neutron analysis [3-4]. 
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SARS-COV-II is spreading via transport of droplets , micron sized aerosols and also sub-micron size 
aerosols that are extremely sensitive to the relative humidity. All of those contain much more mucin, 
a negatively charged polymer, than viral load. Corona-virus have a negative zeta potential combined 
with positively charged spike that interact with known receptors on membranes. The surface charge 
distribution and the counter-ion adsorption should obey general at colloidal scale for heterogeneous 
surfaces [1], allowing efficient virucidal design with easier production than monoclonal antiboides.

The most commonly used virucide contains more than 60% ethanol, and has no long lasting 
virucide effect because of the quick evaporation of ethanol. There is a list of accepted virucides, rang-
ing from cationic surfactants also used in wool softeners to aldehydes and other components such as 
methylene blue that are chemicals that are both allowed and have a recognized virucidal action. 

The problem is to obtain the virucidal effect at a non-toxic dose. For this, virucide can be used 
as droplets emitted by high pressure spray like in fruit stores, by adsorption on the surface of small 
aerosol droplets generated like fog in terrariums, or by spraying surfaces such as done with hydroal-
coholic basis. These spayed surfaces dries, exposing huge amounts of surfaces that have surface 
charge properties that complement as well the virus membrane than the spike.

We compare from first principles the efficiency of these three methods, and conclude that spray-
ing surface with a diluted solution that dries on the surface and produces an anti-viral layer is orders 
of magnitude more efficient that strategies based on distribution via aerosols. Colloidal surface prop-
erties of catanionics [2] will therefore be the source of various cheap, simple and general means of 
cutting the Covid transmission path via surface contamination.
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COVID-19 mRNA-based vaccines have exhibited the importance of lipid-nucleic acid nanoparticles. 
One critical aspect in the development of such formulations is quantifying the extent of association 
(i.e. co-localization) between lipids and DNA, which thus far has been difficult to obtain 
quantitatively. Here we propose an approach based on fluorescence cross-correlation spectroscopy 
(FCCS) [1] to overcome this limitation [2]. The method consists of following the dynamics of lipids 
and DNA fluorescently labeled with two distinct dyes (red and green, respectively). By following the 
correlations between the motions of lipids and DNA the method is able to distinguish the cases where 
the lipid and DNA move together in the same particles, from those where non-complexed lipid and 
DNA move freely and independently (Figure 1). Hence, the co-localization between lipids and DNA 
can be determined. Importantly, the number of DNA molecules per lipid nanoparticle, which is an 
important parameter difficult to determine experimentally, can also be extracted.  

FCCS therefore becomes a powerful methodology to understand the interactions between 
lipids and DNA/mRNA; understand their phase behavior and formulations; and to accelerate mRNA 
vaccine development. The methodology can also be extended to other colloidal systems involving 
association/dissociation between two nanosized species as long as they can be fluorescently labelled. 
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Figure 1. Illustration of the use of FCCS to monitor the formation of cationic liposome – DNA complexes. Liposomes 

and DNA are labelled with two spectrally-resolved dyes and their motions are analyzed simultaneously, which allows 
determining the individual auto- and cross-correlation functions. From the amplitude of the cross-correlation a 

quantitative measure of the co-localization between liposomes and DNA can be obtained. Non-bound liposomes and 
DNA have very low cross-correlation (left). Lipid-DNA complexes show high cross-correlation amplitudes (right). 
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In an era of scientific and technological marvel, Medicine is a field that applies all knowledge to 
building state of the art applications for the benefit of human health. Bioprinting, tissue engineering, 
digital health, bioinformatics and artificial intelligence are just some of the tools that are now 
available in health care, while nanomedicines, medical devices, cellular, biotechnological and gene 
medicinal products are examples of advanced therapeutics. New health technologies are here to 
provide improved quality of life, by preventing, diagnosing and treating diseases [1]. 

Self-assembly is an amazing concept that is present in nature and leads to the formation of 
high-order structures, such as cells. This process is thermodynamically-driven and is exploited to 
develop nanotechnological biomolecule delivery systems as parts of advanced medicinal products. 
The study and understanding of self-assembly has led us to employ more complex systems, 
composed of two or more, different in nature biomaterials, which encode the trait of functionality 
into the final mixed/chimeric nanostructure [2]. The nature and properties of the resultant 
structures depend on the composition and concentration of the self-assembled biomaterials. 

To build biofunctional and stable innovative complex nanocarriers, it is essential to rationally 
design the nanosystems by utilizing the appropriate biomaterials and optimizing their relative 
concentration, based on their lyotropism. This will be possible by integrating a complex “system 
approach” that is supported by sophisticated analytical tools and built on the fundamental principles 
of nanosystems, such as their thermodynamics, physicochemical properties, morphology and 
biophysics. The target is to develop functional self-assembled nanocarriers that will be stable in vivo, 
evading the physiological hurdles, while mimicking the behavior of cells, delivering their cargo safely 
and efficiently to the target tissue, cell or cellular compartment and serving as diagnostics, 
therapeutics or in the promising field of Theranostics [3]. 
 
Keywords: new health nanotechnologies; nanomedicines; chimeric nanocarriers; self-assembly; 
stimuli-responsive; analysis tools 
 

 
Figure 1. Development and stimuli-responsive behavior of chimeric nanocarriers incorporating drug molecules. 
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Biofilms are prevalent in chronic wounds and once formed are very hard to remove, which is 
associated with poor outcomes and high mortality rates. Biofilms are comprised of surface-attached 
bacteria embedded in an extracellular polymeric substance (EPS) matrix, which confers increased 
antibiotic resistance and host immune evasion. Disruption of this matrix is essential to tackle the 
biofilm-embedded bacteria. Here, we propose several novel nanotechnologies [1,2] to do this, based 
on protease-functionalized nanogel carriers of antibiotics. Such active antibiotic nanocarriers, 
surface coated with the protease Alcalase, “digest” their way through the biofilm EPS matrix, reach 
the buried bacteria and deliver a high dose of antibiotic directly on their cell walls, which overwhelms 
their defenses. We demonstrated their effectiveness against six wound biofilm-forming bacteria, S. 
aureus, P. aeruginosa, S. epidermidis, K. pneumoniae, E. coli and E. faecalis. We confirmed a 6-fold 
decrease in the biofilm mass and a substantial reduction in bacterial cell density. We showed that 
co-treatments of ciprofloxacin and Alcalase-coated Carbopol nanogels led to a 3-log reduction in 
viable biofilm-forming cells when compared to ciprofloxacin treatments alone. Encapsulating an 
equivalent concentration of ciprofloxacin into the Alcalase-coated nanogel particles boosted their 
antibacterial effect much further, reducing the bacterial cell viability to below detectable amounts. 
The Alcalase-coated nanogel particles were non-cytotoxic to human adult keratinocyte cells 
(HaCaT), inducing a very low apoptotic response in these cells. Overall, we demonstrated that the 
Alcalase-coated nanogels loaded with a cationic antibiotic elicit very strong biofilm-clearing effects 
against wound-associated biofilm-forming pathogenic bacteria. This approach may breathe new life 
into a wide variety of existing antibiotics, helping to overcome antibiotic resistance. It has the 
potential to become a very powerful treatment of chronically infected wounds with biofilm forming 
bacteria.  

 
Figure 1: Targeting bacterial biofilms with protease-coated antibiotic (ABX) loaded nanogel 
carriers.   
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The readability of works of art can be altered by the deposition of unwanted materials, due to 
environmental exposure, wrong handling, or previous conservation treatments.[1–2] In some cases, 
cleaning may be required: surficial grime, or degraded layers, such as yellowed varnishes, can be 
selectively removed. In the case of Modern and Contemporary paintings, the cleaning process can be 
challenging: their rough, fragile and often water-sensitive surfaces can be easily damaged, making 
the process slow and laborious. 

Polyvinyl alcohol (PVA) cryogels allow a safe and selective removal of unwanted materials from 
complex surfaces.[3] We formulated soft, macroporous gels by combining a partially and a highly  
hydrolyzed PVA (L-PVA and H-PVA, respectively).[4] L-PVA acts as a porogen, as it spontaneously 
undergoes a phase-separation in the pre-gel solution. 

Confocal Microscopy showed that the resulting Twin Chain Networks, after washing, have a 
sponge-like structure and an interconnected porosity. L-PVA is partially extracted during washing, 
but some L-PVA chains remain entrapped in the pores or stuck on the gel walls, probably enhancing 
the networks ability to entrap soil. L-PVA dynamics were elucidated through Fluorescence 
Correlation Spectroscopy (FCS). Small Angle X-ray Scattering (SAXS) and rheology proved that both 
the presence of L-PVA and the number of freeze-thaw cycles strongly affect the gels structure and 
compliance. The gels showed high water retentiveness and high water content: they can be loaded 
with aqueous solutions or microemulsions, to remove different types of grime from water-sensitive 
substrates. 

All these features granted unprecedented cleaning performances: hydrophilic grime was 
successfully removed from the surfaces of “Two” and “Eyes in the Heat” by Jackson Pollock, while 
aged varnish was easily detached from “The Studio” by Pablo Picasso (Peggy Guggenheim Collection, 
Venice). Twin-Chain Networks are a clear example of the effectiveness of a science-driven approach 
in the restoration practice. 

 
 
Keywords: PVA cryogels, Modern Art, Cleaning, phase-separation, polymer dynamics 
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The last years have witnessed a growing interest in colloidal particles with a specific surface pattern 
of catalytic behavior: the particles can thus induce chemical reactions in their environment, a feature 
dubbed “activity”. Specifically, a sufficiently asymmetric pattern (“Janus particles”) leads generically 
to self-propulsion and self-rotation.   

The mechanism responsible for this self-propulsion is a matter of recent debate. There seems 
to be a consensus on the relevance of self-phoresis, that is, the usual diffusiophoretic displacement 
and rotation of a non-active particle immersed in a chemical solution exhibiting a gradient of solute, 
except that the gradient is self-induced by the catalytic activity of the particle. This mechanism relies 
fundamentally on the existence of a differential microscopic interaction between the particles' 
surface and the molecules of solute or of solvent, respectively, that is, the solute has a tendency to 
“wet the particle”. 

 We have recently identified a new theoretical mechanism [1] that relies instead on the non-
vanishing range of correlations in the fluid solution, usually comparable to the range of the wetting 
interaction. This mechanism is effective also for neutral (“nonwetting”) particles, and the model 
predicts self-propulsion velocities that can reach values comparable to the observed ones. But the 
mechanism also exhibits certain characteristic features that lead to observable differences as 
compared to the wetting—driven mechanism: most notably, a quadratic dependence of the velocity 
on the activity, and the absence of self-phoretic rotation. Another important result is the 
mechanism's irrelevance for the phoresis of non-active particles: therefore, correlation—driven self-
phoresis cannot be interpreted as phoresis in an external, albeit self-induced concentration gradient, 
very much unlike the mechanism based on wetting. 
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Compression and ordering of monolayers of polymer microgels with a spherical void adsorbed at 
the liquid interfaces were studied by dissipative particle dynamics simulations. The effect of the 
cavity size on the ordering, compressibility of the monolayer and its structure at different degrees 
of compression was studied. The results demonstrate the important role of the void in the shape 
and volume changes of the microgels upon compression as well as to the changes of the relative 
position of the microgel with respect to the interface. The compression of the monolayers leads to 
the decrease of the lateral size of the hollow microgel. At the same time, the shape of the individual 
soft particles gradually changes from oblate, nearly spherical to pancakelike. The concentration 
profile, order and surface structure of the monolayer were obtained. The compression isotherms 
were calculated and analyzed.   
 
Keywords: hollow microgels, liquid interface, monolayers, compression, dissipative particle 
dynamics 

    
Figure 1. Snapshots of monolayer of hollow microgels (top and side views) under 

compression 
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Mixing oppositely charged polyelectrolytes and O/W microemulsion droplets leads to formation of 
polyelectrolyte/microemulsion complexes (PEMECs), which automatically contain larger amounts 
of hydrophobic solubilisate. Their structure depends on mixing ratio, type of polyelectrolyte 
employed and the characteristics of the microemulsion. Such PEMECs were investigated by us for 
differently sized microemulsion droplets and types of polyelectrolytes ranging from flexible ones like 
polyacrylate (PAA) [1] to rather stiff biopolymers like hyaluronate (HA) or carboxymethylcellulose 
(CMC) [2]. In the range of charge compensation phase separation is observed, while monophasic 
regions are present otherwise. The PEMEC structure was characterised comprehensively by 
combining static/dynamic light scattering (SLS, DLS), small-angle neutron scattering (SANS), and 
fluorescence correlation spectroscopy (FCS). Our investigations showed that the structures formed 
depend markedly on type and Mw of the polyelectrolyte employed (Figure 1), as well as on the charge 
density of the microemulsion droplets. For using TDMAO as main surfactant the latter can be 
controlled by pH, strongly affecting aggregation behaviour at pH 5-8. One observes elongated 
aggregates for polyelectrolyte-excess, and structures correlate with the stiffness of the 
polyelectrolyte. The thermodynamics of the complexation process was studied by ITC, and it is 
particularly strongly coupled to size and charge of the microemulsion droplets.  

These experiments deliver a comprehensive picture interrelating phase behaviour, 
thermodynamics, and structure of PEMEC formation and relates it directly to the properties of the 
constituting components. With this knowledge it is possible to design PEMECs with well-defined 
structural features by proper choice of the components, and to have marked pH-response of their 
structures and properties. Such systems then should be interesting for potential applications in 
formulations in the field of controlled release and delivery of active agents, for instance in cosmetics.  
 
Keywords: microemulsions, polyelectrolytes, self-assembly, ionic assembly, SANS, pH-response 
 

 
Figure 1. Structural effects of changing the type of polyelectrolyte as seen by SANS. 
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In recent decades, the great efforts of the scientific community have been devoted to effectively 
combat the bacterial infections which are responsible for morbidity and mortality in hospitals 
through various medical device-associated diseases. The surfaces with extreme wettability obtained 
using laser processing are considered among the most prospective ways to solve the above problem, 
and the control of wettability and spreading of biological liquids over such surfaces is a crucial area 
of laboratory research. For such surfaces, the fast spreading of biological dispersion along the surface 
with the uniform distribution of biological organisms is an essential step for obtaining appreciable 
bactericidal effect. The spreading scenario for the Newtonian liquid droplet atop of the composite 
textured substrates is rather complicated (Figure 1), but the situation becomes much more intricate 
when the spreading of a non-Newtonian liquid, in particular, of the biological fluid containing cells 
or viruses, is considered. In this presentation we show the results of comparative study of spreading 
of water and the aqueous suspensions of bacterial cells and viruses over the laser textured substrate 
[1]. The observed peculiarities of spreading make it possible to understand better the rheological 
behavior of biological liquids spreading and open a way to purposefully manage the interaction of 
cells or viruses with the substrate.  
 
 
Keywords: hierarchically textured surface; spreading; dynamic wetting; biologically relevant 
liquid; image processing 
 
 

 
 

Figure 1. Spreading of aqueous droplet atop of the textured aluminum substrate. (a) Top view of the spreading droplet 
at an arbitrary instant and (b) time evolution of positions of various spreading fronts. The points in (a) and lines in (b) 
shows positions of fronts associated with the propagation of liquid within the nanotextured features (1, 2), the spreading 
along microchannels (3, 4) and the position of bulk droplet base (5,6) along the fast (1, 3, 5) and slow (2, 4, 6) axes. The 
arrow in (a) indicates the direction of laser scanning. 
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Inhaled nanoparticles (< 100 nm) reaching the deep lung region first interact with the pulmonary 
surfactant, a thin lipid film lining the alveolar epithelium [1]. To date, most biophysical studies have 
focused on particle induced modifications of the film interfacial properties. In comparison, there is 
less work on the surfactant bulk properties, and on their changes upon particle exposure. Here we 
study the viscoelastic properties of a biomimetic pulmonary surfactant in the presence of various 
engineered nanoparticles [2]. The microrheology technique used is based on the remote actuation of 
micron-sized wires via the application of a rotating magnetic field and on time-lapse optical 
microscopy [3]. It enables to measure the shear viscosity and elastic modulus of complex fluids in 
minute amounts [4,5]. It is found that particles strongly interacting with lipid vesicles, such as 
cationic silica (SiO2, 42 nm) and alumina (Al2O3, 40 nm) induce profound modifications of the 
surfactant flow properties, even at low concentrations. In particular, we find that silica causes 
fluidification, while alumina induces a liquid-to-soft solid transition. Both phenomena are described 
quantitatively and accounted for in the context of colloidal physics models [6]. It is finally suggested 
that the structure and viscosity changes could impair the fluid reorganization and recirculation 
occurring during breathing. 
 
Keywords: pulmonary (lung) surfactant – nanoparticles– microrheology 
 

 
Figure 1. Left panels: optical microscopy images of a 94 µm wire in Curosurf® 40 g L-1 subjected to a rotating field of 

10 mT at the frequency of 0.63 rad s-1 (T = 25 °C). Right panel: concentration dependence of the Curosurf® static 
viscosity. The dashed line is obtained from the Einstein model while the continuous line was derived from the Krieger-

Dougherty equation.  
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This communication presents a significant extension of the non-stationary kinetic theory of the nucleation 
stage for gas bubble formation in supersaturated viscous liquid solutions after fast decompression. The gen-
eral lines of the approach have been recently published in [1-3]. A main novel feature is the ability to predict 
evolution of a single overcritical bubble as well as evolution of the whole ensemble of the overcritical bubbles 
with taking into account the full influence of the capillary pressure and viscosity on gas pressure in the bub-
ble. We have shown how the concentration profile of the dissolved gas in supersaturated solution around the 
growing bubble changes with time and gradually transforms into a stationary steady-state (at low solubility 
and moderate supersaturation of the dissolved gas) or self-similar profile (at large solubility and supersatu-
ration of the dissolved gas). As a consequence of the capillary pressure and viscosity effects, establishing the 
steady-state and self-similar diffusion regimes may be significantly postponed or even does not reached at 
nucleation stage. New equations for the total excluded volume, swelling of the solution, and size distribution 
of overcritical bubbles as functions of time have been formulated to include the capillary and viscous effects. 
The solutions of these equations have been presented in the general form and numerically illustrated in the 
particular cases of high and moderate gas supersaturations and solubilities. 

Keywords: bubbles, kinetics, degassing, non-stationary nucleation
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Artificial active matter has become a core interest in physics which is mostly due to its ability to 
emulate living systems. Since these systems operate constantly out of equilibrium, new physics had 
to be developed to understand autonomous motion at the microscale. Especially, light driven 
systems[1] hold additional control options that are highly promising for applications.[2] 
Here, we use magnetic, light driven Au@TiO2 micromotors that do not only have an on-off-switch, 
but their magnetic layer allows to overall dictate their motion direction. However, surprisingly our 
particles also display a rare type of scotophobicity, or fear of darkness.  
This behavior resembles the behavioral patterns that phototrophic bacteria use to optimize their 
position with respect to light. We describe how our fully artificial, magnetic and photocatalytic 
microswimmers apparently undergo phototactic behavior. Since there is no obvious reason for the 
particles to do so, we analyze different influences and elucidate through experiments and theoretical 
considerations from which physical circumstances this behavior originates. 
 
Keywords: Active matter, TiO2 colloids, phototaxis, theory-experimental collaboraion 
 
 

 
Figure 1. Janus particle and the flows that give rise to position stabilizing torques. 
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Polymer hydrogels, water-laden 3D crosslinked networks, find broad application as advanced biomate-
rials and functional materials due to their biocompatibility, stimuli responsiveness, and affordability. In 
these materials, the crosslinking density reports material properties such as elasticity, strength, permea-
bility, and swelling propensity. Patterning this critical design parameter across the volume polymerized 
is an attractive means by which to engineer hydrogel performance. In this talk, we present a novel pro-
cessing scheme that uses laminar flow to direct the organization of hydrogel crosslinking density across 
a single sample. Inspired by techniques used to structure polymeric melts, we design custom millifluidic 
devices that force disparate streams through serpentine splitting, rotation, and recombination elements. 
These elements multiply the advecting macromer concentration distribution within the cross-sectional 
area while preserving its relative spacing and orientation. Photopolymerization of the sculpted precursor 
secures the distribution in place, resulting in gel filaments with heterogenous distributions.

As an example of the potential applications this technology may serve, we use advective as-
sembly to fabricate poly(ethylene glycol) diacrylate hydrogel actuators. Gel precursors of different 
polymer compositions are first blended with a poly(acrylic acid) microgel dispersion, which serves 
as a yield stress carrier fluid that promotes plug flow and preserves the fidelity of patterned concen-
tration maps. After polymerization, the distribution of crosslinking density (tens of microns) causes 
gel filaments to swell differentially when immersed in aqueous environments, giving rise to shape 
changes that persist over tens of centimeters. Deformation is predictively programed by changing 
the concentration density map through simple adjustment of the relative flow rates of incoming 
streams. Incorporating advective assembly devices into conventional 3D printing nozzles enables 
the fabrication of hierarchical, shape-morphing hydrogels. The unique structures achieved, and the 
geometrically dictated, chemistry-agnostic operating principles used to achieve them, provide a new 
means to engineer hydrogels to suit a variety of applications.

Keywords: processing, hydrogels, responsive materials

Figure 1: Advective assemblers sculpt hydrogel crosslinking density along 
the laminar streamlines of the serpentine device geometry. 

Here, a ‘comb’ is produced by (a) feeding disparate hydrogel inks through 
(b) layer multiplication elements, and (c) adding a second layer perpendicular to the teeth. 

This illustrative design consists of a ALHLVR + AR element sequence; other cross-sections can be 
achieved by combining or omitting different flow elements. Postextrusion, the variable 

crosslinking density is secured via (d) UV polymerization.
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The design of macromolecules, or macromolecular assemblies, able to perform a predetermined 
work at the nanoscale, is an extremely complex topic, that requires the knowledge of a plethora of 
information.  When aiming at the creation of a novel material, that can either (self-)assemble in a 
predetermined phase, or is able to perform a pre-defined action, it becomes essential to understand 
which are the parameters that retain the main information on the system behaviour.  
Polymers are exceptional building blocks, that can be used to design “smart” materials, e.g. they can 
be used to create assemblies that able to perform actions that were embedded in the way the material 
was designed. The competition between entropy and enthalpy can be shown to be the main driving 
force in the way such macromolecules behave. The understanding of the contribution of these two 
energetic terms, allows for a control – and for a design -   of smart macromolecules and 
macromolecular assemblies.  By means of a hybrid purely theoretical and computational approach, 
and through a close collaboration with experimentalists, we will here show how such a balance allows 
to realise materials with a tunable re-entrant disorder/order/disorder transition [1], or to design 
theoretically and realise experimentally smart adsorbers – able to selective load cargo at the 
nanoscale [2]. Moreover we will show how geometry [3,4] can play a crucial role for selectivity when 
designing molecular nano-adsorbers. 
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experiments 
 

 
Figure 1. Controlled Colloidal Adsorption in Bottlebrushes. 
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Among the plethora of polymer networks, microgels have raised strong interest in many scientific 
areas. These colloidal polymer networks show a controlled responsive behavior, high stability, and 
bio-compatibility.[1] Introducing supramolecular functionalities into microgels enables the 
degradation via stimuli such as light, redox, or pH, which can be used to release drugs or control 
their physicochemical properties on-demand.[2] The aim of the present study is to design aqueous 
microgels based on supramolecular cross-links via droplet-based microfluidics.[3] The natural 
polyphenol tannic acid (TA) is used as a physical cross-linker which enables hydrogen bonding with 
the carbonyl group of the poly(N-vinylcaprolactam) (PVCL) chain. We synthesized a series of 
microgels at a fixed pre-polymer PVCL concentration with a variable content of tannic acid. All 
synthesized microgels are stable in water and could be cleaved instantly with increasing pH by the 
addition of aqueous NaOH, which breaks hydrogen bonding. Evidence shows also that microgels de-
swell at low pH in the presence of an HCL solution, which is believed to be due to the increasing 
amount of hydrogen bonding between the polymer chain and the cross-linker. Introducing a new 
type of design of the microfluidic chip enables on-chip gelation. With this setup, we could control of 
gelation process and fabricate rod-shaped microgels with tunable aspect ratios. Using self-assembly 
of PVCL nanogels at interfaces and by interlocking them, we could also achieve colloidosomes. 
Furthermore, a model system for encapsulation and release of colloidal small PVCL microgel 
particles (1.2 µm) tagged with FITC dye could be demonstrated. This work clearly shows that the pH-
responsive microgels have the potential to load/release various bioactives such as drugs, bacteria, 
cells, or other bio-reagents. 
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Figure 1. Fabrication of supramacromolecular microgels with tunable shape via microfluidics.[3] 
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The volume fraction, 𝜙𝜙, occupied by colloids in a suspension is the thermodynamic variable that 
determines their phase behavior. For soft compressible colloids such as microgels - polymeric 
crosslinked networks swollen in a good solvent - the determination of the real volume occupied by 
these particles in solution is challenging since they can change shape and size as a function of 
concentration [1]. Two methods are presented to access the 𝜙𝜙 of compressible microgels in crowded 
solutions. One is based on osmotic pressure measurements and the other on small-angle neutron 
scattering (SANS) with contrast variation.  

The first method relies on the consideration that the equation of state relates the suspension 
osmotic pressure to the 𝜙𝜙 of the microgel in solution. The value of the osmotic pressure of the 
suspension is set up by the counter-ions that can leave the microgels for entropic reasons and can be 
directly measured. Then, using the relation between osmotic pressure, free counter-ions and volume 
fraction developed by Cloitre and coworker [2], it is possible to obtain the real volume occupied by 
the compressed and deformed microgels in solution [3].  
 The second method relies on the direct measurement of the volume of and individual microgel 
in solution. Selective deuteration of samples, combined with a solvent that is a mixture of water and 
heavy water, allows us to suppress the contribution to the scattering due to the microgel-to-microgel 
interactions. In this way, SANS can probe the form factor of individual microgels, which contains the 
information on the total size of the microgel in crowded samples.  
 We found that soft microgels preferentially change their shape before changing their volume, 
i.e. they facet. In contrast, hard microgels deswell with increasing sample concentration that is, they 
decrease their volume maintaining constant their spherical shape.  
 
Keywords: colloids, microgels, softness, small-angle neutron scattering, contrast variation, 
osmotic pressure, phase transitions 
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Surfactant-based lyotropic liquid crystal gels (LLCGs) are soft materials which combine 
the anisotropic order of a surfactant-based lyotropic liquid crystal with the 
mechanical stability of a gel! The most prominent example of a „natural“ LLCG is 
the cell. This presentation is about potential applications of LLCGs and the different 
strategies via which LLCGs can be obtained. The main focus, however, is on gelation with 
low molecular weight gelators (LMWG), which form self-assembled fibrillar networks 
(SAFiN). We will discuss whether or not the resulting LLCGs are orthogonal self-
assembled systems, i.e. systems where the two coexisting structures (lyotropic liquid 
crystal and SAFiN) form independently. 

Keywords: physical gels, lyotropic liquid crystals, orthogonal self-assembly 
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Casimir-van der Waals (vdW) forces are pervasive in nature and they control many physical phenomenon [1]. 
The magnitude of Casimir-vdW forces can be quantified using the theory developed by Lifshitz in 1960’s [2]. 
The major challenge in applying this theory is that the full spectrum of the dielectric functions of all interact-
ing materials are required. In reality, it is not possible to measure the dielectric functions over the entire pho-
ton energies using a single technique, and one needs to compile the experimental data measured at different 
photon energy range or crudely estimates these functions using multi harmonic oscillators. This approach, 
despite being widely used over the past sixty years, has led to inconsistent estimation of the Casimir-vdW 
forces especially when interacting bodies are immersed in liquids [3, 4].
 Here, we propose a universal theoretical platform to accurately compute Casimir-vdW forces [4]. We 
show that self-consistency of optical constants is essential for accurate calculation of Casimir-vdW forces. By 
evaluating a large set of experimentally measured self-consistent dielectric functions of different materials, 
an empirical modified harmonic oscillator model is introduced. The calculated forces showed excellent agree-
ment with the measured forces (Figure 1). 

Keywords: van der Waals Forces, Dielectric Function, Casimir Effect, Hamaker Constant

Figure 1. Comparison of the computed Casimir-vdW forces (red lines) with measured forces for different materials (symbols). 
Note that no fitting parameter is used.
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The structure and dynamics of the ionic liquid 1-ethyl-3-methylimidazolium acetate (EMIMAc) in 
porous glass with pores of the size 40 and 100 Å is determined in comparison to the bulk liquid [1]. 
We employed x-ray diffraction to measure the domain structure, and neutron backscattering for the 
dynamics. In confinement, the liquid displays onion-like domain structuring while in bulk the liquid 
is largely forming a bicontinuous structure similar to microemulsions. This also has an effect on the 
dynamics of the liquid at high temperatures (373K): The ions in the bulk can diffuse along the domain 
boundaries while they need to cross the domains in the ordered state in confinement. At low 
temperatures, the attractive forces of all ions are such strong – we have a highly viscous fluid – such 
that the diffusion in any direction is similarly slow, and the exact domain structure plays a minor 
role. 
 
Keywords: Ionic liquid, structure, dynamics, domain structure, diffusion 
 
 

 
Figure 1. The preferred paths of the diffusion of the ions in a ionic liquid: (A) in the bulk along the 
domain boundaries, and (B) in confinement trough the domains that have onion-like shapes along 
the glass walls. 
 
 
Reference 
[1] D. Noferini, O. Holderer, H. Frielinghaus, Physical Chemistry Chemical Physics, 22, 9046 
(2020). 
 



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

47

KN 10.3
 

 
 Effect of intermolecular forces on the fluctuations of ultra-thin 

liquid films  
 

Laurence Talini 1, Cécile Clavaud 2, Martin Maza-Cuello 2, Christian Frétigny 2 and 
Thomas Bickel 3  

 
1CNRS, Surface du Verre et Interfaces, Saint-Gobain, Aubervilliers, France 

2CNRS, SIMM, ESPCI, PSL Research University, Sorbonne Université, Paris, France 
3Univ. Bordeaux, CNRS, Laboratoire Ondes et Matière d’Aquitaine, Talence, France 

 
 

Presenting author e-mail: laurence.talini@espci.fr 
 
 

At molecular scales, the interface of a liquid with air or another liquid is not flat but is constantly 
deformed by thermal motion. The resulting height fluctuations of the interface have a central role in 
phenomena such as spinodal dewetting, and hence determine the lifetimes of supported liquid films. 
For very small film thicknesses, the amplitudes of these fluctuations are expected to depend on the 
intermolecular forces; if the liquid is non-wetting they are amplified, conversely, they are decreased 
for a wetting liquid. These effects have been studied theoretically and numerically but experimental 
data is missing to confirm the influence of intermolecular forces on fluctuating interfaces.  

We present the first measurements of the fluctuation spectra of the free surfaces of ultra-thin 
supported liquid films evidencing the effects of intermolecular forces. We use an optically-induced 
thermal gradient to form nanometer-thin films of wetting liquids on glass substrates, in which 
repulsive van der Waals forces are balanced by thermocapillary forces. Thermal fluctuations of the 
free surfaces of the films are measured using a non-invasive technique based on the deflection of a 
laser beam [1]. We report a strong modification of the fluctuation dynamics at low frequencies, which 
is successfully described by a theoretical expression accounting for non-retarded van der Waals 
forces. Our results emphasize the relevance of considering the influence of molecular forces on the 
fluctuations of interfaces. 
 
Keywords: Thin liquid films, Fluctuating interfaces, Intermolecular forces 
 
 

 
Figure 1. Left: description of the experimental set-up used to form ultra-thin liquid supported liquid films and 

measure the fluctuations of their free surfaces. Right: fluctuation spectra of silicone oil films 9nm-thick (red) and 
30nm-thick blue). The full line represents the theoretical spectra without (grey) and with intermolecular forces (black). 
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Second Harmonic Generation (SHG) is a nonlinear optical process based on the conversion of two 
photons of the same frequency into a single photon of twice the fundamental frequency. Considering 
its high sensitivity to the inversion-symmetry breaking, SHG has emerged as one of the most 
powerful techniques used to selectively monitor surface dynamics and reactions for all types of 
interfaces as well as for imaging non-centrosymmetric structures. Nevertheless, the origin of the 
SHG signal at a molecular scale is poorly understood and its interpretation as well as its simulation 
still mainly rely on molecular hyperpolarizability and orientation. 
 To gain understanding in the origin of SHG signal, we develop here a new ab initio method for 
the simulation of the experimental SHG response, based on the direct calculation of the surface 
second-order electric susceptibility that controls the SHG response. This method is freed from the 
hyperpolarizability concept, which strongly depends upon the local chemical environment of the 
molecules. A simple water-air interface is used as a case study to develop and validate the method. 

We demonstrate that the bulk quadrupole contribution significantly overwhelms the interface 
dipole term in the purely interfacial induced second-order polarization. By including the bulk 
quadrupole contribution in the calculation, we obtain simulated SHG responses that are in 
unprecedented agreement with the experimental signal, with average relative errors lower than 5%. 
This work highlights the modest influence of the molecular orientation and the high significance of 
the bulk quadrupole contribution, which, by definition, does not depend on the interface, in the total 
experimental response.  
 
 
Keywords: Non-linear Optics, Density Functional Theory, Maximally Localized Wannier 
Functions, Quadrupole, Interface-specificity 
 
 

 
Figure 1. P- (black), S- (blue), and 45°-polarized (red) experimental SHG responses for a water/air interface (points) 

and the SHG responses simulated using the direct ab initio method developed here (lines). 
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We study three amphiphilic fragrances: benzyl acetate, linalool, and citronellol, which behave as 
surfactants on air/ water interface. All three possess low but appreciable saturated vapor pressures 
and solubilities in water. We report experimental data for the time relaxation of the surface tension 
in the regimes of (i) adsorption from vapor toward the surface of a pendant drop of water, and (ii) 
evaporation from a pre-saturated pendant drop (aqueous solution). The results are analysed 
theoretically, by combining them with separately obtained equilibrium surface tension isotherms 
and the equations of state, that relate the surface tension  with the adsorption, .

The theoretical description is based on numerical solution of the diffusion equations in the 
bulk, coupled with boundary conditions which take into account the existence of kinetic barriers for 
the transfer to/ from the drop interface by mass exchange with the contiguous sub-surface. Thus, it 
is shown that the mixed barrier-diffusion control in the vapor and the diffusion control in the drop 
describe well the experimental data in the first regime, adsorption from gas phase onto an aqueous 
drop. The respective rate constant kv,ads quantifies the effect of barriers. 
 The regime of evaporation from a pendant drop of aqueous solution follows a convection-
enhanced adsorption mechanism from the drop interior, with a desorption rate constant in the gas 
affected by the simultaneous evaporation of water and the amphiphile. The detailed theory is fully 
compliant with a simplified „engineering” approach that describes the overall transport kinetics by 
assigning an effective mass transfer coefficient. The latter is stipulated to proportionate the flux to 
the gradient in the solute concentration; this model is in accord with the measured data for (t).

Keywords: evaporation of surfactants, adsorption/desorption barriers, dynamic surface tension 

 
Figure 1.  Illustration of the reproducibility, showing two independent experiments with benzyl acetate, represented 

by orange and cyan dots; the solid line depicts the best theoretical fit in the two regimes.
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Dairy gels are the result of assembling the fundamental units of milk structure, casein micelles, into 
larger structures which are eventually continuous in the bulk, a gel. The range of dairy gels differ in 
their macroscopic texture and the process can be realized by chemical or microbiological means.[1] 
In the wider literature on gels the physical properties of colloidal gels may be microscopically 
influenced by the larger network structure[2]. In this study we use the  ultra-small angle neutron 
scattering (USANS) instrument KOOKABURRA[3] to study the formation of the fractal networks in 
both low fat (skim) and full cream milk reconstituted from milk powder. Since the gels are formed 
by the aggregation of casein micelles of the order 100’s of nm, USANS and its ability to probe 
structure from 100’s of nm to 10’s microns[4], provides the ability to probe non-destructively the 
fractal dimensions of the aggregates of casein micelles formed chemically, or by micro-organisms.   
We have used contrast variation (variation of solvent D2O:H2O ratio) to highlight the fat globules, or 
the casein micelles, the two major structural components of full cream milk. In the case of the skim 
milk powder the samples were prepared from D2O and the structural perspective is largely on the 
casein micelles.  In the case of the full cream powder hydration was achieved in either D2O or a 
mixture of D2O and H2O contrast matched to the fat globules to provide a structural perspective on 
the fat globules, or the network of casein micelles, respectively.  In the case of the full cream gels in 
D2O, the scattering is dominated by the contrast between fat globules and the solvent, we identify 
small changes in average size of globules during gelation depending on the gelation process.   
 
 
Keywords: colloidal gels, dairy gels, fractal network, ultra-small angle neutron scattering 
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Plant exudates like Acacia gums are made of arabinogalactan-proteins (AGP), with a high proportion 
of branched neutral and charged sugars in the polysaccharide moiety. These AGPs display high 
added-value functionalities in particular their ability to adsorb at solid-liquid and liquid-liquid 
interfaces. Industrial applications of these AGPs concern mainly stabilization of dispersed food 
systems and as adhesive. However, little is known about the molecular mechanism underlying the 
adsorption properties of these AGPs. 
 The present study focus on the adsorption of Acacia gum (A. senegal), and its molecular 
fractions, at solid-liquid interfaces, onto gold surfaces, characterized with QCM-D and SPR. 
Combining these two techniques can provide information on the sorption mechanisms, structural 
changes and state of hydration of the adsorbed film. Impact of the protein/sugar ratio, molecular 
weight and aggregation state on the adsorption capacity was investigated by studying AGPs fractions 
with different structural and biochemical features. The effect of ionic strength on the adsorption 
behavior, the maximum coverage, the thickness and the fraction of water of the adsorbed films were 
investigated. 
 Adsorption on solid surface would be primarily driven by the protein moiety of the AGPs 
through hydrophobic forces. Increasing ionic strength allowed the formation of highly coverage films 
with aggregates on the surface. However, the maximum adsorption capacity was reached by a 
fraction containing an average protein quantity and a high content of AGPs of high molecular weight. 
The results of this study highlighted that AGPs surface adsorption process would depend not only on 
the protein moiety and high molecular weight AGP content but also on other parameters such as the 
molecular weight distribution and the AGPs flexibility allowing structural rearrangements on the 
surface and spreading in order to form a viscoelastic film. 
 
Keywords: adsorption, QCM-D, SPR, arabinogalactan-protein, hydration 
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Lateral accumulation and film defects during drying of hard particle coatings is a common problem, 
typically solved using polymeric additives and surface active ingredients, which require further 
processing of the dried film. Capillary suspensions with their tunable physical properties, devoid of 
polymers, offer new pathways in producing uniform and defect free particulate coatings [1]. We 
investigated the effect of small amounts of secondary liquid on the coating’s drying behavior. Stress 
build-up and weight loss in a temperature and humidity controlled drying chamber were 
simultaneously measured [2]. Changes in the coating’s reflectance and height profile over time were 
related with the weight loss and stress curve.  

Capillary suspensions dry uniformly without defects. Lateral drying is inhibited by the high 
yield stress, causing the coating to shrink to an even height. The bridges between particles prevent 
air invasion and extend the constant drying period. The liquid in the lower layers is transported to 
the interface via corner flow within surface pores, leading to a partially dry layer near the substrate 
while the pores above are still saturated. Increasing the relative humidity enhances this effect, even 
for pure suspensions [3]. This change is driven by transport of the water through the bulk liquid to 
the bridges [4]. We show that capillary suspensions can be formed by mixing particles with partially 
saturated 1-alkanol (6–8 carbon atoms)/water solutions, without the need for a temperature induced 
phase separation. Moreover, we show this effect works with different particle sizes and geometries.  
 
 
Keywords: Drying, Particle coatings, Capillary suspension, Particle induced binary phase 
separation, Partial solubility, Film defects  
 
 

 
Figure 1. (left) Stress drying apparatus. (right) Schematic difference between regular and capillary suspensions with 

corresponding images of the films at the beginning and end of the drying experiments . 
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It is a matter of strategic independence for Europe to urgently find processes taking account of 
environmental and economic issues, when mining and recycling rare earth elements. Separation and 
recycling of rare earths from electronic waste is important for the success of present and future 
carbon-free technologies. Solvent extraction based on “water-poor” microemulsions is one of the first 
technologies allowing the take-off of circular economy. However, an optimized process on an 
industrial scale has not been established. One major reason is the lack of fundamental knowledge, 
therefore designing a cost-efficient, adaptive and predictive formulation is still out of scope of 
possibilities. Our objective is to develop the fundamental understanding involved in the process’ 
complex fluids (experimental and theoretical) concerning liquid-liquid extraction of REE and in 
order to render environmentally friendly processes economically competitive. 
 

In order to gain more comprehensive view between quaternary phase diagrams (macroscopic 
view), extraction properties and the molecular driving forces in solvent extraction (colloidal view at 
nanoscale), downscaling the extraction process to microfluidics proves to be a useful approach 
allowing accurate and rapid adaptation to such composition changes [1]. we describe here the first 
automated microfluidic tool integrated with X-ray fluorescence microanalysis allowing to measure 
with enough precision the free energy of transfer of ions along the lines in quaternary phase 
diagrams. Our contribution towards a more complete understanding in this matter is the analysis 
and comparison of the phase behavior, extracting efficiency and selectivity of such systems as well 
as the correlation of these findings with the colloidal “ienaics” approach by identifying the molecular 
driving forces favoring or quenching the transfer. 
 
Keywords: Complex fluids, Liquid-liquid extraction, Microfluidics, X-ray Fluorescence, on-line 
measurement, Rare earths, Thermodynamics, Kinetics. 

 
Figure 1. Graphical free energy balance between supramolecular complexation, the chain reconfiguration term and 

the internal energy of the polar cores. 
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Wetting is a surface phenomenon, which commonly occurs in nature and has an enormous 
influence on human life. Slippery liquid-infused porous surfaces have recently been developed to 
support the growing demand for anti-fouling coatings. While short-chain fluorinated compounds, 
commonly used to reduce the surface energy of substrates, have been banned due to environmental 
toxicity, silane-based compounds are expensive and barely scalable. In this sense, silicone-based 
chemistry may match the gap as a real alternative. However, the grafting approaches demonstrated 
so far suffered from either slow binding kinetics or were applied under harsh conditions.  

Here, we demonstrate that polydimethylsiloxanes graft to virtually any substrate when 
illuminated by UV light serving simultaneously as a reducing surface energy agent and infusing 
lubricant. This procedure was applied on metals, metal oxides, and ceramics of various surface 
morphologies. The proposed approach is simple, fast, scalable, environmentally friendly, and of low-
cost, yet forms stable lubricant-infused slippery surfaces by a one-pot process. Due to the 
biocompatibility of silicone-based compounds, the process was examined on plain medically-
applicable substrates such as scalpel blades and glass lenses that display enhanced corrosion 
resistance, reduced friction through incision, and repel blood staining and bacterial adhesion 
without deteriorating their mechanical and optical characteristics. 
 
 
Keywords: lubricant-infused slippery surfaces, polydimethylsiloxane, corrosion resistance, anti-
biofouling, blood-repellent coating 
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The self-assembly of colloidal particles composed of two chemically different domains is 

attracting strong interests due to their potential as building units to obtain colloidal molecules, 
supracrystals and well organized nanostructures that can lead to new functionalities [1,2]. However, 
these studies focused on the final assembled structures, while their morphology evolution and 
intermediates have been rarely explored. Here, we use acorn-shaped silica/polystyrene (PS) 
nanoparticles consisting of one PS lobe and one negatively charged silica cap as a model to study 
systematically the effect of the shape on their morphology evolution in the course of their assembly. 
Four types of building blocks with a polystyrene lobe of the same volume but with a silica lobe of 
different sizes were synthesized through the precise regrowth of the silica. We showed by 
transmission electron microscopy that dimers, trimers, tetramers and spherical or elongated 
micelles can be observed successively via self-assembly in THF/ethanol mixtures. We studied the 
influence of the PS lobe-to-silica cap size ratio and compared the observed colloidal structures to the 
simulated ones predicted by others [3].  
 
 
 
Keywords: colloidal assembly, asymmetric particles, morphology evolution, micelle  
 

 
 

Figure 1. Time-dependent morphology evolution of one-patch silica/PS NPs 
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Perylene bisimides (PDIs) are synthesized from perylene tetracarboxylic acid dianhydride through 
an imidation reaction with primary amines.  This allows the formation of a big variety of mesogens 
with outstanding properties as n-type semiconductors, fluorophores and building blocks for the 
preparation of advanced materials [1].  

We have synthetized cationic and nonionic PEGylated perylene bisimides with varying PEG 
chain length [2].  

The hydrophilic groups impart solubility and capacity to self-assemble in water to the 
polyaromatic perylene cores, inducing the formation of molecular stacks. The diluted solutions of 
the PEGylated perylene bisimides show interesting optical absorption and fluorescence properties, 
such as solvatochromism and concentration-dependent emission; they also show surface activity and 
lowest critical solution temperature (LCST) phenomena in the presence of salts. Similar to 
surfactants, the LCST increases with the PEG chain length. Moreover, at high concentrations, the 
molecules produce lyotropic chromonic liquid crystals with nematic and hexagonal structures, which 
have been characterized by polarized optical microscopy and SAXS. Such mesotructures have been 
exploited successfully as templates for the preparation of hybrid silica materials with fibrillar 
morphology and embedded ordered perylene stripes that generate aligned nanopores (aprox. 1.4 nm 
in width) upon calcination. It was found that the distance between the perylene nanostripes and 
hence the pore wall thickness can be finely tuned by changing the length of the PEG chain.  

The cationic perylene bisimide also serve as template for the synthesis of nanostructured silica 
nanocomposites that have been pyrolyzed and etched to obtain carbon fibers with high surface area 
and potential applications in supercapacitors. 

Keywords: Perylene bisimide, chromonic liquid crystal, mesoporous silica, carbon nanomaterials 

 
Figure 1. General scheme for the perylene-based preparation of silica and carbon nanomaterials. 
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Wrinkles are a natural effect and can be observed in the macroscopic scale in folded mountains 
or in the microscopic scale on human skin or plant surfaces. The formation of wrinkles is based 
on the mechanical mismatch of a stiff hard layer on top of an elastomeric material. In-plane 
strain conditions lead to well-ordered periodic deformation, whose characteristic wavelength 
and amplitude depend on the mechanical properties of the stiff layer and the elastomeric ma-
terial. (Glatz, Tebbe et al. 2015, Glatz and Fery 2018) We demonstrate a novel approach for 
controlling this line defect formation in microscopic wrinkling structures by patterned plasma 
treatment of elastomeric surfaces. (Knapp, Nebel et al. 2021) The wrinkling wavelength can 
be regulated via the treatment time and choice of plasma process gases (e.g. H2, N2). Sequen-
tial masking allows for changing these parameters on micron-scale dimensions. Thus, abrupt 
changes of the wrinkling wavelength become feasible and result in line defects located at the 
boundary zone between areas of different wavelengths. The approach allows for the first time 
the realization of a dramatic wavelength change up to a factor of 7 to control the location of 
the branching zone. (see Figure 1) This allows structures with a fixed but also with a strictly 
alternating branching behavior. The morphology inside the branching zone is compared with 
finite element methods and shows semi-quantitative agreement. Thus, our finding opens new 
perspectives for ‘‘programming’’ hierarchical wrinkling patterns with potential applications in 
optics, tribology, and biomimetic structuring of surfaces

Figure 1: Detailed view and perspectives of a winkling pattern with a branching 
degree up to seven produced with a combination of process gases N2 and H2

Keywords: Wrinkling, hierarchical structures, line defects
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     We developed a new unique amphoteric monodisperse colloid with a large complex internal structure, 
in which silica surfaces are bridged by an organic crosslinker. The rational was that such colloids would be 
excellent adsorbents for cationic and anionic dyes and when doped with noble metal nanoparticles, would be 
an excellent catalyst for the reduction of a variety of organic compounds.
      As silica, we used dendritic fibrous nanostructured colloidal silica (DFNS). As crosslinker, we used DAB-
CO-S (silanated DABCO). DABCO (1,4-diazabicyclo[2.2.2]octane), an organic catalyst and a cation in certain 
ionic liquids, can react with 3chloropropyltriethoxy-silane to form the crosslinker. DABCO-S bridges were 
introduced into DFNS under open vessel reflux conditions. We refer to the product obtained by incorporating 
DABCO-S in DFNS as DDS. In-situ incorporation of silver nanoparticles resulted in DDS-Ag.
     We found that DDS consists of well-dispersed colloidal particles with a diameter in the range 250-300 nm, 
see Figure 1. Because of the anionic nature of silica and the cationic nature of the crosslinker, DDS colloids 
are amphoteric. BET analysis showed that DDS has a high internal surface area of about 807 m2 g-1, a large 
pore volume of 1.9 cm3 g-1, and a bimodal pore size distribution with small pores of 2.5 nm and large ones of 
30 nm. From TGA and from the observed stoichiometry of anionic dye adsorption, we conclude that about 
60% of DDS consists of organic material. FTIR and NMR shows that the organic crosslinkers are covalently 
bound to silica. Electron microscopy and XRD data showed that silver nanoparticles with a size of 10-20 nm 
were homogeneously incorporated in DDS-Ag.
     Dye adsorption data show that DDS can adsorb positive and negative dyes such as methylene blue (MB), 
orange II sodium salt (OR) and procion red mx-58 (PR) with a capacity of 678, 3192 and 3190 mg dye/g ad-
sorbent. The anionic dye adsorption process is an ion-exchange mechanism, whereas the positive dyes are 
physisorbed. TLC data showed that DDS-Ag is an efficient catalyst for the reduction of nitro aromatic com-
pounds in aqueous media.

We can conclude that DDS is a unique colloid which has a large potential for technological applications 
such as wastewater remediation and as a catalyst for green organic reactions in water.

Keywords: amphoteric colloid; dye adsorption; catalyst; porosity; silver nanoparticles

       Figure 1. Electron micrographs of DDS (left) and DDS-Ag (right)
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Metallic nanoparticles of various shapes and sizes can be synthesized through a diversity of bottom-
up pathways. Typically, metal salts are reduced in solution, which triggers precipitation and yields 
metastable nanoparticles in the presence of an interfacial stabilizer. Varying composition, by 
adjusting concentrations or adding/replacing species, is the predominant strategy to tune 
nanoparticles structures.  

However, controlling time down to the onset of precipitation, nucleation, has not been 
systematically attempted to control nanoparticles syntheses. Here, we present a millifluidic 
continuous flow approach that allows multi-step additions down to a millisecond time-resolution. 
We investigated the synthesis of silver nanoplates stabilized by a polymer, PVP, that is often used to 
obtain anisotropic nanoparticles.  

We show that synthesis pathways differing only in the order of sub-second additions lead to 
drastically different synthetic outcomes. Silver nanoparticles of different shapes and sizes, displaying 
an array of plasmonic colours, are synthesised at the same final composition by tuning the 
composition pathways along time. Our results unlock a previously inaccessible portion of the space 
of parameters, which will lead to an enhanced structural diversity, control and understanding of 
nanoparticles synthesised in solution.  
 
Keywords: nanoparticles, continuous flow, multi-step, millifluidics, silver, anisotropy 
 

 
Figure 1. (A) Seven synthetic pathways differing only by the sub-second sequencing of reagents additions. Silver ions 
are reduced by NaBH4 and ascorbic acid in the presence of a polymeric stabilizer, PVP, in acidic conditions provided 

by large concentrations of acetic acid. The final composition in all reagents is the same for all seven pathways. A three-
mixer scheme is used and each round symbol along a given pathway corresponds to a mixer (B) Pictures of the 

resulting seven nanoparticles dispersions, which cover the whole visible spectrum. 
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The development of aqueous-based liquid pharmaceutical formulations that can carry/deliver 
hydrophobic compounds is essential to ensure that all age groups can access safe and accurate dosage 
forms tailored to their needs [1]. Lipid-based colloidal carriers, such as solid lipid nanoparticles 
(SLNs) and nanostructured lipid carriers (NLCs), have been shown to exhibit tuneable properties 
that can be utilised to provide stability to o/w emulsions, while in tandem enabling the segregated 
co-encapsulation (Figure 1) and co-delivery of hydrophobic actives [2].  

However, in order to harness the functionality of such carriers, careful choice of their 
components and preparation method are important. In this study, SLNs and NLCs in the form of 
aqueous dispersions, were prepared using different formulation parameters (i.e. lipids, solid-to-
liquid lipid mass ratios, surfactant type/percentage) via a melt-emulsification-ultrasound method 
[3]. Preliminary lipid screening studies, focused on creating a suitable lipid host matrix of 
appropriate dimensions that could enable high encapsulation efficiency (EE) and loading capacity 
(LC) for curcumin; chosen as the model hydrophobic active. Lipid particles with sizes in the 100-
200 nm range and EE and LC values as high as 99% and 5% (respectively), were achieved by tuning 
process and formulation parameters. The polymorphism/crystallinity of the fabricated colloidal lipid 
particles were shown to be influenced by liquid lipid or secondary solid lipid addition in the lipid 
matrix. 

The formulation characteristics were shown to greatly impact the obtained release profiles of 
the encapsulated model hydrophobic active, the proposed mechanism of which will be discussed. 
Further development of this work will aim to explore how these systems, being able to deliver actives 
with varying release profiles, could be further utilised to enable the creation of a single liquid 
formulation suitable for the delivery of multiple actives. 
 
Keywords: lipid nanoparticles; hydrophobic active; crystallinity; tailored release profiles. 
 

 
Figure 1. Segregated co-encapsulation of two hydrophobic actives in SLN/NLC-stabilised o/w Pickering emulsions.  
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For years scientists have been exploring the design of particles that can self-assemble into 
complex superstructures. Such colloidal assemblies can serve as photonic sensors or model systems 
to understand molecular processes [1]. Taking inspiration from atoms, where valence directs the 
assembly of well-defined molecules, we expect that anisotropic colloids that can interact directionally 
will broaden the diversity of colloidal assemblies accessible. This concept is known as patchy 
particles [2]. Unlike isotropic colloids which mostly yield compact assemblies, patchy particles can 
direct the formation of new architectures controlled by the physical and chemical interactions 
between their patches. Several studies validated this concept showing that patchy particles yield new 
colloidal assemblies [3]. Despite considerable work on the synthesis of patchy colloids, the rational 
design of particles with multiple addressable patches remains elusive.  

We present here a new route to design complex particles with multiple addressable patches, 
using DNA coated colloids and strand displacement reaction [4]. The synthesis of colloidal particles 
and their grafting using different single-stranded DNA sequences will be first presented. We will then 
describe their subsequent functionalization using fluorescent oligomers and their assembly using 
DNA linkers complementary to the grafted DNA sequences (Fig. 1 A,B). The key process relies on 
strand displacement reactions to transfer information only at the contact point between two 
particles. Strand displacement reaction consists in the replacement of one strand of a duplex by an 
“eject” strand of higher stability at room temperature. This process is highly specific and can be 
programmed independently to create multiple addressable patches. Proof-of-concept experiments 
showing the formation of particles with one patch (Fig. 1 C) as well as dissimilar patches will be 
described (Fig.1 D). These results open the way to the synthesis of custom patchy particles in bulk. 

 
 

Keywords: DNA, programmable assembly, stamping, patchy.  
 

 
 
 
 
 

 
 
 
 

Figure 1. Confocal fluorescence microscopy images of clusters of (A) two and (B) three types of DNA-coated particles 
and of the obtained particles with (C) one patch and (D) two patches after strand displacement. 

 
References 
[1] R. Mérindol, E. Duguet and S. Ravaine, Chemistry – An Asian Journal, 2019, 14, 3232-3239.  
[2] S. Ravaine and E. Duguet, Current Opinion in Colloid & Interface Science, 2017, 30, 45-53. 
[3] M. He, J. Gales, E. Ducrot, Z. Gong, G. Yi, S. Sacanna and D. Pine, Nature, 2020, 585, 524-529.  
[4] D. Zhang and G. Seelig, Nature Chemistry, 2011, 3, 103-113. 

62



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

OP1.8
 

 
 Design of fluorine-doped ZnO nanoparticles with tunable properties 

as nano-bio-interfaces for optical biosensing 
 

Giuseppe Vitiello,1,2 Noemi Gallucci,2,3 Giulio Pota, 1 Rocco Di Girolamo,2 Eugénie Martinez,4 
Romualdo Troisi,2 Gustavo Cernera,5 Felice Amato,5 Filomena Sica,2 Luigi Paduano 2,3 

 
1Department of Chemical, Materials and Production Engineering, University Federico II, Italy 

2CSGI - Center for Colloid and Surface Science, Italy 
3Department of Chemical Sciences, University of Naples Federico II, Naples, Italy 

4University of Grenoble Alpes, CEA, LETI, F-38000 Grenoble, France. 
5Department of Molecular Medicine and Medical Biotechnology, University of Naples 

Federico II, Naples, Italy 

Presenting author e-mail: giuseppe.vitiello@unina.it 
 

Zinc oxide (ZnO) is a versatile semiconductor extensively used in different applications, such as solar cells, 
thin film transistors, optical and electrical biosensors, thanks to its large bandgap (3.3 eV), visible light 
transparency, availability, and multiple techniques for thin film deposition.[1] Wet-chemistry synthesis is 
considered the most convenient route, because of its low cost and environmental friendliness, and the most 
advantageous for chemical versatility to design ZnO nanostructured materials with tuned structural properties.  

Different kinds of doping were applied to zinc oxide, aiming at improving physico-chemical properties but 
preserving its transparency. Interesting results were obtained doping ZnO with fluorine (F) atoms, expected to 
occupy oxygen vacancies, which are the most effective defects in ZnO. [2,3]  F-doping lead to an increase in the 
photoluminescence properties, making it a good candidate for optical bio-sensing applications.[4]  

In this context, we recently designed and prepared F-doped ZnO nanoparticles with different F amounts 
(from 0 to 20 atomic %) by using ammonium hydrogen fluoride (NH4FHF) as fluorinating doping agent and 
under different synthesis conditions. A wide physico-chemical investigation revealed that F at. % as well as 
synthesis settings lead to nanostructures with different size (from 5 to 100 nm), morphological, structural and, 
in particular, optical properties, such as UV-vis absorption and fluorescence emission. Undoped and F-doped 
ZnO nanoparticles with enhanced fluorescence properties were also finely deposited on substrates through 
spin-coating method. This lead to realize nano-bio-interfaces then functionalized with a novel selective 
aptamer (LA27), recently identified as high-affinity receptor towards lipopolysaccharides (LPS) of Gram(-) 
bacteria, thus proposing as an effective biomolecule for endotoxin recognition.  
 
Keywords: zinc-oxide; nanoparticles; oxygen vacancies; optical features; nano-bio-interfaces; biosensors. 
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Figure 1: TEM images of F-doped zinc oxide nanoparticles with enhanced fluorescence and obtained through different synthesis.  
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To control the release of proteins these can be incapsulated in drug delivery systems preferentially 
made of natural polymers, such as starch. The encapsulation capacity and controlled release from 
such delivery systems can be tuned by modifying physical and chemical properties of the carriers, 
including size, porosity as well as degree of cross-linking, which prevents separation of individual 
polysaccharide chains while at the same time allows flexibility for the chains to re-arrange upon 
interaction with water. In this work, porosity in dry starch microspheres as well as hydration induced 
pore transformations were characterized by SAXS, sorption calorimetry, scanning electron and light 
microscopies, thermogravimetric analysis, nitrogen sorption and helium-pycnometry. 

Results showed that dry microspheres are comprised of porous cores with pores <100 nm in 
diameters and shells which appear to be more dense but containing wider pores (100-300 nm). The 
outer crust of the microsphere shell was non-porous (SEM insert, Figure 1), which restricted 
diffusion of N2, water and ethanol. 

Partial hydration (12 wt%) triggered collapse of dry porosity, which in SAXS is reflected as two 
order of magnitude drop in scattering intensity, Figure 1. Further increase in hydration promoted 
wet porosity, in SAXS seen as intensity increase within the q range of 0.01-0.2 Å-1. Unlike in dry state 
where porosity is represented by well defined cylindrical pores, in wet state porosity is related to 
characteristic distance between polymer chains which may be tuned by degree of cross-linking and 
hydration level which is essential for controlled protein encapsulation and release. 
 
Keywords: Degradable starch microspheres, dry and wet porosity, cross-linking 
 

 
Figure 1. Small angle X-ray scattering from dry and hydrated starch microspheres. The SEM image corresponds to a 

porous sample. 
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Quantum dots (QDs) are semiconductor particles of nanometer size that exhibit unique 
optoelectronic properties due to quantum confinement effects. These arise from their small 
dimensions, and makes them of high interest for numerous application areas, ranging from 
bioimaging to LED displays. The majority of current QDs are based on hazardous and toxic cadmium 
compounds, while the latest developments aim at safer QD alternatives, based on Indium and other 
elements from the III-V group of the periodic table [1]. A major problem for the new generation of 
QDs is their overall photothermal stability under environmental influences, in particular of oxygen. 
One design path of achieving stability is through encapsulation in suitable polymer matrices [2].  

The focus of this paper is therefore on the production of photothermally stable QDs by 
encapsulation in polymer particles while retaining the possibility for a further solution-based 
processing. For this, a droplet-based microfluidic approach in the co-flow regime was used that 
consists of an oil-in-water (O/W) system in a glass capillary environment with a glass delay channel. 
The oil phase, consisting of the monomers lauryl methacrylate (LMA) and ethylene glycol 
dimethacrylate (EGDMA) with InP/ZnSe/ZnS QDs, acts as the inner phase within the outer aqueous 
phase of distilled water with the surfactant TWEEN 20 and glycerol. The monomer droplets, 
generated with a combined cross-junction flow and metal capillary insert in a glass capillary, are 
polymerized into p(LMA-co-EGDMA) particles with embedded QDs in-flow in a specifically 
designed delay channel using localized UV initiation of the reaction. We demonstrate how a 
successful droplet generation and particle formation could be achieved to produce encapsulated QDs 
that showed improved photothermal stability in comparison to the original non-protected QDs. 
 
Keywords: quantum dots, polymer particle formation, encapsulation, photopolymerization, 
droplet-based microfluidics 

 
 
 

 

 
 
Figure 1.  Monomer droplets in the delay 
channel (top), embedded InP/ZnSe/ZnS QDs 
(left), the surface morphology of the particles 
(right) 
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The unique properties of graphene make it an ideal support for biomolecule immobilization [1]. 
Exfoliation of graphite to pristine graphene utilizing organic solvents, ionic liquids, or surfactants, 
has been widely applied, however the biocompatibility of the final product, quality, cost, and 
ecological effects of the manufacturing processes have yet to be addressed [2].  

In this work, we present a green, simple and cost-effective exfoliation method for the 
preparation of few-layered bio-graphene (bG) in aqueous phase, for the immobilization of enzymes 
with biotechnological interest. Mechanical force via ultrasonication was used to exfoliate the 
graphite flakes into few-layered bG. Bovine serum albumin (BSA) was intercalated between graphite 
flakes to stabilize the layers and prevent them from restacking. The quality of bG was detected by 
Raman spectroscopy and Atomic Force Microscopy (AFM).  

This top-down technique provided bG with functional groups making it suitable for enzyme 
immobilization. Glucose oxidase (GOx), horseradish peroxidase (HRP) and beta-glucosidase (bgl), 
were immobilized on bG and were tested for their catalytic activity, stability and. Moreover, for the 
first time, GOx, HRP and bgl were co-immobilized on bG leading to the development of multi-
enzymatic nanobiocatalytic systems that were successfully applied to cascade reactions. The cascade 
bioconversion of glucose by the tri-enzymatic-bG system could offer the potential use in the 
development of innovative glucose biosensors. 
 
 
Keywords: biographene; green exfoliation; immobilization; cascade reaction; glucose biosensor 
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The hydrogel-based biomaterials with cell-binding sites, tunable mechanical properties and com-
plex architectures have emerged as a powerful tool to control cell adhesion and proliferation for 
tissue engineering. One of the effective functional additive are the bioceramic colloidal containers 
harboring alkaline phosphatase. In our work we developed such composites via encapsulation of 
this enzyme by its immobilization into CaCO3-based bioceramic in combination with a hydrogel 
assembly technique and subsequent gelification. A refined way of synthesis and modification allows 
preparing the enzyme delivery system with functionalized protection layers. Loading efficiency and 
loading capacity are investigated depending on particle size, time of enzyme loading, and various 
container compositions and enzyme concentrations. Our results reveal that the size of particles in-
fluences their morphology and this, in turn, affects the activity of the encapsulated enzymes. [1].

To demonstrate that the incorporation of the ceramic into the hydrogels could be used for 
bone tissue regeneration, we have designed new osteoinductive gellan gum hydrogels by a thermal 
annealing approach and consequently functionalized them with Ca/Mg carbonates submicron par-
ticles. Determination of key parameters, which influence a successful hydroxyapatite generation, 
were done via the principal component analysis of 18 parameters (like particles size, composition 
etc). [2] The presence of therapeutic effect on osteoblastic cells coupled with a relatively high load-
ing capacity, biocompatibility, and ease of fabrication suggests that the developed carriers are prom-
ising candidates for efficient drug delivery, especially in the field of bone reconstruction.

Figure 1 Schematic of the functional colloids preparation and their application

Keywords: ALP, hydrogel, tissue engineering, encapsulation, enzyme, calcium carbonate
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In the current context of environmental concerns, growing efforts are constantly dedicated to the 
development of new strategies in which the sustainability plays the role of fundamental pillar. One 
main objective is represented by the creation of more sustainable industrial production cycles. It is 
not surprising that heterogenous catalysts play a significant role in this transition, mainly due to the 
possibility of recycling them in multiple cycles. In the large family of heterogenous catalysts, the class 
of mesoporous silica-based nanostructures open the door to a plethora of applications. The chemical 
and physical stability, the mild conditions of synthesis or the possibility to functionalize them, allow 
designing materials responding to a wide range of needs.  
 In this work, we combined the innovative morphology of hollow silica nanotubes with the 
intrinsic properties of hafnium atoms to design, in a straightforward one-pot procedure, an acid 
catalyst able to valorise the biodiesel by-product – glycerol – into solketal (Figure 1). [1,2] The 
presence of Hf as single site allows generating acid sites which are the catalytically active species for 
the target reaction. The influence of various synthesis parameters as nature of the metallic precursor 
or base concentration, were studied to achieve the isomorphic substitution of Si with Hf. Through 
extensive characterization via inter alia HR-TEM or XPS, we evidenced the considerable impact of 
the studied parameters on hafnium insertion. All our Hf-doped silica nanotubes were tested in the 
acetalization of glycerol, at low temperature and in solvent-free conditions. The evolution of the 
turnover frequencies was highly related to the proper insertion of Hf in the nanotubes. Our best 
catalyst showed excellent catalytic performances compared to M-silicates reported in literature. 
Moreover, it was proven to be stable but also recyclable thanks to a simple one-step reactivation 
procedure.  
 
Keywords: nanoparticles, heterogeneous catalysis, nanotubes, glycerol valorisation 
 

 
Figure 1. Hafnium-doped silica nanotubes catalysing the conversion of glycerol into solketal 
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In the field of green chemistry processes, acid catalysis plays a pivotal role. In this context, the great 
potential brought by the use of heterogeneous catalysts and, in particular, silica based porous 
materials bearing trivalent elements inserted as single site, are no longer to be proven. However, to 
reach completely sustainable processes, a rethinking of the synthesis procedure with an optimization 
of various parameters could be considered. For instance, to minimize the environmental impact, the 
temperature and/or the reaction time can be drastically decreased. [1] Herein, the preparation of 
nanosized (<100 nm) silica spheres bearing gallium inserted as single site (NS) is presented. The 
benefits of these types of nanoparticles are numerous and various and particularly in catalysis as 
they display an improved diffusivity and therefore a higher catalytic activity.  

The optimization of the synthesis conditions of the gallosilicate nanospheres was performed. 
Both Brønsted and Lewis acidity are introduced via the isomorphic substitution of silicon with Ga. It 
is known that both Brønsted and Lewis acid sites are highly beneficial for the targeted reaction 
(acetylation of glycerol with acetone).[2,3] The influence of the Ga loading was assessed by 
combining catalytic activity with the information coming from different advanced characterization 
techniques (e.g. IR of probe molecules, 71Ga MAS NMR (Fig. 1-a)). To push further the sustainability 
of the process, the activity of the materials in presence of the main impurities of crude glycerol was 
assessed (Fig. 1-b). The solids display excellent catalytic performance also under these more 
challenging conditions. The activity was further enhanced via functionalization of the surface with 
fluorine moieties (Fig 1-c).  
 
Keywords: silica nanospheres, heterogeneous catalysis, acid catalysis, glycerol conversion 

   
(a) (b) (c) 

Figure 1 : a-Direct excitation 71Ga MAS NMR spectra of 3 Ga-SiO2 NS with different Si/Ga ratio, b-Kinetic study of the 
production of solketal and c-Effect of the functionalization in pure and simulated crude glycerol composition 
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Cellulose nanocrystals (CNC) are biorenewable particles of rising interest for the stabilization of 
Pickering emulsions. They are commonly extracted from cellulose substrates, and are needle-shaped 
nanoparticles (150-200 nm in length, 5-20 nm in width)[1]. In the present work, direct, inverted and 
double Pickering emulsions were stabilized using surface modified CNC. Taking advantage of this 
modification, the stabilized emulsions were further polymerized by whether free or controlled radical 
polymerization leading to objects with a very broad range of morphologies depending on the 
polymerized phase and initiation locus. 

The focus was brought on inverse emulsions because very little study was conducted on such 
systems [2], as they require modification of the CNC. Solid foams were obtained when the 
polymerization was conducted into the continuous phase [3], and suspension polymerization of 
water-in-oil emulsions lead to either full beads or empty capsules. 

Likewise, elaboration of a new type of capsules (hollow/porous microcapsules) was 
investigated, by using double emulsions as template and polymerizing their intermediate phase 
(Figure 1). The benefits of this strategy are that the polymerization only occurs in the intermediate 
phase and therefore does not interfere with the encapsulated compounds. Moreover, the 3D network 
produced from this polymerization will act as a barrier for diffusion-controlled release. So far, the 
objects showed good encapsulation efficiency over time (up to 5 months), and mechanical 
reinforcement induced by the CNC, which might influence the release of actives under the capsule 
compression, is under investigation. 
 

 
Figure 1. CNC-stabilized Pickering double emulsions, a) before and b) after polymerization, c) encapsulating both 

hydrophilic and lipophilic dyes.   

 
Keywords: Cellulose nanocrystals, Pickering emulsion, Double emulsion, Capsules. 
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Poly(melamine-co-formaldehyde) (PMF) received increasing attention due to its high amount of 
nitrogen functionalities and therefore interesting surface properties. PMF has been investigated for 
several applications, e.g. catalysis [1,2], CO2 capture [3], and adsorption of pollutants like heavy 
metal ions [4]. For all before-mentioned applications, a suitable pore structure is needed, to ensure 
ideal diffusion properties, as well as an appropriate surface morphology and a high specific surface 
area. However, as the PMF resin is not exhibiting any intrinsic porosity, templating approaches for 
the pore formation are necessary. Using a dispersion polymerization with silica nanoparticles in 
water, mesoporous PMF particles with high specific surface areas can be obtained [5,6]. By 
variation of synthesis parameters such as dispersant amount, monomer ratio or template amount, 
the properties of the prepared particles can be modified.  
 The PMF particles were analyzed with electron microscopy (i.e. SEM and TEM), nitrogen 
sorption (BET) and charge density measurement. In batch adsorption experiments, a potential 
application for the removal of oxyanions and heavy metal ions was tested and the corresponding 
adsorption mechanism was investigated. PMF featured promising pore structures and adsorption 
properties for water treatment applications.  
 
Keywords: poly(melamine-co-formaldehyde), hard templating, water treatment, adsorption. 
 

 
Figure 1. TEM image from PMF/silica hybrid particle (left-hand-side) and from pure PMF particle after template 

removal (right-hand-side). 
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Pullulan, an exopolysaccharide consisting of maltotriose repeating units, has recently found many 
applications in different fields, such as food, packaging, cosmetics and pharmaceuticals [1]. The 
introduction of photo-crosslinkable methacrylic units potentially allows for using pullulan 
derivatives in additive manufacturing processes, such as visible stereolithography (SL), two photon 
lithography (TPL) [2] and inkjet 3D printing [3].  

We prepared a methacrylate pullulan derivative that was characterized by NMR, FT-IR and 
Raman spectroscopy to assess the introduction of the new functionalities and the photo-
crosslinkability. Water dispersions were thoroughly investigated by phase-contrast optical 
microscopy and Small Angle X-Rays Scattering (SAXS) to evaluate the self-assembly properties. The 
introduction of methacrylic groups moderately affects the self-assembly of the polymer in water, 
resulting in a slight increase of the gyration radius of the polymer coils and in a small decrease of the 
viscosity, retaining the typical shear-thinning behavior of concentrated polysaccharides in water. 
The rheological properties were studied in view of using the aqueous dispersions as inks for 3D 
printing, also in comparison with pristine pullulan. The structural and mechanical properties of the 
3D printed films were studied by Atomic Force Microscopy (AFM) and tensile strength tests, showing 
the presence of sub-micrometric phase segregated domains which are further separated by the cross-
linking. As a result, the deformability of the materials is improved, with a lower tensile strength, 
most reasonably due to the spatial concentration of methacrylic units along the polysaccharide 
backbone.  
Keywords: Pullulan, Photo-activated cross-linking, Printing, Rheology, Mechanical properties 
 

 
 

Figure 1. AFM images of Pul (left), Pul-Ma (center) and Pul-MaUV (right) 3d printed films. 
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Rod-like anisotropic particles have attracted great scientific interest, due to their unique 
characteristics, compared to their spherical counterparts, which constitute them interesting 
systems for rheological studies and promising candidates for use in household, food, energy, 
delivery and environmental applications [1-3]. In the present study, we investigate two different 
core-shell and hollow particle systems, based on silica microrods with a high aspect ratio.  

First, in-house synthesized silica rods [4] were surface grafted with well-defined, amphiphilic 
diblock copolymer brushes grown by atom transfer radical polymerization (ATRP) [5-6]. 
Poly(methyl methacrylate) (PMMA) was chosen as the hydrophobic first block, to prevent the 
degrafting of the polymer chains from the inorganic silica surface in aqueous media, followed by 
chain-extension with the pH- and temperature-responsive poly(2-(dimethylamino) ethyl 
methacrylate) (PDMAEMA). The rheological properties and the temperature-responsive behavior 
of the core-shell rods were investigated, while hollow polymer microrods, that retained their shape, 
were also accessed following the removal of the inorganic core. 

In the second part of this work, a TiO2 layer was coated onto the surface of the silica rods, by 
a well-controlled, surfactant induced precipitation process [7-8]. The coating mechanism was 
optimized to eliminate side nucleation in solution and to yield a uniform TiO2 layer with tunable 
thickness. Finally, the silica cores were etched to successfully obtain deformable, amorphous or 
robust, crystalline hollow TiO2 rods. 

The proposed anisotropic core-shell and hollow colloidal particles can be widely utilized in 
switchable anisotropic colloidal phases, in energy applications (solar cells, photocatalysis and 
energy storage) and in the controlled release of active compounds encapsulated in the lumen of the 
hollow rods. 
  
 
Keywords: Silica rods; Hollow polymer rods; Block copolymer brushes; Hollow TiO2 rods; Core-
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Ultrathin gold nanowires with a metal core diameter of 1.6 nm and a shell of oleylamine ligands form 
stable colloidal dispersions. We studied the conditions under which such wires self-assemble into 
elongated bundles. Bundling is useful for the fabrication of electronic materials, composites, and 
applications in optoelectronic devices. Dilution of the nanowire dispersions can induce bundling. We 
discuss the underlying mechanism and its entropic nature.  

The non-polar oleylamine shell of ultrathin nanowires is thick enough to prevent interactions 
between the nanowire cores, and one would expect stable dispersions in n-hexane or cyclohexane. 
Surprisingly, dilution with pure solvent destabilized such dispersion. The wires formed bundles with 
a regular, hexagonal cross-section. Molecular dynamics simulations and small-angle X-ray 
scattering show that the ligand shells of two neighboring nanowires in such bundles do not touch 
and that agglomeration is not driven by van der Waals forces. We find that bundling is entropic: 
linear solvent molecules or small amounts of unbound ligand align in direct proximity of the ligand 
shell. Nanowires can avoid the associated decrease in entropy by forming bundles and “share” 
aligned molecules.  

Thermogravimetric data indicates that this entropic mechanism is only effective if the ligand 
shell is sufficiently sparse. Dilution with pure solvent shifts the chemical equilibrium and reduces 
the ligand density, thus enabling bundling. Dilution-induced bundling of nanowires can thus be 
explained as a combined effect of ligand desorption and depletion.  
 
Keywords: gold nanowires, agglomeration, depletion force, ligands, molecular dynamics, small-
angle X-ray scattering 
 

 
Figure 1. Illustration of the proposed mechanism of nanowire bundling upon dilution. Left: Unbound ligands cannot 
interdigitate into dense ligand shells. The nanowires remain dispersed. Right: Ligands interdigitate into sparse ligand 
shells, which reduces entropy. The resulting entropic force bundles the nanowires. Reprinted with permission from [2].  
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Microfluidic platforms allow generating a highly-ordered assembly of uniform gold nanoparticles inside 
their microchannels through the pervaporation of the solvent (Figure 1A).1 Furthermore, the microfluidic 
approach enables the fabrication of uniform assemblies of any dimension or morphology studied by SAXS.

Surface-en hanced Raman spectroscopy, SERS, is an advanced analytical technique that can be used 
for the ultrasensible detection of analytes since it offers orders of magnitude increases in Raman signals. It 
occurs at the surface of a plasmon surface mainly due to the presence of strong electromagnetic fields gen-
erated after the plasmon excitation. Moreover, this effect could be more intense in the case of hierarchical 
nanoparticles assemblies due to an antenna effect as demonstrated by recent simulations.2

While the plasmonic substrates made by drop-casting show poor uniformity that limits their potential 
plasmonic applications, the microfluidic approach gives rise to platforms with highly uniform and intense 
SERS activity (being both key parameter to achieve quantitative analysis and low detection limits (LOD). 
Herein we will show the fabrication and characterization of plasmonic platforms fabricated using Au octa-
hedral nanoparticles synthesized through a wet chemical method. Besides, the sensing capabilities of the 
platforms will be analyzed by investigating the SERS efficiency using different Raman active analytes. For 
instance, experiment performed with Crystal Violet showed a LOD of 100 zM, which is several orders of mag-
nitude lower than those found in the literature. Additionally, by assembling a 3D silica supercrystal before 
the 3D plasmonic supercrystal we demonstrated its potential applicability as microfluidic liquid chromatog-
raphy-chip with SERS-based sensing capabilities.3

Figure 1: (A) Schematic illustration of the evaporated microfluidic system used for self-as-
sembled 

Au nanoparticles. (B) Raman optical image and SERS spectra and mapping in the presence 
of a mixture of 10-7 M of each analyte.
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Graphitic carbon nitride (g-CN) is a polymeric semiconductor possessing striking properties such 
as being metal-free, active in visible light range and synthesis from nitrogen-rich and abundant precur-
sors such as melamine. Thermal polymerization around 550 °C yields aromatic polymer composed of 
repeating triazine (or tri-s-triazine) units, and properties of g-CN such as absorption, bandgap, surface 
charge and photoluminescence can be tuned via pre or post modification approaches. Compared to 
traditional semiconductors such as Si, TiO2, CdS or perovskites; g-CN can easily tackle sustainability 
problems (much cheaper in addition) and its tunability endows a large class of materials with variety 
of properties specifically tailored for target applications. However non-processability (together with 
high recombination rates and low conductivity) is the major drawback as dominant π-π interactions 
between g-CN sheets lead to non-dispersibility.

Combination of polymers and g-CN is a promising avenue for next-generation materials. To over-
come dispersibility problems of g-CN and introducing novel functionalities to polymers by g-CN incorpo-
ration would be highly desired, which we orient our research around this phenomenon. For the first time, 
we have shown electrostatic stabilization of g-CN sheets in organic media via charge delocalization, which 
allows printing and transparent coatings [1]. Formulation for stable aqueous dispersions provide g-CN 
based photoactive coatings [2]. Utilizing organodispersible g-CN in microfluidics grants stable emulsions, 
double emulsions and hollow polymer spheres with continous and precise production [3].

Keywords: Photochemistry, Polymers, Colloids, Emulsions, Double Emulsions
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The fabrication of polyfunctional coatings for magnesium alloys is in demand for various industrial 
and biomedical applications. In this regard, one of the most promising approaches is based on 
exploiting the superhydrophobic state which may be used for both controlling the wetting behavior 
of the surfaces and imparting additional protective properties such as high corrosion resistance or 
ice-phobicity. Among a wide range of methods that can be used to achieve the superhydrophobicity 
on top of magnesium alloy, the IR nanosecond laser modification stands out due to its ability to 
ensure developed morphology while controlling the chemical and phase composition of the relatively 
thick surface layer. In turn, it allows to controllably vary auxiliary functional properties such as high 
mechanical or/and corrosion protective strength.  
 In this study, we show that nanosecond laser processing with specific laser parameters and 
beam movement pattern followed by the chemisorption of a hydrophobic agent onto the magnesium 
oxide layer is a simple, convenient, and easily reproducible method for obtaining superhydrophobic 
surfaces on magnesium alloys with contact angles higher than 170° and roll-off angles less than 3°. 
The analysis of the effects related to heating during laser processing of magnesium materials, which 
may cause the development of internal stresses and the formation of cracks and pores within the 
oxide layer, as well as the impact of those effects on the protective properties, will be presented. 
Evolution of contact angle and surface tension of water droplet under prolonged contact with 
magnesium surface which causes a notable change in pH will be investigated. The mechanisms of 
corrosion protection of the superhydrophobic state on magnesium will be discussed. 
 
 
Keywords: superhydrophobicity, magnesium alloys, corrosion resistance, nanosecond laser 
treatment 
 
 

 
Acknowledgements: This work is supported by Russian Federation President’ grant for young 
research groups MK-2124.2021.1.3. 
 

77



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

OP1.23
 

 
Elaboration and characterization of aqueous colloidal suspensions 

of C60 fullerene stabilized by an amphiphilic copolymer 
 
Théo Merland 1,2, Taco Nicolai 1, Lazhar Benyahia 1, Stéphanie Legoupy 2 and Christophe 

Chassenieux 1 
 

1 IMMM, UMR CNRS 6283, Le Mans Université 
2 MOLTECH-Anjou, UMR CNRS 6200, Université d’Angers 

 
Presenting author e-mail: theo.merland@univ-lemans.fr 

 
 

Since the end of last century, fullerenes (C60) have been widely studied for their potential applications 
in biomedicine [1] and energy [2]. However, their dispersion in water is difficult even if it can be 
improved by nanoprecipitation [3] or miniemulsion [4] dispersion processes. Stable dispersions at 
high concentrations (on a grams per liter scale) often require the use of a surfactant or chemical 
modification in order to obtain stable colloidal particles in the form of aggregated fullerenes.  
We propose to use an amphiphilic copolymer instead of a molecular surfactant (Fig.1) in order to 
promote attractive interaction between the polymer and the fullerenes (hydrophobic, π-stacking). 
To produce these colloidal suspensions, we formed an oil-in-water emulsion using ultrasound with 
the fullerene located within the oil droplets and the polymer in the water phase and at the interface. 
Subsequently, the oil was evaporated. Emulsion formulation gave access to a wide range of particles 
size, morphology and concentration.  
The obtained colloidal suspensions were analyzed by UV-visible spectroscopy, cryo-transmission 
electron microscopy and light/X-Ray scattering. The final goal is to incorporate these nanoparticles 
into a hydrogel in order to obtain all-carbon nanocomposite hydrogels with new functional 
properties. 
 
 
Keywords: fullerene, amphiphilic copolymer, light scattering, hydrogels 
 
 

 
Figure 1. Structure of the amphiphilic copolymer and hydrogels with and without C60. 
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Self-assembly of colloids in ordered phases is a potentially versatile platform for the creation of new soft 
materials with original physico-chemical properties. Indeed, it has recently been recognized that colloidal 
nanocrystals represent an important class of materials for solution-processed electronic and optoelectronic 
devices. [1,2] Here, through a bottom-up approach using hydrophobically coated cerium-oxide nanoparticles 
dispersed in an aqueous solution through further coating of amphiphilic molecules, the coexistence of different 
tetrahedrally close packed structures was achieved. Among those, unusual sphere-packings, such as those 
named Frank–Kasper (F-K) phase, have been observed (figure 1). Although such structures have been observed 
in several materials from elements to intermetallics as well as self-assembled soft materials like micellar 
systems, the present case is one of the first examples of ordered phases in semiconductor nanoparticles. [1] In 
the present report the observed structures are discussed in terms of geometrical parameters including 
nanoparticles diameter, ligand length, grafting density and van der Waals attraction. In particular, the length 
of the amphiphilic molecules in the coating layer of the nanoparticles have a crucial effect in ruling the ordering 
phases. Yet, the superlattice association has a marked effect on the original physico-chemical properties of the 
nanoparticles making a remarkable change on their optical properties such as UV-vis absorption and 
fluorescence emission. Development of techniques for superlattice preparation, rationalization of phase 
behavior, and control of the assembly environment will help link fundamental research and practical 
applications, opening the door to a new generation of functional materials. 
 
Keywords: Nanocrystals; hierarchically self-assembly; colloids, cerium-oxide. 
 

 
 

Figure 1: Cryo-TEM image of superlattice cerium-oxide hydrophobically modified nanoparticles at different ratios of the density 
grafting on their surface and corresponding fluorescence emission.  
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 Aerogels have exceptionally high porosities (up to 99%), highly permeable micro- and/or 
mesoporous structures, high specific surface areas in the mesoporous region (up to 1000 m2/g), and 
low densities (below 0.1 g/cm3). Aerogels are widely used in biomedical (e.g. drug delivery, wound 
heling) or environmental engineering applications (e.g. as adsorbents). Therefore, understanding 
the mechanism of hydration of the backbone and the consequent modification of the aerogel 
structure is essential for establishing structure-properties functions relationships. The hydration of 
aerogels is usually accompanied by significant structural changes, which can cause volume 
reduction, the stiffening of the aerogel, and, in extreme cases, the collapse of the pores.  
 The wetting mechanisms of aerogels are investigated by using nuclear magnetic resonance 
(NMR) spectroscopy and small angle neutron scattering (SANS) techniques. NMR relaxometry is 
informative on the extension of the hydration sphere of the backbone. The geometry and the size of 
water droplets in the solid backbone can be measured by NMR cryoporometry. The self-diffusion 
properties of water can be measured by gradient stimulated echo (PGSTE) NMR spectroscopy, giving 
information on the permeability of the hydrated pore network. SANS experiments reveal the 
hydration induced rearrangement of the aerogel backbone and the consequent alteration of the 
fractal properties of the porous structure. [1-4]. 
 The fundamentally different hydration mechanisms of silica-gelatin and silica-casein hybrid 
aerogels are discussed. An example is also given for structural changes during the hydration of 
Ca(II)-alginate aerogel.   
   
Keywords: aerogel, hydration, NMR, SANS, structural characterization 
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Along with other transition metal oxides, Co3O4 has received increasing attention in recent years as 
a functional material based on earth-abundant elements, mainly due to its high catalytic efficiency 
and its remarkable thermal and chemical stability. In the wake of this development, mesostructures 
of Co3O4 are an emergent class of materials, which may allow tailoring the functional properties by 
designing nanoparticle-based superstructures with dedicated morphologies. [1] 

Aside from one-step reactions to create large mesoporous structures, bottom-up self-assembly 
of small nanoparticles provides a promising alternative for the controlled construction of mesoscopic 
structures. While extensive research in this field has been conducted with oleic acid capped iron 
oxide particles, Co3O4 nanoparticle assembly has been less extensively researched until now despite 
a growing interest in mesoscale superstructures of catalyst materials. [2-4] 

In our study, Co3O4 nanocubes were synthesized in a wet-chemical approach at ambient 
pressure and purified extensively by centrifugation. The resulting monodisperse suspensions possess 
a narrow particles size distribution which is an essential prerequisite for self-assembly studies. 

For initial experiments, particles were assembled by the slow evaporation of the solvent. 
Systematic variation of concentration and solvent composition results in the controlled growth of 
highly ordered Co3O4 mesostructures. The resulting thin films may readily cover large surface areas 
by employing a low amount of material.  Based on these promising results, our current work aims to 
direct the packing structure and mesoscale morphology of 2D and 3D assemblies to optimize the 
catalytic performance in liquid and gaseous media. 
 
Keywords: Co3O4, nanoparticles, self-assembly, mesoscale structures 
 

 
Figure 1. a) Sequential terrace growth of Co3O4 superstructures composed of one to four layers of nanocubes. b) 
Homogeneous bilayer in a body-centred cubic packing. c) Selected area electron diffraction reveals the regular packing 
of the self-assembled layers with characteristic repeat distances of 12.5 nm. 
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Titanium dioxide nanoparticles (TiO2 NPs) are among the most widely used NPs due to their 
interesting optical and catalytic properties. Most applications require their dispersion in fluid or 
solid matrixes. It is of first importance that NPs be and remain homogenously dispersed in the matrix 
to achieve optimal properties and stability. Hansen Dispersibility Parameters (HDP) [1] have been 
shown to be an effective approach for rationalizing and predicting the stability of various types of NP 
dispersions including TiO2 [1,2]. However, it is not excluded that interparticle electrostatic 
interactions, not considered in Hansen’s approach, also play a significant role, especially for organic 
solvents having a notable dielectric constant [3–5]. In this work, we discuss the respective 
contributions of DLVO and non-DLVO interactions in the stability of TiO2 P25 nanoparticles 
dispersions, with a special emphasis on the relevance of the HDP concept to rationalize non-DLVO 
interactions in organic solvents.  

For that purpose, zeta potential measurements in aqueous media and in 20 organic solvents 
are carried out to identify dispersions for which the stability can be explained by the DLVO theory 
from those for which the stability results from more specific NP-solvent interaction. These latter 
solvents are used to build the Hansen Dispersibility Sphere of TiO2 P25, presented in Fig. 1, with a 
Turbiscan as stability analyzer. This light scattering method provides detailed information regarding 
the destabilization mechanisms of dispersions i.e. agglomeration (shown in Fig. 2) and flocculation 
of NPs, which reflect the balance between interparticle attraction and electrostatic repulsion [6–8]. 
 
Keywords: titanium dioxide, DLVO theory, Hansen parameters, Turbiscan. 
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Fig. 2. Transmitted light monitoring showing TiO2 coagulation. Fig. 1. TiO2 P25 Hansen Dispersibility sphere 
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The domain of mesostructured materials has known an explosive growth in the past twenty 
years. The potential applications of these materials have been recognized in many domains such as 
catalysis, drug delivery[1], energy storage[2] and so on. Extending these materials to actinide oxides 
would offer potential applications in nuclear industry such as a new nuclear fuel, minor actinide 
transmutation and as model materials in confined media study. However, the synthesis of ordered 
mesoporous actinide oxides with an easy, economic and safe method is still a big challenge due to 
the complexity of tetravalent actinides (An(IV)) behavior[3]. One promising way is the colloidal sol-
gel route. By controlling hydrolysis-condensation process of An(IV) coupled with surfactant as 
template, it is possible to form a hybrid ordered mesophase in the sol[4]. 
 Here, we report the preparation of mesoporous ThO2 materials by a colloidal sol-gel route 
using formic acid (FA) as complexing agent forming Th-FA hexameric complexes and a carboxylic 
surfactant (AKYPO) as template. By varying the molar ratios of the different, structured hybrid 
mesophase such as hexagonal or worm-like mesophases were formed via the interaction between 
colloidal hexamers and AKYPO. This process was characterized by Small Angle X-ray Scattering and 
Fourier-transform infrared spectroscopy. After a thermal treatment at 450 °C to remove the organic 
components, final materials with bicontinuous worm-like or nanofibers with porosity were obtained.   

These results highlight the great potential of the colloidal sol-gel route to prepare mesoporous 
actinides oxides materials. 

Keywords: Sol-gel, nanoparticle, mesoporosity, colloid, ThO2 

 
Figure 1. Schematic summary of the study of Th-AKYPO-FA system. 
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Plasmonically enhanced optical dichroism has attracted substantial interest for its application in optical 
sensing, where the interplay between chirality emanating from both molecules and plasmon-supporting 
structures has been regarded as a critical ingredient. [1,2] Here we experimentally demonstrate that suitably 
self-assembled achiral plasmonic nanostructures produce a high degree of enhancement in the optical 
dichroism of chiral molecules placed in their vicinity. Specifically, we identify near-field enhancement 
associated with plasmonic hotpots as the mechanism enabling our observation of visible-NIR circular 
dichroism emanating from small amounts of chiral molecules. Our structures consist of linear arrays of gold 
nanorods obtained by introducing chiral anionic surfactants, such as modified bile salts, to demonstrate 
selective destabilization of a cetyltrimethylammonium bromide coating layer on Au nanorods, thereby 
promoting tip-to-tip oriented assembly, as explained from basic principles of cationic and anionic surfactants 
co-assembly (figure 1). We thus introduce the use of oppositely charged chiral amphiphiles as an efficient 
method to direct hotspot-rich nanoparticle assembly for the generation of observable enhanced optical circular 
dichroism from chiral molecules. The observed self-assembly mechanism suggests that chiral analytes not 
directly interacting with the nanorod surfaces, but just able to induce tip-to-tip aggregation, can be revealed by 
a CD signature in the plasmonic region, thereby supporting potential applications in ultrasensitive analysis.   
 
Keywords: gold nanorods, plasmonic circular dichroism, bile salts, chiral plasmons, catanionic mixtures, 
plasmonic hotspot. 
 

 

 
 

Figure 1: TEM image, extinction (a) and CD (b) spectra of chiral surfactant induce gold nanorod arrays.  
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Gold nanoparticles can behave as nanosources of heat under light irradiation with a frequency close 
to the surface plasmon. This property is commercially exploited for biomedical applications[1]. Most 
of studies conducted so far have sought to maximize the heating power per nanoparticle at λ > 700 
nm by adjusting the characteristics of individual nanoparticles. As pointed by simulations [2], another 
option consists to assemble nanoparticles in colloidal oligomers. This approach could allow the use 
of small nanoparticles with small absorption cross-section but with good biodegradability compared 
to usual nanoparticles[3]. Few experimental studies were done so far in this direction due to the 
difficulty to assemble NPs using biocompatible compounds in water. 

I will present a strategy to assemble gold nanoparticles in colloidal oligomers by electrostatic 
complexation with quaternized chitosan. This method has the advantage of using biosourced 
compounds in aqueous media. First, I will describe the structure and the optical properties of the 
complexes obtained by equivolumic mixing in the different regions of the state diagram. I will show 
that neutral complexes, with the least colloidal stability, present the best optical properties with a 
plasmon peak close to 750 nm, due to a minimized interparticle distance. Then, I will show that these 
neutral complexes could be stabilized, without modification of their size and structure, by fast 
addition of polyelectrolyte chains. This method enables to rapidly produce stable suspensions of a 
few mL containing complexes. 
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Figure 1. Schematic process of gold nanoparticles assembly with quaternized chitosan chains 
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Thin films of precisely arranged metal nanostructures, also known as metasurfaces, allow arbitrary 
manipulation of light. This holds great potential for device miniaturization, towards on-chip 
spectrometers. Controlling circular light polarization requires chiral nanostructures such as 
nanobars stacked with specific handedness. Although metasurfaces produced via electron beam 
lithography show pronounced optical effects, their post-fabrication tunability remains limited. 

Here, we build on our experience in fabricating mechano-tunable 1D and 2D arrays via scalable 
colloidal assembly[1,2] to construct cross-stacked, chiral particle chains. This approach combines 
cost-efficient fabrication with strong and fully tunable circular dichroism (CD), i.e., differential 
extinction of left and right circularly polarized light. Indeed, the CD of up to 11 degrees can easily 
compete with lithographically produced structures. Moreover, reversible re-stacking and 
compression of substrates facilitates dynamic control over CD magnitude, sign, and spectral 
position. Unlike lithographic structures, our re-stackable design makes the strong superchiral fields 
in the gap region available for ultrasensitive, enantio-selective detection of chiral analytes. 
 
 
Keywords: plasmonics, chirality, mechanical tunability, colloidal assembly 
 
 

 
Figure 1. Experimental CD spectra demonstrating dynamic tunability in CD magnitude (a) and spectral position (b). 
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In nanophotonics, there is a current demand for ultrathin, flexible nanostructures that are 
simultaneously easily tunable, demonstrate a high contrast, and have a strong response in 
photoluminescent polarization. In this talk, the template‐assisted self‐assembly[1] of water‐
dispersed colloidal core–shell quantum dots into 1D light‐emitting sub‐micrometer gratings on a 
flexible substrate is demonstrated. Combining such structures with a light‐absorbing metallic 
counterpart by simple stacking at various angles results in a tunable Moiré pattern with strong 
lateral contrast (Figure 1). Furthermore, a combination with an identical emitter‐based grating 
leads to a chiroptical effect with a remarkably high degree of polarization of 0.72.[2] Such a 
structure demonstrates direct circular polarized photoluminescence, for the first time, without a 
need for an additional chiral template as an intermediary. The suggested approach allows for 
reproducible, large‐area manufacturing at reasonable costs and is of potential use for chiroptical 
sensors,[3] photonic circuit applications, or preventing counterfeit. 
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Figure 1. Interference pattern of a superimposed metal and emitter lattices at different angles of orientation. a–d) 

confocal fluorescent microscopy images at 5.3°, 16.5°, 31.4°, and 45.0° relative rotation angles, respectively, as well as 
e) the corresponding intensity profiles of the Moiré interference pattern. 
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Magnetic nanoparticles (NPs) are attracting attention because of their magnetic properties 
that change according to their size and shape. In addition, their magnetic properties are also affected 
by their interactions depending on the interparticle distances. Therefore, formation of the array 
structure based on magnetic NPs is one of the promising techniques for controlling their magnetic 
properties. However, it is still a challenging problem due to strong magnetic interaction between 
magnetic NPs. Liquid-crystalline organic dendron is one of the most representatives to show a 
thermotropic liquid-crystalline behavior by self-assembling into columnar and spherical dendrimer-
like structures. In our previous studies, we have developed the dendron-modified inorganic NPs for 
introduction of the dynamic property of dendrons into NPs [1,2]. 

In the present study, dendron-modified Fe3O4 NPs have been developed to control the array 
structure based on magnetic NPs. The schematic image of the material design is shown in Fig. 1. A 
synthetic procedure for the dendron-modified Fe3O4 NPs is as follows: Firstly, COOH-modified 
Fe3O4 NPs were synthesized by a thermal decomposition method followed by a ligand exchange 
reaction with a terminal COOH-substituted phosphonic acid. Then, an amidation reaction was 
carried out between the COOH group on the particle surface and the amino-substituted dendron. As 
Fig. 2 shows TEM images of COOH- and dendron-modified Fe3O4 NPs, the particle diameter was 
found constant as calculated to be 6.8 ± 0.6 nm with no change in their shape during the reaction. 
On the other hand, interparticle distance increased to 12.9 ± 1.0 nm from 8.7± 1.0 nm and 2D 
hexagonal array were observed after the reaction. It is indicated that the self- assembling property 
was successfully introduced into the Fe3O4 NPs. Their self-assembling behavior will be discussed. 

 
Keywords: Self-assembly, Magnetic nanoparticle, Surface modification 
 

Figure 1. Schematic illustration of dynamic control of array 
structure based on Fe3O4 NPs. 

Figure 2. TEM images of (a) COOH-modified 
and (b) dendron-modified Fe3O4 NPs.

References 
[1] K. Kanie, M. Matsubara, X. Zheng, F. Liu, G. Ungar, H. Nakamura, A. Muramatsu, J. Am. Chem. 
Soc., 134, 808 (2012).  
[2] M. Matsubara, W. Stevenson, J. Yabuki, X. Zeng, H. Dong, A. Muramatsu, G. Ungar, K. Kanie, 
Chem, 2, 860-876 (2017).  

88



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

OP1.34
 

 
 High-Speed Laser-Scanning Microscopy for Single-

Nanoparticle Tracking Velocimetry 
 

Lucas Oorlynck1, Yera Ye. Ussembayev1 and Filip Strubbe1   
 

1Department of Electronics and Information Systems, Ghent University, Tech Lane Ghent 
Science Park - Campus A 126, 9052 Ghent, Belgium 

 
lucas.oorlynck@ugent.be 

 
Nanoparticle tracking velocimetry can be used to measure the hydrodynamic size and the 
electrophoretic mobility of individual nanoparticles in polydisperse samples, by analyzing their 
Brownian motion and electrophoretic motion in an electric field as a function of time. However, 
typical particle tracking techniques use a high-speed camera limited in acquisition rate, and optical 
sensitivity by the image sensor [1].  

In this work, we present nanoparticle tracking velocimetry of fluorescently labeled 
nanoparticles in a microfluidic channel using a high-speed laser-scanning microscope, and a photon 
counter, similar to the ABEL-trap configurations [2]. 

By using an FPGA, in a synchronized way, a continuous-wave 532 nm laser is scanned over a 
grid of pixels in the focal plane using acousto-optic-deflectors while the photons emitted from the 
nanoparticle under test are detected with a photon counter (see Fig. 1a). As a result, optical images 
can be reconstructed (b), and the particle’s location can be analyzed over time (c).  

The advantage of the laser scanning system is that a higher local power density is reached to 
excite the fluorescence compared to traditional fluorescence illumination, such that smaller 
nanoparticles can be tracked at higher frame rates limited by the photon statistics of the fluorescence 
molecules and laser scanning speed. It is demonstrated how the electrophoretic mobility and 
diffusion coefficient of nanoparticles are extracted from the reconstructed images.   

 
 
Keywords: Nanoparticles, Particle Tracking, Electrophoresis, Laser Microscopy, Microfluidics 

Figure 1. a) Schematic illustration of the Scanning-Laser setup, b) Schematic representation of Laser-scanning-to-
image process, c) Kymograph of x-and y intensities of generated images. 

Acknowledgements: This work is supported by Research Foundation-Flanders (FWO) through 
the Strategic Basic Research grant 1SD0721N 
 
References 
[1] S.H. Sadek, F. Pimenta, F.T. Pinho, and M.A. Alves, Electrophoresis, 2017, 38, 1022-1037. 
[2] A.P. Fields, and A.E. Cohen, PNAS, 2011, 108 (22), 8937-8942.  

89



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

OP1.35
 

 

 

 Heads or tails:  nanostructure and molecular orientations in 
organised erucamide surface layers.  

 
Dajana Gubala 1, Meng Chen 2, Eric Robles 3 and Wuge H. Briscoe 1 

 
1School of Chemistry, University of Bristol, UK 

2Procter and Gamble Beijing Innovation Centre, China 
3Procter and Gamble Newcastle Innovation Centre, UK 

 
Presenting author e-mail: dg17803@bristol.ac.uk 

Understanding the nanostructure and nanomechanical properties of erucamide (C22H43NO) is 
important to its widespread applications (i.e. food packaging and personal care products); however, 
the molecular orientation in the outermost erucamide layer in different surface coatings remains 
unclear. Here, we have performed characterisation of erucamide nanostructure and molecular 
orientation, investigating its wettability and adhesive response as a function of concentration, 
substrate chemistry, temperature, and pH. Synchrotron X-ray reflectivity (XRR) probed the out-of-
plane structural parameters of the spin-coated erucamide layers on silica [2] and polypropylene 
(PP)-coated silica [3]. Atomic Force Microscopy (AFM) imaging revealed morphology and contact 
angle measurements informed on the wettability. Peak Force Quantitative Nanomechanical Mapping 
(QNM) established a correlation between the erucamide nanostructure with the nanomechanical 
properties [1, 2]. We will compare these results with those on synthetic fibres coated with erucamide 
via blooming from the polymer matrix [3]. Our findings add to the fundamental understanding of 
the surface properties of erucamide relevant to its widespread application as slip additives, the 
molecular mechanisms for which is still under debate. 

Keywords: Erucamide, interfacial structure, multilayers 
 

 
 

Figure 1. The schematic representation of sample preparation and results. 
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Double emulsions show great potential regarding the encapsulation of hydrophilic components in 
food, cosmetics and pharmaceuticals. Thereby, an active substance is dissolved in a water phase 
(W1), which is emulsified in the oil phase (O) protecting the active. The inner emulsion again is 
emulsified in the outer water phase (W2) for aqueous applications. Due to stability issues, only few 
products currently exist. During storage, the inner water phase and consequently the active 
ingredient is lost. 

In W1/O/W2 double emulsions, a lipophilic emulsifier stabilizes the encapsulated inner water 
droplets. A hydrophilic emulsifier prevents the coalescence of the oil droplets with each other. To 
produce double emulsions, the emulsifiers are added separately to different phases. The hydrophilic 
emulsifier dissolves in the outer water phase, the lipophilic emulsifier in the oil phase. By diffusion, 
however, the emulsifiers can distribute over time at both interfaces. This can lead to interactions 
between the emulsifiers, which can strongly decrease the stability of the double emulsion. These 
interactions are difficult to isolate and describe in double emulsions. 

In this work, the interfaces in double emulsions are investigated in simplified model systems. 
In these models, the diffusion and interaction of the emulsifiers is measured and the resulting 
stability of the emulsion is determined. With the “Diffusion and Coalescence Time Analyzer” (DCTA) 
the behavior of single drops at the interface can be characterized [1]. In this setup, drops of the W1 
phase are placed at a quasi-planar O-W2 interface and their stability against coalescence is measured 
(see Figure 1). Additionally, the diffusion of the hydrophilic emulsifier to the inner interface is 
examined. This method gives the opportunity to find emulsifier pairings that show no negative 
interaction and are therefore suitable for the production of stable double emulsions [2]. 
 
Keywords:  double emulsion, emulsifier interaction, single droplet experiment, interface 
composition 
 

 
Figure 1. Schematic drawing of a double emulsion (left) and the DCTA measurement cell (right). The three phases are 

of the same composition; the sizes of the droplets are different and allow stability measurements. 
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Multilayer O/W emulsions (MEs) have evolved as a promising tool for the long-term storage and 
delivery of valuable food components or pharmaceuticals [1]. The multilayer coatings of the droplets 
can already provide protection of the oil cores from oxidation. For demanding applications it is 
necessary to use additional antioxidants.  

Here we focus on the stabilization of oils rich in omega-3 fatty acids, which are susceptible to 
oxidation. We are asking (a) whether the localization of antioxidant molecules at the droplet 
interfaces may have a positive effect compared to their random placement in the aqueous phase of 
the emulsions [2], and (b) if the exact location of the antioxidants in the multilayer coating matters. 

We rely on weak intermolecular forces to ensure the optimal interaction of antioxidants with 
the layers. We use a sequential colloidal method. We first examine the interactions of antioxidants 
with the ME biomolecules (proteins and polysaccharides) in solution using turbidity, fluorescence, 
CD and calorimetry. We then form multilayers on solids with promising combinations of 
antioxidants and biopolymers, which we examine with UV-vis and IR. We finally test promising 
formulations in MEs based on linseed oil. We measure the size and ζ-potential of the emulsion 
droplets, and their resistance to oxidation by dissolving Nile red in the oil and introducing a radical 
generator in the water [3]. Tannic acid is the antioxidant in this work, although natural antioxidants, 
(anthocyanins and betalains) were also tested. We prove that the programmed placement of tannic 
acid at the interfaces of MEs has a significant impact on the protection of the omega-3-rich oil phase. 
 
Keywords: Multilayer emulsion, tannic acid, betalains. 
 
 
 
 
 
 
 
 

 
 
 

 

 

Figure. Sequential colloidal method for ME preparation. 
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Emulsions stabilized by colloidal particles are known to exhibit a high kinetic stability and are usually 
classified under the denomination Ramsden-Pickering emulsions [1]. For more than a decade, soft 
particles named microgels have been extensively used as emulsion particle stabilizers [2]. The 
emulsions can be responsively destabilized by any stimulus that decreases microgels deformability 
at interface [3].  

However, the panel of levers and the fundamental understanding of how and when these 
emulsions become kinetically unstable are limited by the intrinsic covalent nature of the microgel 
stabilizer network. To this end, we recently developed a potential microgel emulsifier candidate 
based on thermosensitive poly(N-isopropylmethacrylamide) (PNiPMAM) containing stimulable 
metallo-supramolecular instead of frozen covalent crosslinks. The polymer chains of the microgel 
are connected by iron(II)-bis(terpyridine) coordination supramolecular complexes that can be 
selectively cleaved on demand (Figure 1). 

The microgels spontaneously adsorb at oil-water interfaces Then, we demonstrate that 
oxidation of iron(II)-bis(terpyridine) coordination supramolecular complexes triggers complete 
destructuration of the supramolecular microgels into linear polymer chains at oil−water interfaces 
and destabilize the emulsions [4].  
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Figure 1. Stabilization/destabilization process of dodecane-in-water emulsions using oxidation responsive microgels 

crosslinked by cleavable iron(II)-bis(terpyridine) supramolecular complexes. 
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Polymers containing sulfur-centers with high oxidation states in the main chain, polysulfoxide and 
polysulfone, display desirable properties such as thermo-mechanical and chemical stability. To 
circumvent their challenging direct synthesis, methods based on the oxidation of a parent polysulfide 
have been developed but are plagued by uncontrolled reactions, leading either to ill-defined mixtures 
of polysulfoxides and polysulfones or to polysulfones with reduced degrees of polymerization due to 
over-oxidation of the polymer. We developed an alternative method to produce well-defined 
polysulfoxide and polysulfone in waterborne colloidal emulsion using different oxidants to control the 
oxidation state of the sulfur in the final materials. The direct oxidation of water-based polysulfide 
latexes avoided the use of volatile organic solvents and allowed for the control of the oxidation state 
of the sulfur atoms. Oxidation of parent polysulfides by tert-butyl hydroperoxide led to the production 
of pure polysulfoxides, even after extended reaction time. Additionally, hydrogen peroxide produced 
both species through the course of the reaction but yielded fully converted polysulfones after 24 h of 
oxidation. By employing mild oxidants, our approach controlled the oxidation state of the sulfur 
atoms in the final sulfur-containing polymer and prevented over-oxidation, ensuring the integrity of 
the polymer chains and colloidal stability of the system. We also verified the selectivity, versatility, 
and robustness of the method using a range of parent polysulfide nanoparticles of different chemical 
compositions and structures. The universality demonstrated by this method makes it a powerful yet 
simple platform for the design of sulfur-containing polymers and nanoparticles. [1] 
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Figure 1. Scheme of the synthesis and oxidation of polysulfide nanoparticles in water-based suspension. Different 
oxidants and reaction conditions can yield nanoparticles with different degrees of oxidation. At the left bottom, the scheme 
illustrates the effect of oxidation on the hydrophilicity and thermal stability of the final polymers. 
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In the life science industry, crystalline dispersions often act as colloidal carrier systems for the 
targeted and controlled release of e.g. bioactive substances. These substances are mostly 
hydrophobic molecules with low water-solubility and high melting point. Thus, colloidal lipophilic 
carrier systems are produced via a two-step melt-emulsification process: first, the dispersed phase is 
emulsified at temperatures above its melting point/range and then transferred into a crystalline 
dispersion by supercooling. 

Dispersed droplets crystallize individually, which can result in a mixture of supercooled 
liquid droplets, amorphous and crystalline particles. Thus, incomplete crystallization and/or 
colloidal processes such as (partial) coalescence, aggregation or recrystallization can occur during 
storage and transport. Recrystallization of fats is often caused by temperature fluctuations or simply 
happens over a long period during storage, resulting in a macroscopic change of the formerly 
spherical particles. Additionally, spherical droplets change their shape into platelets or rods during 
the cooling process. All these processes can be responsible for a decrease in product quality and 
stability, up to the total loss of the application properties.  

To improve our understanding of these instabilities and the crystallization behaviour of 
individual droplets, we developed a novel thermo-optical method for droplets with a minimum size 
of 1 µm [1]. With this method, single crystallization events can be detected and characterized. The 
particle size and morphology can be determined in parallel and we can distinguish between liquid 
and crystalline structures during the crystallization process (see Figure 1). This contribution focuses 
on the influence of the molecular structure of emulsifiers on macroscopic shape changes during 
crystallization (e.g. see Figure 1) and recrystallization in storage. We correlate microscopic studies 
with the storage stability of the corresponding crystalline dispersions. 
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Figure 1. Droplet deformation of the disperse phase of a hexadecane-in-water emulsion during supercooling. Gray 

transparent spheres are liquid droplets; crystal structures are visible in colour (green,  orange). [2] 
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The use of Pickering Emulsions (PEs, i. e. particle stabilized emulsions) as reaction environments 
for catalysis has grown large interest in the recent years [1]. Catalysis in PEs takes place at the 
interface between two immiscible liquids, while the catalyst remains in the one (often aqueous) phase 
the substrate constitutes or is present in the other phase.  
The stabilization of emulsion droplets with particles offers a large variety of green particles and large 
interfaces with a high stability against coalescence [2]. This overall enables cost-efficient product 
separation for retaining the catalyst in in the system while extracting the product such as membrane 
filtration [3]. By performing the hydroformylation of 1-dodecene as a model reaction in water-in-1-
dodecene PEs, we obtained detailed insights into the reaction mechanism [4]:  
The used Rh-catalyst is surface-active and reduces the droplet size by creating free catalyst loaded 
area between the particles but also adsorbs onto positively charged particle surfaces. Based on 
detailed interfacial area quantization, we could show that the catalyst works equally efficient at both 
interface types (at the particles’ surface and at the oil/water interface). Overall, the understanding of 
the particle arrangement at the interface and the calculation of interface specific conversion rates 
may enable the comparison between the catalysis in a giant variety of PE systems in different studies 
with large differences in particle type, emulsion composition and preparation history. 
The gained knowledge is transferred to PEs stabilized by a mixture of hydrophobic particles and 
hydrophilic soft polymer particles. This combination of these particle types allows tailoring the 
desired emulsion type and a response to outer stimuli.  
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Figure 1. (A) Characterization of Pickering Emulsion droplets with light and cryogenic electron microscopy.  

(B) Catalyst localization enables the calculation of an effective catalytic active interface. 
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Pickering emulsions offer outstanding kinetic stability, appreciable for storage. It is of great interest 
to confer them stimuli-responsiveness [1] [2] for applications that often require release of the content.    
 The aim of our work is to formulate Pickering emulsions stabilized by dextran-based stimuli-
sensitive nanoparticles. To do so, we modified dextran: a bio-sourced, biocompatible and 
biodegradable hydrophilic polysaccharide in three different ways. Then, nanoparticles made of 
modified dextran exhibiting narrow size distribution (PDI<0.2) and average hydrodynamic diameter 
around 200 nm were produced using nanoprecipitation. The initial modification step provides 
wettability and ensures stimuli-responsiveness to pH, enzyme or light of these nanoprecipitated 
particles for their use in Pickering emulsion stabilization. Oil-in-water Pickering emulsions were 
successfully formulated using these three different types of nanoparticles and limited coalescence 
phenomenon was studied. Degradation of the nanoparticles and destabilization of the related 
Pickering emulsions under stimuli (pH [3], enzyme, or light (Figure 1)) were achieved, promoting 
new bio-friendly vectors for lipophilic substances. The next step is to polymerize the inner phase of 
simple Pickering emulsions. 
 

 
Figure 1. Spatio-temporal control over coalescence of a light-sensitive Pickering emulsion 

 
Key Words: Stimuli-responsiveness, Pickering emulsions, bio sourcing, sustained release 
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Squalane is a non-volatile natural solvent widely used, particularly in cosmetics. We investigated the 
possibility to realize microemulsions involving this solvent by stabilizing it with AOT as surfactant. 
In short chain oils this sulfosuccinate promotes the creation of water-in-oil microemulsion but this 
behavior changes using decane since a triphasic equilibrium oil-microemulsion-water is stable in the 
presence of 0.51 % wt/vol NaCl, followed by inverse systems at higher salinity [1]. 

Using Squalane as oil, we noted the formation of equilibria involving L3 phases, similarly to 
what expected for pseudo binary systems AOT/brine, with a very poor hydrocarbon solubilization. 
Particularly, increasing the salinity starting from 1.5 %wt/vol NaCl, we observed a shrinkage of the 
volume fraction of the sponge phase, expelling brine. Comparing volumetric data of this process both 
with and without Squalane, significative differences in the phases’ volumes have been observed: the 
oil, solubilized in traces as revealed by TGA, has an opposite effect respect to the salt. 

Fitting of SAXS curves allowed to get insight on the microstructure of the L3 phase, particularly 
on the dependence of persistence lengths (ξ) on AOT volume fraction s. The experimental ξ coming 
from SAXS well agree with calculated ones from volumetric data according to the Random Surface 
Model for L3 phases (RSML3) proposed by Cates et al. [2]. Interpreting  as the maximum linear 
displacement on the surface for which the normal at interface vary less than a critical angle , leads 
to  𝜉𝜉𝜉𝜉 ≤ 𝛼𝛼 where H denotes the mean curvature of the film. This, combined with the RSML3, leads 
to 𝜉𝜉~𝜉𝜉0 =

𝛼𝛼
𝜉𝜉 ∝ 𝜙𝜙2(Figure 1) in agreement with the thermodynamic treatment of the L3 phase of 

Olsson et al. [3]. 
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Figure 1. Evolution of persistence lengths as a function of the square of the surfactant volume fraction. 
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Pickering emulsions [1], which are defined as a dispersion of two immiscible liquids 
stabilized by solid particles, are of great interest for many applications since they avoid the 
use of molecular surfactant. Such emulsions have the advantage of being much more stable 
than conventional ones, and their size distribution can be easily controllable thanks to the 
limited coalescence. Though commonly stabilized by nanoparticles like titanium oxide or 
modified silica, the potential toxicity of inorganic nanoparticles pushes researchers to find 
new solutions, like solid amphiphilic polymers [2,3].  

Polymers offer many advantages as stabilizers of functional Pickering emulsions which can 
thus be obtained with simple and biocompatible compositions. Linear PolyEthyleneImine 
(LPEI) is a polyelectrolyte mainly used as a transfection agent [4], through the formation of 
electrostatic complexes with DNA sequences. Its structure is composed only of secondary 
amines, making it sensitive to temperature. Indeed, after solubilisation in hot water, it forms 
hydrogen bonds with water which, when cooled, leads to the formation of a hydrogel. Herein, 
we show that with addition of paraffin oil, the emulsification of the hydrogel gives oil-in-
water emulsions with outstanding properties. LPEI forms a gel network in the continuous 
phase while adsorbed at the interface, providing great emulsion stability. Rheological study 
shows low emulsion viscosity under shear while its major elastic behaviour allows good 
storage conditions. Eventually, its thermoreversible properties constitute a new and 
promising system for biomedical applications. 

 
Keywords: Polymer, Polyethyleneimine, Pickering Emulsion, Thermoreversibility. 

 
Scheme 1: LPEI chemical structure and hydrogen bond formation or breaking with temperature (left). Pictures 

at each step of the emulsification process and cycles where Emulsion Index (E.I.) and droplet size are 
specified(right). 
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This study explores the assembly of aqueous colloidosomes with strawberry-morphology. The 
colloidosomes dispersion consists of core polymer particles with (controlled) partial coverage of their 
surface with silica nanoparticles. Multiple physical interactions between the corona silica spheres 
and core polymer particles were gauged to make raspberry assemblies with surface coverage area 
fractions ranging from 0.3-0.5, both for diluted as well as for concentrated aqueous dispersions.  
          Colloidosomes were prepared by controlling the assembly of silica nanoparticles on PEO 
surface-modified polymer particles. The effects of pH, PEO chains density, silica weight fraction and 
ionic strength, on the formation and stability of the strawberry assemblies were investigated. The 
process was monitored by measuring the hydrodynamic diameter of the colloidosomes in 
combination with cryo-TEM imaging of the obtained morphologies. In this talk, the critical 
conditions required to assemble strawberry colloidosomes via heterocoagulation with pre-defined 
partial surface coverage are present. Only strawberries assembled from latex particles with certain 
amount of PEO at the surface showed good stability. Such colloidal nanocomposites in aqueous 
concentrated dispersion are highly relevant for practical application, such as paints and inks.[1-2]  
 
Keywords: Colloidosomes, Assembly, Water-borne Coatings  

 
Figure 1. (top) Schematic assembly conditions of partially covered colloidosomes and (bottom) cryo-TEM images of a dilute sample 
in a) 10 mM and b) 30 mMbuffer, c) a concentrated sample in 30 mM buffer and d) highly PEO grafted sample. (From left to right) 
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The oil fraction f in a oil-in-water emulsion describes the packing of the droplets. It is only when

this fraction exceeds about fc = 65% that the emulsion becomes elastic and develops a yield stress 1.
At lower liquid fraction,  usual emulsions are fluid.  Here,  we present a simple chemical  system
providing us with emulsions in which fibrils emerge in water from the oil  phase under cooling,

leading to a gelled water phase, and thus to a yield stress at oil fractions well below fc  
In this system, an organogelator (12-hydroxystearic acid, HSA) is dispersed in the oil phase,

while ethanolamine is added to the water phase.  This is a chemical couple known for providing
long tubular structures in water, and stable foams 2-3; but its ability to stabilize emulsions was not
yet studied. 

First,  we show that  stable dilute  emulsions (f = 20 to  50%) are easily  produced at  high
temperature. Then, under cooling and for a given range of relative concentrations between HSA
and ethanolamine,  these dilute emulsions show new features: they develop an elastic behavior,
fully characterized by rheometry. Microscopy techniques and X-ray diffraction demonstrate that
this  behavior  is  due  to  long  self-assembled  crystalline  fibrils  in  water  emerging  from  the  oil
droplets, giving them a hairy-like configuration (Fig.1).

Here we thus show for the first time that a single molecule  - initially dispersed in oil - both
stabilized  the  emulsion,  and  subsequently  provide  the  gelification  of  the  water  phase.  The
mechanism  of  fibril  creation  in  water,  as  well  as  time  and  temperature  stability  issues,  are
discussed. In parallel, the robustness of this effect is demonstrated using different oils (paraffin,
myritol, dodecane). This works illustrates how emulsion properties can be tuned, once transfer of
molecules or structures from one phase to the other can be triggered.

Keywords: emulsion – self-assembly – organogelator – hydroxystearic acid

Figure 1. oil droplets from which fibers grow in water to provide an elastic behavior to the continuous phase.
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Early studies [1-3] on water – n-alkane – ionic surfactant microemulsions provide first hints for the 
possible existence of a foam-like nanostructure, i.e. a dense packing of polyhedral nanometer-sized 
water droplets separated by a thin layer of a continuous oil phase. We chose the system 
water/NaCl – hexyl methacrylate (C6MA) - dioctyl sulfosuccinate sodium salt (AOT) for two reasons. 
First, because AOT is a single, pure surfactant known to form inverse structures and,  
secondly, our ultimate goal is to polymerize the continuous oil (C6MA) phase, i.e. to synthesize 
genuine nanoporous polymer foams. Inspired by the pioneering work of Skouri et al. [4] we were 
able to locate an isotropic one-phase channel, the L3 phase, emanating from the pseudo-binary 
system water/NaCl - AOT at ambient temperature. In addition, there is an isotropic oil-in-water 
microemulsion found at high temperatures [5]. Already upon addition of small amounts of oil to the 
L3 Phase the conductivities become very low and the viscosities very high [6]. Freeze fracture electron 
microscopy allows us to actually see the anticipated foam-like nanostructure (see Fig.1).  
The structure is reminiscent of that of Wolf et al. [7] for a related system with a technical grade 
nonionic / anionic surfactant mixture. Currently, we are studying the kinetics of the oil (C6MA) 
polymerisation. Subsequently, the structural transition in the L3 channel will be investigated by small 
angle neutron scattering (SANS) and NMR self-diffusion (FTPGSE). 
 
Keywords: foam-like nanostructure; L3 phase; high internal phase microemulsion 
 

 
Figure 1: Freeze fracture electron microscopy (FFEM) image of an oil-continuous microemulsion 
H2O/NaCl – C6MA – AOT with AOT mass fraction γ = 0.15 and C6MA mass fraction α = 0.037. Scale bar = 100 nm [6]. 
The inset illustrates the polyhedral foam-like structure taken from [8]. 

References 
[1] D.F. Evans et al, J. Phys. Chem., 1986, 90, 2817.  
[2] W. Jahn and R. Strey, J. Phys. Chem., 1988, 92, 2294.  
[3] S.H. Chen et al, J. Phys.: Condens. Matter, 1991, 3, F91. 
[4] M. Skouri et al, Colloid Polym Sci, 1991, 269, 929. 
[5] O. Lade, Charakterisierung, Modellierung und Polymerisation von Microemulsion aus  
      Alkylmethacrylaten, 2001, Cuvillier Verlag, Göttingen, Germany. 
[6] P. Menold et al, J. Colloid Interface Sci., submitted. 
[7] L. Wolf et al, J. Phys. Chem. B, 2011, 115, 11081.  
[8] A. M. Kraynik, Advanced Engineering Material, 2006, 8, 900. 

102



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

OP2.13 

 
 A Natural, Cellulose-Based Microgel for Water-in-Oil 

Emulsions  
 

K. S. Lefroy 1, B. S. Murray 1, M. E. Ries,2 and T. D. Curwen3 
 

1University of Leeds, School of Food Science and Nutrition, Leeds, UK 
2University of Leeds, School of Physics and Astronomy, Leeds, UK 

3Mondelēz International, Reading Science Centre, Reading, UK 
 

Presenting author e-mail: fskl@leeds.ac.uk 
 
Water-in-oil (W/O) emulsions are used extensively in the food, pharmaceutical, agricultural and 
cosmetic industries in order to improve shelf-life and modify rheological properties, amongst other 
things. However, there is a lack of W/O stabilizers which are considered food grade, since most 
surfactants or particles require chemical modification in order to be surface active. There is a 
considerable need for more natural alternatives, not only due to consumer preference but also 
changing legislation and the depletion of resources. 

Cellulose is the most abundant biopolymer on earth and is already used extensively in food as 
a thickener, since it is non-toxic, tasteless and a good source of dietary fiber. However, it is rarely 
used in its native form due to its highly insoluble nature, arising from the high density of hydrogen 
bonds which form between polymer chains, and its relatively low surface activity. Recently, there has 
been more emphasis on functionalizing cellulose in its native form via physical modification, thanks 
to the development of cheaper and easy-to-use cellulose solvents[1]. In particular, ionic liquids (ILs) 
have been used extensively for small-scale cellulose dissolution. 

In this work, a cellulose microgel (CMG) has been fabricated via IL dissolution and 
coagulation, in order to produce a W/O emulsion stabilizer[2]. The crossover (C*) and entanglement 
(Ce) concentrations of a commercial cellulose in IL were determined via rheological and NMR 
measurements, in order to determine the concentration ranges of the interactions between the 
cellulose molecules prior to their gelation. Cellulose gels were then dispersed to form CMGs, in oil, 
using a top-down method, and investigated as W/O emulsion stabilizers. Emulsions of up to 20 vol.% 
water were stable for at 1 month. Thus, we have demonstrated that  via these physical modifications 
of native cellulose, surface activity can be imparted by forming cellulose microgel particles. 
 
Keywords: Cellulose; W/O Emulsions; Microgel Particles 

 
Figure 1. Process of fabricating cellulose microgels (CMG) via coagulation from an ionic liquid. CMGs are then used to form a 

water-in-oil (W/O) emulsion, through Pickering and network stabilisation. 
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The influence of pressure on the properties of emulsions and microemulsions is generally weak due 
to the very low compressibility of the components. However, this is no longer true if the formulations 
contain components that are gaseous at ambient conditions. Examples and applications of such 
formulations are CO2 microemulsions for the production of nanofoams [1] or crude oil 
microemulsions containing short-chain alkanes as found in enhanced oil recovery (EOR) [2]. 

To deepen the knowledge on such systems, we studied the pressure dependence of 
microemulsions consisting of brine/butyldiglycol, n-alkanes, and a mixture of anionic surfactants 
between 1 and 350 bar. Using the highly efficient mixture of an alkylalkoxysulfate and alkylsulfonate 
surfactant, we were able to formulate one-phase microemulsions containing equal amounts of 
brine/butyldiglycol and n-alkanes with only 3 wt% of this mixture. By increasing the fraction of 
propane in the propane/n-decane mixture systematically, a reversal of the pressure dependence was 
found. On the one hand, in n-decane-rich microemulsions, a pressure increase leads to an inversion 
of the membrane curvature from water-in-oil (w/o) to oil-in-water (o/w), resulting from a stronger 
headgroup hydration. On the other hand, increasing the pressure in the propane-rich micro-
emulsions leads to a curvature change from o/w to w/o, caused by the better interaction between the 
compressible propane and the hydrophobic surfactant tails at elevated pressures. For the selected 
system, we found that at a 60/40 (propane/n-decane) ratio, the pressure effects on headgroup 
hydration and propane/surfactant tail interactions compensate each other, leading to a micro-
emulsion that does not exhibit a pressure dependence, i.e., a HLD pressure coefficient of  ≈ 0 [3]. 
  
Keywords: Microemulsions, Propane, Phase Behavior, Pressure Dependence 

 
Figure 1. Dependence of the HLD pressure coefficient  on the propane/n-decane ratio in the microemulsion. 
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Our understanding about the oil-water (o/w) interface arises mostly from experimental data of the 
extended interface and the common view that emulsions are stabilized by a large number of 
surfactant molecules at the droplet’s interface, though upon decreasing an oil droplet’s size to the 
nanoscopic range, the curvature becomes relevant and size-effects can play a major role for interface 
adsorption at nanoscopically curved interfaces. Moreover, Manning’s counterion condensation on 
spheres predicts that there should be an impact of ion condensation as a function of the droplet size.  

There is some disagreement in literature at which point the size-effects become relevant as 
only few droplet sizes were experimentally investigated on a molecular level, however, systematic 
size-dependent studies at o/w nanoemulsions have yet not been published, as only few methods are 
able to probe such interfaces exist. 

Therefore, we addressed the size-dependent effects in o/w emulsions systematically by 
analyzing monodispersed hexadecane in water nanoemulsions with SDS as a surfactant using second 
harmonic scattering for droplet radii between 50-200 nm. Our results show that the charge at the 
nanoscopic o/w interface indeed demands a larger area than at the extended o/w interface, and the 
charge density decreases with a decreasing droplet radius when it becomes smaller than 100 nm, 
leading to a larger space demand per charge - opposed to Manning’s counterion condensation theory 
that predicts an increase in the charge density with a decreasing droplet size.  

Hence, we conclude that Manning condensation is not the driving force for the observed size-
effects in this system: we show that the size-dependence arises from rather poor charge screening 
inside the oil phase so that the local electric field at the interfacial plane becomes dependent on the 
distance of the opposing interface of the oil drop and is, therefore, a function of the droplet size. 
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Liquid foams are present in a wide range of applications, including food, beverages, medicine, 
cleaning or firefighting. One major challenge is the tuning of foam stability, which is determined by 
coarsening (gas exchange) and coalescence (film rupture). Coarsening is commonly inhibited by the 
osmotic effect of gases with low solubility in water, such as fluorocarbon vapors (FCs) [1]. However, 
we show here for the first time that these FCs also have an unexpected effect on coalescence!  

Studying foams stabilized by a wide range of different surfactant types with controlled FC 
concentrations in the gas bubbles, we show that FCs systematically slow down coalescence, even at 
very low concentrations [2]. Surface tension measurements confirm the co-adsorption of FC at the 
gas/liquid interface leading to (i) mixed FC/surfactant layers [3] at low FC concentrations and (ii) a 
macroscopic FC film if the foaming gas is saturated with FC vapor. We hypothesize that this impacts 
the surface rheology and the interactions in the thin films separating neighboring gas bubbles. Both 
effects could induce a slowing down of film rupture and hence foam coalescence. To elucidate the 
underlying mechanisms of the improved film stabilization, investigations of isolated thin films using 
a Thin Film Pressure Balance are in progress. 

 

 
Figure 1. Evolution of (a) bubble size and (b) foam height of C12E6-stabilized foams, showing that the presence of 

Fluorocarbon (FC) vapors (C6F14) in the foaming gas efficiently slows down coalescence. 
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Microfluidic devices can be used to produce monodisperse yet small droplets and bubbles. The 

microfluidic partitioned-Edge-based Droplet GEneration (p-EDGE) device has an array of shallow 
pores opening into a much deeper channel; and is able to steadily and simultaneously produce 
multiple droplets without continuous phase flow [1]. In this study, we investigate bubble formation 
with whey protein as the stabilizer. Bubble formation has two distinct regimes (Figure 1).  

Bubble formation at the pores is spontaneous in both regimes. At low air pressure (Regime 1), 
protein adsorption is required to lower the Laplace pressure of the meniscus; and thus delays the 
onset of (slow) bubble formation. Monodisperse bubbles are formed initially at the pores, showing a 
slight decrease in size with pressure, and a coefficient of variation (CV) mostly below 5%. For 
sufficiently high air pressure (Regime 2), monodisperse bubbles form continuously at the pores 
showing a linear increase in frequency and a step decrease in size that quickly levels off again. 
Additionally, successive bubble-bubble interactions cause finite coalescence. The bubble size 
obtained away from the pores (orange line) is a result of formation and stabilization of the initial 
bubbles, and increases with pressure. Surprisingly, although the extent of coalescence varies with 
experimental conditions, the final bubble size is smaller than 60 µm. 

The co-existence of bubble formation and finite coalescence in Regime 2 are explained by the 
intersection of time scales of bubble formation and protein adsorption. Moreover, we propose a 
semi-empirical adsorption model based on a mass balance of adsorbed proteins for predicting the 
number of coalescence events. This model nicely describes our experimental results, and yields a 
minimum time scale for bubble stabilization, which is 0.4 𝑚𝑚𝑚𝑚 and insects with the range of bubble 
formation time (𝜇𝜇𝑚𝑚 to 𝑚𝑚).   
 
Keywords: Monodispersity; Bubble formation; Bubble coalescence; Protein adsorption; Semi-
empirical adsorption model 

 
Figure 1. Schematic illustration of bubble formation in partitioned-EDGE devices. 
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The properties of foams are of interest for many industrial applications such as personal care 
products and in enhanced oil recovery and are therefore the subject of many studies The thin liquid 
films separating the gas bubbles  ̶  called foam films  ̶  are the building blocks of macroscopic foam. 
Highly regarded systems for foams are oppositely charged polyelectrolyte / surfactant-mixtures, as 
they form surface active complexes [1].  

Extensive research on such mixtures concerning different polyelectrolytes and surfactants was 
already performed [2, 3], however, the influence of the ionic strength is still unclear.  

This work focuses on the influence of added LiBr on foam films of mixtures of the anionic 
polyelectrolyte sPSO2-220 with the cationic C14TAB. Therefore, we measured disjoining pressure 
isotherms with a fixed C14TAB concentration and a variable sPSO2-220 concentration. 

The foam film stability depends on the ration of polyelectrolyte and surfactant as well as on the 
salt content: already a low salt concentration of 10-4 M leads to a considerably reduce of the 
maximum disjoining pressure. An unexpected formation of an unstable Newton Black Film (NBF) 
was found at this low salt concentration. A higher salt concentration added (cLiBr = 10-3 M) broadens 
the concentrations regime of the discovered NBF. These findings will be correlated to the surface 
excesses of the surfactant and polyelectrolyte as well as to the formed structures at the air-water 
interface, which are obtained from Neutron Reflectivity experiments.  
 
 
Keywords: foam films, polyelectrolyte/surfactant-mixtures, salt 
 
 

 
Figure 1. Picture of a foam film containing 10-4 monoM sPSO2-220, 10-4 M C14TAB and 10-3 M LiBr. The formation of a 

NBF within a thicker, bluish foam film is observed. 
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Foams play an important role in the modern world, both in everyday life as well as in the 
industrial sector. Foams can be found at many products such as foods, cosmetics, fire 
extinguishers, etc. Moreover, they are part of various processes (flotation, oil extraction, wine 
production). There are cases where the presence of foam in a product or in a process is desirable 
and its stability adds value to them. However, there are also cases where the presence of stable 
foam is detrimental. The stability of foam is directly related to the sturdiness of liquid films 
between foam bubbles. Monitoring the stability of these films is particularly difficult due to their 
convex geometry and their variable length and thickness [1]. 

In the present method the creation of an air-bubble inside a liquid bridge allows the 
formation of a convex liquid film with variable length and thickness between the bubble and the 
surrounding air, similar to the films between the bubbles of foam. During controlled drainage 
experiments of the liquid bridge, both the length and the thickness of the liquid film change leading 
initially to its thinning and finally to its rupture. Electrical impedance measurements along the 
liquid bridge make possible to determine the rate of thickness reduction of the film which 
characterizes its stability. 

Experiments took place with liquid bridges of various solutions of surfactants (e.g. SDS, 
Empigen BaC 50, Ethylan 1008) at different concentration but also of various mixtures of the 
above, under stable ambient conditions (i.e. temperature and moisture), and for various liquid 
drainage rates. These experiments showed that the highest the concentration of the surfactant, the 
highest the strength against thinning of the film and so the longest the time until its rupture, thus 
the stability foam is also the highest.  
 
Keywords: foam stability, surfactant, liquid film 
 

 
Figure 1.Reduction rate of liquid films’ thickness. 
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Foams are dispersions of gas bubbles in a continuous medium. Their typical cellular structure lends 
them lightness and peculiar mechanical properties that are exploited in many industrial applications.

However, liquid foams are not stable, as a competition between different mechanisms can alter 
their internal structure over time. Drainage, coalescence and coarsening can be a strong limitation 
in industrial processes, as they slowly lead to an irreversible foam damage. The desired longevity of 
a foam clearly depends on the specific applications, that still call for a thorough understanding of 
foam stability.

We study how the mechanical properties of the continuous phase impact on the coarsening 
process, in conditions where drainage and coalescence can both be neglected. We control the 
mechanical properties by using concentrated oil-in-water emulsions as the continuous phase of 
foams. In fact, at sufficiently high droplet concentrations, emulsions show an elastic behavior, thanks 
to the storage of interfacial energy from droplet deformations. As this elasticity increases with 
droplet concentration, we can vary the elasticity of the foam continuous phase by simply adjusting 
the emulsion oil fraction. We study foamed emulsion coarsening in quasi-2D foam systems, which 
allow to follow the bubble pattern evolution over time through imaging experiments.

We show that the elasticity of the continuous phase strongly influences the ripening of foamed 
emulsions, leading to reduced bubble growth rates. Moreover, we show that increasing the emulsion 
elasticity hinders the bubble rearrangements and deeply affects the foam structure, with the 
appearance of unrelaxed bubble patterns. The results can lead to a more efficient control of the foam 
structure and stability.

Keywords: foams, emulsions, coarsening, viscoelasticity

 
Figure 1. Bubble pattern in a quasi-2D foamed emulsion.
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Catanionic mixtures are commonly used in applications due to synergetic properties of both cationic 
and anionic surfactants. However, these mixtures contain not only the surfactant cation and anion 
but also the corresponding counterions of the ‘‘parent’’ ionic surfactants.[1] 

Alkyltrimethylammonium alkanecarboxylates were prepared and studies to better understand 
the mechanism of the micellization process in aqueous solution of salt-free catanionic surfactants. 
Isothermal titration calorimetry (ITC), and dielectric relaxation spectroscopy (DRS) provided an 
important insight into the hydration and average charge of the micelles.[2] 

The obtained ITC data was analysed with the help of a two-step model equation [3], yielding 
the thermodynamic parameters, micelle charge and aggregation numbers. Comparison with the 
‘‘parent’’ decyltrimethylammonium chloride and sodium decanoate reveals that combined 
dehydration of both alkyl chains increases entropy upon micellization. In the first step neutral 
smaller micelles with partly dehydrated alkyl chains are formed, while in the second step larger 
charged micelles with fully dehydrated alkyl chains are equally favourable. The resulting average 
micelle charge and average aggregation number are decreasing with temperature. From the DRS 
spectra, effective hydration numbers of the free monomers and micelles were deduced and are 
comparable to the ‘‘parent’’ cationic surfactant micelles. 
 
Keywords: catanionic surfactants, isothermal titration calorimetry, dielectric relaxation 
spectroscopy, thermodynamics of micelle formation 
 

 
Figure 1. Examples of the ITC and DRS experimental data with corresponding model curves and a schematic 

representation of the two steps taken into account in the models. 
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The antennary oligoglycines are products of preliminary molecular design. These compounds are 
biocompatible and nontoxic to living organisms. The equal-length antennae are built of a number of 
glycine residues jointed by the C-end to an oligoamine branching core whilst the amine group at the 
N-terminus is exposed outside. In view their considerable potential for practical applications, we 
have recently performed a systematic research on the properties of aqueous systems, containing 
these substances. 

The key feature of this type of molecules is their capability to form various supra-molecular 
structures (tectomers) (bulk nanoplatforms and vesicles) in aqueous media, and to build ultra-
smooth coatings on solid substrates. The innate reason for the self-assembling phenomena is the 
onset of highly cooperative networks of intra- and intermolecular hydrogen bonds based on 
Polyglycine II motifs (PGII). Due to the specific structural peculiarities of the oligoglycine molecules 
and the tectomers, complex fluid formulations which contain them exhibit high potential for easy 
fine-tuning procedures. The smart regulation of their performance is achieved by variation in pH, 
temperature, and/or by addition of charged entities (e.g. low or high molecular mass substances). 
The close proximity of soft or solid interfaces additionally modifies the onset and stability of the 
supra-molecular assemblies.  

Particular attention is paid on the two- and four-antennary species which are investigated in 
detail [1-3]. The two-antennary oligoglycines are bola-amphiphiles. The multifaceted interplay of 
Polyglycine II motifs and amphiphile properties allows a plethora of possibilities for the onset of both 
bulk tectomers (discs and vesicles), and specifically structured coatings, finely tunable through the 
degree of hydrophobicity of the solid supports. The four-antennary oligoglycines form 
predominantly flat (discotic) bulk nanoplatforms and ultra-regular coatings which can be used for 
capture of various charged species in aqueous media. 

The obtained results add new knowledge to structure-property relationships of the investigated 
complex fluids and give important clues related to the effect of specific composition of the systems 
and the approach to fine-tuning of their performance. The experimental observations presume 
fascinating developments towards possible applications in medicine, pharmaceutical industry, and 
environmental protection. 
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Dihydrazide monomers can be used, together with dialdehyde monomers, for the synthesis of 
poly(acylhydrazones), which have dynamic combinatorial properties in acidic medium. A 
dihydrazide monomer, synthesized according to Ulrich group’s work [1] – containing a 
benzohydrazide end-group and ethylene oxide moieties – was found by us to have a surfactant 
behavior in water, resulting in self-assembled objects.

This work presents a physicochemical study of this monomer through multiple 
characterization techniques, including isothermal titration calorimetry (ITC) to determine 
thermodynamic constants regarding the aggregation properties (such as a critical aggregation 
concentration value of 0.014 mM), according to methods described in [2] and [3]. In addition, a
characterization by dynamic light scattering, zetametry, turbidimetry, as well as transmission 
electron microscopy observations were performed to determine the size of the objects (around 
100 nm in pure water), their morphology (spherical), and their zeta potential.

To complete this characterization, the influence of dihydrazide monomer concentration and 
medium pH on these parameters was investigated. A low pH of medium was found to disassemble
the objects.

Keywords: dihydrazides, molecular self-assembly, physicochemical characterization
 

Figure 1. A) Chemical structure of the dihydrazide monomer considered in this work. B) Example of ITC thermogram 
obtained after the addition of the dihydrazide monomer solution in water.
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The interactions of sodium salts of lyotropic anions with micelles of the single-chain phospholipid 
dodecyl phosphocholine (DPC) have been studied by the presenting author for some time [1,2]. In 
this work we present a detailed thermodynamic investigation of these interactions using isothermal 
titration calorimetry (ITC). NaCl, NaNO3, NaI, NaClO4 and Na-tetraphenylborate (NaTPB) have 
been used as model salts. 

The experiments involve DPC demicellization over a temperature range 5-55 C in the presence 
of salts, with balanced electrolyte in calorimeter syringe and cell, which reduces artefacts from salt 
dilution. The results are analysed using the detailed models recently developed in Ljubljana [3,4], 
which provide the enthalpy, entropy, heat capacity and free energy of micellization, as well as the 
cmc of the surfactant, the average aggregation number and the amount of bound counterions. These 
results are compared to dynamic light scattering and SANS results analyzed by applying a model, in 
which anions penetrate the micellar palisade layer.  

The work provides detailed thermodynamic insights into the interaction of lyotropic anions 
with membrane-mimetic models and clearly delineates the effect of anion chaotropicity on the 
thermodynamic functions of salt-phospholipid interactions. NaTPB in particular affects DPC 
micellar structure in dramatic ways, reflected in the calorimetric results. 
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The complex interactions between minerals and soil organic matter has been widely 
investigated due to important environmental implications. However, the colloidal fraction of the 
dissolved organic matter (DOM) and its interactions with minerals is still not fully understood partly 
due to technical difficulties involved in studies of those aggregates in real environments. By using a 
soil-extracting procedure, we were able to demonstrate the coexistence of molecularly dissolved 
organic matter and fractal colloidal aggregates. Small-angle x-ray scattering (SAXS), dynamic light 
scattering (DLS), zeta potential measurements, and 1H nuclear magnetic resonance (NMR) along 
with elementary analysis allowed us to characterize the DOM colloidal aggregates and their 
interactions with a model synthetic iron oxide nanoparticles (ferrihydrite), as well as with in-situ 
minerals, mainly Fe and Al.  

Ferrihydrite mineral particles are positively charged while DOM has a net negative charge, and 
may therefore experience electrostatic attraction and co-assembly (Figure 1). Following the study of 
this model system, we have investigated mineral-DOM interactions in soil samples collected in three 
lateritic soil sites in Apulia (Italy). Those lateritic soil samples exhibit similar overall composition 
but different element concentrations, in which Fe and Al, were the primary minerals.    

The results are of significant importance for understanding organic matter availability and 
mobility in the soil systems.

Keywords: dissolved organic matter, minerals, soil, SAXS, DLS.  

 
Figure 1. Cryo-transmission electron microscopy images of dissolved organic matter (DOM) (left), ferrihydrite (Fh) 

(middle) and DOM-Fh mixture (right). We note the clustering of Fh particles when mixed with Dom. 
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During evolution some of the bacteria acquired genes encoding various virulence factors, gaining pathogenic potential 
[1]. Staphylococcus aureus and Pseudomonas aeruginosa belong to Gram-positive, and Gram-negative bacteria respec-
tively [2,3], are responsible for a large number of hospital and out-of-hospital infection cases [4,5]. It is estimated that 
approximately 30% of the population is infected with these pathogens, and most of them are asymptomatic. However, 
the development of the infection might lead to soft tissue infections and pneumonia, which may in  some cases cause 
the death of the patients [6]. Drug resistance of these pathogens causes difficulties in treating the illness. Therefore, 
new class of antimicrobial compounds is highly desired.Here, we present the effect of a new class of antimicrobial 
compounds - lipo-oligoureas, on both Gram positive and Gram negative biomimetic bacterial membranes. Oligoureas 
consist of interconnected urea units which can be substituted with groups analogous to those present in amino acids. 
Lipo-oligoureas are known  to be resistant to the enzymes responsible for cleaving the peptide bonds and might pos-
sess enormous potential in the area of anti-bacterial applications. ATR and QCM techniques confirmed the interaction 
between the membrane and the lipo-oligoureas. As a result of the interaction, there are changes in the conformation of 
lipids and thus in the permeability of the membrane itself. Moreover, the changes in hydration of the membrane and 
fluidity are observed. This may indicate the potential membranolytic nature of these compounds , which makes them 
good candidates for the new antimicrobial agents.

Keywords: Keywords: Attenuated Total Reflectance (ATR), quartz crystal microbalance (QCM), lipid mem-
branes, antimicrobial compounds
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Polyunsaturated omega-3 fatty acids, including the longest and most unsaturated of them 
docosahexaenoic acid (DHA), play many biological and pharmacological roles, whose origin is still 
debated. In particular, omega-3 were proposed to exert their biological activities through different 
mechanisms: acting as lipid mediator precursors, transcriptional regulators, modulators of 
membrane protein functions, and, last but not least, by shaping the membranes as either free fatty 
acids or components of glycerophospholipids [1]. 

Despite their crucial functions, the mechanisms of omega-3 incorporation and significance in 
biomembranes have remained obscure. In this respect, we have characterized lipid bilayers enriched 
with either mono- and di-DHA phospholipids, namely 18:0-22:6PC and 22:6-22:6PC respectively. 
We investigated the mesoscopic and microstructural features of liquid disordered (Ld) POPC and 
liquid ordered (Lo) POPC/cholesterol lipid bilayers as a function of omega-3 content by means of 
neutron reflectivity, electron paramagnetic spectroscopy, small angle neutron scattering, dynamic 
light scattering and cryo-TEM.  

Very different membrane behaviours are envisaged depending on the initial bilayer features, 
either liquid disordered or liquid ordered, and the kind of omega-3 phospholipid employed. 
Interestingly, while the di-DHA phospholipid invariably induces an increase of fluidity, both in the 
case of Ld and Lo phases, 18:0:22:6PC is able to increase order and rigidity in Lo phases. Particularly 
worth of note is the finding that, beyond a threshold concentration, 22:6-22:6PC impairs formation 
of lamellar phases in liquid-disordered lipid membranes and induces the formation of small non–
lamellar spherical aggregates [2].  

Overall, we will present and discuss results that provide a reasonable key to interpret many 
different physico-chemical properties of polyunsaturated lipids and open a new pathway towards a 
comprehension of their biological role. 
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The study of the mechanisms of membrane solubilisation is important for applications in 
biotechnology and industrial applications. In our studies on membrane solubilisation, small angle 
X-ray scattering measurements (SAXS) and cryo-transmission electron microscopy (cryo-TEM) 
images revealed that detergents such as Triton X-100 (TX-100) and n-Dodecyl-beta-Maltoside 
(DDM) will not solubilise the membrane into micelles at low temperatures unless a large excess of 
detergent is added. Rather, in the case of the zwitterionic lipids DPPC and DMPC, SAXS reveals that 
below 24⁰C TX-100 and DDM seemingly increases the multilamellar sheets in the lipid vesicles 
(Figure 1a-b). TX-100 also seems to induce a phase transition in the bilayer. The structure, deduced 
from cryo-TEM images and the characteristic Bragg peak pattern in the SAXS data, resembles the 
ripple phase in lipids (Figure 1c). This is further supported by the observation that cooling below 
15⁰C reveals only multilamellarity and not the characteristic ripple peaks in the SAXS pattern (Figure 
1b-c). In contrast, DPPC vesicles containing small amounts of the charged lipid DPPG are solubilised 
into smaller discs at the same lipid:TX-100 ratios (Figure 1d). At temperatures above 24⁰C and at 
very high concentrations the bilayer is solubilised into micelles for both zwitterionic and charged 
bilayers, but over the timescale of several minutes. Using time-resolved SAXS we could elucidate the 
full transition from bilayer to mixed micelle (Figure 1e), and it also revealed that the morphological 
changes occurring both at low and high ratios are very slow processes at 20⁰C. Further investigations 
are currently being done to reveal the mechanisms of the structural changes at different 
temperatures, detergent types and concentrations and how they relate to the physicochemical nature 
of the lipids and detergents.   
 
Keywords: detergent, solubilisation, TX-100, lipid 
 

 
Figure 1.  Results from interaction of TX-100 with DPPC vesicles at low temperatures. a) shows a cryo-TEM image 

and SAXS data for the pure lipid vesicles, b) and c) show cryo-TEM images of TX-100 mixed with DPPC at equimolar 
ratio along with SAXS results for DPPC vesicles with increasing amounts of TX-100 at 10 and 20 ⁰C respectively, d) 
show the solubilisation of DPPC vesicles prepared with 10 % charged DPPG lipids at low TX-100 concentrations, e) 

shows time-resolved SAXS data for solubilisation of DPPC vesicles at high amounts of TX-100.   
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The amyloidogenic protein a-synuclein interacts with anionic membranes and its aggregation in vivo 
is related to neurodegenerative diseases, including Parkinson’s and Alzheimer.[1-2] Parameters such 
as lipid composition, pH and salt concentration in the bulk solution can influence the lipid-protein 
interactions.[1-2] 

To understand this better, we employed complementary bulk and surface techniques to 
investigate the effect (i) of zwitterionic (POPC) and anionic (DOPS, and the gangliosides GM1 and 
GM3) lipids and (ii) of different media (MES buffer pH 5.5, MES buffer pH 5.5 containing 150 mM 
NaCl and HEPES buffer pH 7) on a-synuclein-membrane interaction. The N-terminus of the protein 
is in contact with the membrane of anionic vesicles in an a-helical conformation for all the lipid 
compositions, as confirmed by 1H- and 15N-NMR and CD experiments, respectively. FCS showed that 
the presence of anionic lipids in the vesicles reduces the diffusion time of free a-synuclein due to 
binding to the vesicles. The latter parameter was evaluated quantitatively on supported lipid bilayers 
(SLBs) using QCM-D and TIRF fluorescence microscopy. The QCM-D experiments showed that the 
binding was stronger for SLBs containing PS and at pH 5.5 without added salt. TIRF studies 
highlighted that the mobility of the protein and its adsorption to the SLB is reduced by increasing 
the pH of the buffer for each lipid composition.  

These investigations can shed light on the influence of lipid composition and pH on the lipid-
 a-synuclein interactions and thereby understanding the phenomena occurring in vivo. 
  
Keywords: lipid-protein interaction; a-synuclein; fluorescence microscopy; QCM-D. 
 
 

 
Figure 1. Cartoon showing the combinatory approach to investigate on the features of the a-synuclein-lipid bilayer 

systems. 
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Microbial amphiphiles, known as microbial biosurfactants, are key molecules for the future of 
surfactants and amphiphiles, not only for their sustainable process of synthesis and production, but 
also for their chemical functionalities. Due to more and more stringent EU regulations, multinational 
chemical companies like Evonik and BASF [1] develop strategic production and partnerships for a 
long-term investment in this field. Why? 

Their phase behaviour in water is both rich and astonishing because of their responsiveness to 
external stimuli. [2] Introducing responsive chemical groups in classical amphiphiles generally 
requires a tedious number of chemical steps, while microbial biosurfactants naturally have freely 
accessible chemical functions, which can be exploited as such but also further modified through very 
simple chemical steps, so to broaden the family of active compounds.[3] 
 Knowledge of the phase behavior and solution properties of surfactants is critical to conceive 
their application plan, as done for classical surfactants and lipids in the past fifty years. However, 
study of the phase behaviour of microbial biosurfactants is only a recent trend in the field. [2] 
 This presentation proposes a broad overview in terms of phase behavior and properties of the 
most common microbial biosurfactants (rhamnolipids, sophorolipids, cellobioselipids, 
mannosylerythritol lipids, surfactin) in water (Figure 1). It will be shown how, due to the dual 
surfactant/lipid nature of these molecules, the most common approaches employed to predict the 
self-assembly properties of surfactants and amphiphiles are of limited use. It will finally give some 
perspectives and hints towards the building of microbial biosurfactants derivatives of higher 
complexity and functionality. 
 
Keywords: Biosurfactants, Microbial amphiphiles, Microbial Surfactants 
 

 
Figure 1. Microbial amphiphiles, complex phase behavior for natural molecules 
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Protein-containing nanoparticles are attractive as carriers of drugs and nutrients because they are 
biocompatible, metabolizable, biodegradable and nontoxic [1]. Among the conventional preparation 
methods of protein nanoparticles e.g. desolvation, electrospraying and emulsion solvent 
evaporation, electrostatic complexation with polysaccharides shows great potential [2] as it is based 
on self-assembly without involving any chemical reactions. Stability under changes of the pH (where 
protein and polysaccharide repel each other) is an issue for the integrity of the nanoformulations. A
recently suggested biocompatible methodology is the thermal treatment of the protein-
polysaccharide complexes in conditions of electrostatic attraction [2-4]. These complexes retain 
their integrity upon pH increase as thermal denaturation creates protein-protein associations. In 
this presentation the stimuli-responsive nanoparticles of bovine serum albumin with chondroitin 
sulfate [2], the curcumin-encapsulating bovine serum albumin-xanthan gum nanoassemblies
(Figure 1) [3], the nanoformulations of the blood-clotting and wound-healing agent fibrinogen with 
hyaluronic acid [4] and related work-in-progress will be discussed. This research demonstrates that 
the ability of several proteins to self-assemble upon thermal treatment can be controllably
employed to prepare multifunctional protein-polysaccharide nanovehicles for bioactive 
compounds.

Keywords: complexation; thermal treatment; BSA; fibrinogen; xanthan; curcumin; β-carotene

Figure 1. Curcumin-loaded XG-BSA nanoparticles preparation [3].
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Resveratrol, a well-known phenolic compound, displays plenty of health-promoting functions, such 
as anti-oxidant, anti-microbial, anti-inflammation, anti-carcinogenic, etc. However, its therapeutic 
efficacy is restricted by its low solubility in aqueous media and consequently in biological fluids. In 
particular, its bioavailability has been reported as lower than 1% because of first-pass metabolism 
and rapid clearance from the circulation, as well as interaction with enzymes, bile salts (BS) and 
mucosal barriers in the gastrointestinal tract [1]. 

One proposed solution towards optimising the bioavailability to show health benefits of 
resveratrol consists of encapsulating the bioactive agent into negatively charged, BS-containing 
liposomes. Through electrostatic repulsion, these BS/lipid vesicles are thought to stabilize the bilayer 
against intestinal BS adsorption and subsequent digestion, ultimately leading to a slower vesicles-
to-mixed micelles transition and enhanced delivery of resveratrol [2]. 

In this study, resveratrol (0.100 and 0.133 mM) was incorporated in 1-palmitoyl-2-oleoyl-sn-
glycero-3-phosphocholine (POPC, 10 mM) vesicles containing different concentrations of sodium 
cholate (5.0, 7.5 and 10 mM), which were prepared using the thin-film hydration followed by 
sonication/extrusion method. The structure of these formulations was characterised by combining 
light scattering and small-angle X-ray scattering, and their stability was investigated at both 4°C and 
20°C, by monitoring the evolution of their particle size, polydispersity and charge density over time.  

Structural studies reveal the presence of different phases composed of either micelles, vesicles 
or their mixtures, thereby demonstrating a BS-induced vesicles-to-micelles transition upon 
increasing BS concentration. During storage, resveratrol-incorporating BS/lipid vesicles were found 
to remain stable, displaying an average diameter of ~200 nm with a relatively low polydispersity 
(PDI<0.34) BS-containing liposomes exhibit a high potential as novel carriers of phenolic 
compounds. 
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Levan is a polysaccharide composed of a varying number of β-(2,6) linked D-fructofuranose units 
with β-(2,1) branching [1]. Although naturally occurring as a component of certain bacterial 
protective biofilms, current state of the art allows its high-yield production followed by suitable 
purification [2]. Its biocompatibility, thermostability, somewhat amphiphilic nature and the 
abundance of hydroxyl groups ready for bonding, makes it a potential stabilizer of colloidal 
systems.  

In order to expand the loading portfolio of levan’s self-assembled nanoparticles, this work 
investigated four types of in-house obtained biopolymers: low vs. high molecular weight levans 
from Bacillus licheniformis NS032 strain, along with their modifications with octenyl succinic 
anhydride (OSA). Series of levan dispersions (0,01-0,6% w/w) were prepared in vehicles 
potentially relevant for parenteral formulations (containing highly purified water, tonicity 
adjusting agents and/or a preservative) and submitted through analysis of nanoparticle size, zeta 
potential and scattering intensity (Dynamic Light Scattering, DLS). Mathematical modeling of the 
obtained data revealed 0,05-0,06% (w/w) as critical aggregation concentrations (CACs) of the 
investigated levans, representing the concentrations attributed with controlled mobility of the 
polysaccharide chains within the self-assembly process. Although all of the obtained nanoparticles’ 
sizes were well below 200 nm, the addition of sodium-chloride as tonicity agent significantly 
decreased these values (to ~124 nm for native and ~135 nm for OSA-modified levans) compared to 
glucose as a nonelectrolyte excipient, affecting also their zeta potentials. The aggregation constant 
of the obtained nanoparticles was monitored via enthalpy/entropy of the system using Differential 
Scanning Calorimetry (DSC). 

If taken that CAC may also be one of the vital parameters of levan nanoparticles 
biodistribution, the obtained nanoparticles show potential for satisfactory intracellular uptake of 
their encapsulated cargo, particularly by transporters specifically interacting with sugars, such as 
Glut5 overexpressed in cancer cells. 
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Cyclodextrins (CD) are cyclic oligosaccharides playing an important role in the self-assembly of 
amphiphiles. The hollow shape structure of the molecules provides unique physicochemical 
properties, including the ability to form host-guest complexes. The high relevance in different fields, 
responsiveness to different stimuli, wide variety, versatility, and availability, make the surfactant 
molecules attractive host candidates [1]. Polyoxyethylene alkyl ether carboxyl acids (CiEjCH2COOH) 
are an interesting class of surfactants to integrate the complex systems due to their pH and thermo-
responsiveness [2]. The surfactant-CD inclusion complexes tend to form highly ordered 
supramolecular aggregates with desirable versatile characteristics for numerous applications, such 
as cosmetics, food, medicine, pharmaceutical, and nanotechnology industries [3]. 

Investigation of the inclusion complexes of C12E5CH2COOH and C12E10CH2COOH and α and β-
CD in aqueous solutions was performed by ITC, DSC, and densitometry, and the structural 
characterization of their assemblies was conducted by small-angle neutrons scattering (SANS). The 
spontaneous formation of the host-guest complexes and their assembly as building blocks of large 
supramolecular aggregates with rich structural behavior was verified. The degree of ionization of the 
surfactant, temperature, and concentration of each component strongly affect the microstructure, 
mainly in terms of size and long-range ordering of the assemblies. The formation of well-layered 
structures exhibited long-range order in the most concentrated systems with ionized surfactant. The 
analysis also allowed an insight into the effect of the number of ethylene oxide units and CDs features 
in the formation and topology of the novel aggregates. Moreover, the low toxicity and 
biocompatibility of the assemblies open a wide scope for many applications. 
 
Keywords: Surfactants, Cyclodextrin, Inclusion complexes, Self-assembly. 

 
 
 

Figure 1. Representation of the inclusion complex formation and supramolecular structures arising from the self-
assembly. 
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Perfume encapsulation is a key challenge for industry due to the volatile nature of most perfume raw 
materials, their low solubility in water and their sensitivity to light and oxygen.[1] Currently, there is 
the need of moving to new, more sustainable perfume encapsulation approaches that require less 
energy and an improved environmental profile. In this work, we use Soluplus, or PEG-g-(PVAc-co-
PVCL), a bio-compatible amphiphilic graft copolymer, as perfume encapsulation vector by taking 
advantage of its self-assembly properties. Seven perfume molecules (2-Phenyl ethanol, L-Carvone, 
Linalool, Florhydral, Citronellol, α-Pinene and R-Limonene) with different hydrophobicity 
expressed by their octanol/water partition coefficients (log Kow) have been used. Characterization of 
the formed nano- or micro-structures was carried out using small-angle neutron scattering (SANS), 
confocal laser scanning microscopy (CSLM) and confocal Raman microscopy. Our studies showed 
that Soluplus can be successfully used as an encapsulation vector for a set of seven different perfume 
raw materials covering a good log Kow range. The chemical nature of the perfume molecule found to 
play a key role and lead to the formation of a variety of encapsulation structures. By simply changing 
the perfume molecule, encapsulation could be achieved in the form of micelles, micro-capsules, 
polymersomes or polymer/perfume aggregates like oil-in-water emulsions (Figure 1).  
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Figure 1. Raman microspectroscopy 2D mapping of two micro-capsules formed by Soluplus/perfume/water (5/1/96 

%w/w) where perfume is A: Florhydral or B: Linalool. Raman mapping was obtained from the relative intensity of the 
aromatic ring stretch band (1000 cm-1) or the C=C stretch band (1639 cm-1) of Florhydral or Linalool respectively. 
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Environmental sustainability is one of the key targets of current political, technological and scientific 
action, driving the development of new strategies to remove pollutants, reduce the waste and replace 
the toxic chemicals with eco-friendly alternatives. The increased demand for raw materials, and the 
simultaneous shortage of them, prompts fine industry to choose bioinspired and/or bioderived 
components for the eco-design of chemical formulations [1].  
In this framework, biosurfactants are taking high visibility as potential substitutes of synthetic ones 
[2]. These molecules are produced by bacteria, yeasts, fungi and plants and present not only a 
favorable ecological profile but also appealing technological performances. Rhamnolipids are among 
the most studied biosurfactants, biotechnologically produced and commercially available. They are 
glycolipids composed by one or two rhamnose units, linked to one or two fatty acid chains. 
Rhamnolipids show high surface activity; for these reasons, they are promising raw material for 
innovative detergent formulations. In this perspective, the comprehension of their behaviour when 
mixed with other components generally included in in this kind of products is fundamental.  
In the present contribution we investigate rhamnolipids in mixtures with conventional surfactants. 
We consider both anionic (such as sodium lauryl ether sulfate, SLES) and cationic (i.e., 
cetyltrimethylammonium chloride, CTAC) surfactants massively used in detergent formulations. 
The mutual interactions determine the structural, dynamic and functional properties of these 
mixtures. Particularly, the strong synergism between the components determines the formation of 
bulky aggregates at low surfactant concentration. Our results contribute to build a scientific platform 
for the rational design of green formulations. 
 
Keywords: biosurfactant, rhamnolipid, mixed micelles, surface activity, green detergents, eco-
design  
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The circular model of social growth drives chemical industry to minimize wastage and maximize 
reuse, recycle and remanufacturing (3R). Formulation chemists have focused on the re-design of 
current products in an ecological perspective. 

Nature offers a guiding line for a new concept of formulation eco-design [1]. During evolution 
all living organisms have set up intra- and/or extra-cellular complex fluids, whose analysis in terms 
of the key concept typical of colloid science reveals unexpected analogies between biological and 
industrial fluids, highlighting the solutions nature has optimized to solve each functional problem. 

Bacteria regulate the properties of the extracellular matrix by releasing finely engineered 
(macro)molecules. Exopolysaccharides (EPS) are biopolymers acting as rheology modifiers. 
Diffusion and micro-rheology measurements show that the conformation of the EPS produced by 
Zymomonas mobilis, unlike other polymers, is almost unperturbed in the presence of ethanol [2]. 
For this reason, it is a perfect component of virucidal and bactericidal ethanol-rich formulations. 

Bacterial biosurfactants effectively replace synthetic surfactants. Being produced by organisms 
adapted to live in harsh environments, biosurfactants are less sensitive to changes of the solution 
conditions. Indeed, They are able to micellize at extremely high content of bio-ethanol and bio-
glycerol, naturally occurring co-solvents. Biosurfactants and EPS interactions dramatically affect the 
mixture structural and rheological properties. 

Overall, our results demonstrate that complex fluids naturally occurring in biological systems 
can be profitably used as models of new-generation chemical formulations. 
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The triglyceride aqueous interface has an important role in many processes, none more so than lipase 
activity. Lipases, such as Thermomyces lanuginosus lipase (TLL), are responsible for the degradation 
of triglycerides to smaller components, such as diolein, monoolein, glycerol and fatty acids. TLL 
attracts considerable interest in the food and pharmaceutical industries due to the catalytic behavior 
it possesses. While the TLL digestion of triglyceride films has previously been investigated [1], the 
influence of the reaction products on this process is poorly understood. 

This study utilized ellipsometry, QCM-D and ATR-FTIR to monitor the changes of a triolein 
film after exposure to TLL in TRIS buffer at pH 7 and 8.5; either side of the apparent pKa of the oleic 
acid product. These results are then compared with the TLL digestion of diolein and monoolein films, 
both of which are intermediate products of the triolein decomposition. The thickness, mass and 
elasticity of each film was continuously monitored over several hours enabling a detailed insight into 
the variations and similarities between the three lipids throughout the initial hydration and 
subsequent TLL digestion (Fig. 1). The influence of pH, and therefore the protonated state of the 
oleic acid product, is shown to have a significant impact on the physical changes and lipase activity. 
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Figure 1. The initial hydration presented as a swelling ratio (hydrated thickness/dry thickness) for (a) triolein, (b) 

diolein, and (c) monoolein films after exposure to TRIS buffer at pH 7 and pH 8.5 with the changes to the final hydrated 
swelling ratio of each film after the addition of 2ppm TLL presented in (d) triolein, (e) diolein, and (f) monoolein.  
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The lipid rafts model of a biological membrane has been introduced by Simons and Gerrit van Meer 
[1]. It is characterized by tighter lipid packing due to the enrichment of the membrane in 
sphingomyelin and cholesterol. Both components form a liquid-ordered (lo) structure, which is 
separated from liquid-disordered (ld) phase mainly composed of phospholipids [2]. These 
microdomains are able to anchor proteins in their structure and they are responsible for proper 
functioning of cells. 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) is one of the 
transmembrane proteins responsible for the production of cholesterol and its reductase (HMGR) is 
able to regulate cholesterol production cycle [3]. Proper work of this enzyme reduces the risk of 
hypercholesterolemia and cardiovascular diseases, which are the main cause of death nowadays. In 
order to counteract the increased production of cholesterol, statin drugs are used. They lower blood 
cholesterol level by inhibiting HMGR and their effectiveness depends on their physicochemical 
properties and interactions with cell membrane.  
 The presented studies show a relationship between the degree of hydrophobicity of three 
selected statins (pravastatin, fluvastatin and cerivastatin) and their interactions with lipid raft model 
(DOPC:Chol:SM) [4,5]. For this purpose, the Langmuir technique was used to prepare and 
characterize phospholipid monolayers at the air/water interface. Additionally, polarization 
modulation infrared reflection absorption spectroscopy (PM-IRRAS) was also employed to 
determine the drug localization in the membranes at the air-water interface. The organization of lipid 
raft models under influence of statins was imaged using Brewster angle microscopy (BAM).  

The effect of the drug on giant unilamellar vesicles (GUVs) and changes of the lipid structure 
over time were evaluated. It was shown that lipid rafts change when they are exposed to statins. and 
the changes are larger when more lipophilic statins are used. On the other hand, these more 
lipophilic statins are known to more effective as cholesterol decreasing agents. 
 The results of our studies reveal the specific nature of the interactions of cerivastatin with 
model membranes, which may explain the observed serious side effects of the therapy with this drug, 
which led to its withdrawal from the market.  
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Bicelles are self-assembled lipid objects composed of long-chain and short-chain lipids or 
detergents. The adopted morphology and size depend on numerous parameters (nature and 
concentration of the constituents, temperature), where one of the most important ones being the 
molar ratio of the constituents (qeff). In certain conditions, bicelles adopt a disk-like morphology, 
which make them a membrane mimic of choice, having both bilayer and toroidal parts presenting a 
high degree of curvature and a lipid-packing defect. Certain studies revealed that bicelles can also 
self-assemble in various structures, such as elongated cylinder, mixed micelles, or perforated 
lamella. We employed the well-described bicelle system made of DMPC/DHPC in the “isotropic 
regime” (qeff < 2.5) and developed a stochastic methodology allowing us to generate ab initio 
reconstructions of bicelle models under SANS and SAXS constraints. We observed that small 
bicelles (qeff < 1) are rather mixed micelles, while, for qeff between 1 and 2.5, bicelles tend to assume 
a perturbed disk-like structure with a DMPC bilayer thickness of ~42 Å. We argue that the present 
work reports valuable information about bicelle morphology especially in relation to modeling 
approaches involving analytic form factors, and will contribute to the SANS/SAXS modelling of 
peripheral or integral membrane proteins in interaction with such membrane mimics. 
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Figure 1. Shape reconstruction of DMPC/DHPC bicelles (qeff = 2.0) from SANS/SAXS data 
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A nanoscale study of the impact of redox conditions on surfactant adsorption is important for 
understanding the interfacial processes involved in the associated wettability variation for iron-
bearing sandstones. So far, this effect has only been observed at macroscopic scales with core 
floods [1].  

In this study, Atomic Force Microscopy (AFM) was applied to quantify the interaction forces 
between an iron-bearing sandstone, Bandera Brown, and an anionic surfactant, Sodium Dodecyl 
Sulfate (SDS), modeled by gold-coated AFM tips functionalised with sulfonate self-assembled 
monolayers (SAMs) of Sodium 11-mercaptoundecanesulfonate [C11H23NaO3S2]. The objective was 
to determine the impact of redox conditions on surfactant interactions when the sandstone is 
treated with a strong reducing fluid of Sodium Dithionite in brine, which would reduce any iron III 
ions to iron II, a state more representative of reservoir conditions. This enables accurate 
predictions of surfactant loss in laboratory experiments, ensuring effectiveness when applied to 
Chemical Enhanced Oil Recovery (cEOR) procedures, and potentially improving efficiency. 

Results comparing force interactions between the functionalised tips and sandstone surface 
in brine and in the reducing fluid demonstrate a significant decrease in adhesion of the model 
surfactant to the surface under reduced conditions, suggesting that iron III (iron in its oxidised 
state) on sandstone surfaces exacerbate the adsorption of surfactants. 
   
 
Keywords: Surfactants, Self-assembly, Wettability, Redox State, Atomic Force Microscopy. 
 
 

 
Figure 1. Representation of sulfonate SAM on a gold-coated AFM tip used to contact the sandstone surface. 

Acknowledgements: This work was funded by Shell Global Solutions International B.V., 
Amsterdam, The Netherlands. 
 
References 
[1] E. van den Pol, C.H.T. van Rijn, and J.G. Southwick, Alkali and surfactant consumption in 

sandstone outcrop rocks, IOR 2015 – 18th Eur. Symp. Improv. Oil Recover., 2015, 14–16.  

131



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

OP3.22
 

 
Surface-Induced Self-Assembly of Amphiphilic Block Copolymers: 

A Scalable Process Towards Functional Bilayer Thin Films 
 

Flávia Mesquita Cabrini1,2, Alliny F. Naves1, Martin Fauquignon2, Ludovic Belhomme1, 
Christophe Schatz2 and Jean-Paul Chapel1 

 
1Centre de Recherche Paul Pascal (CRPP), UMR CNRS 5031, Université de Bordeaux, 

33600, Pessac, France 
2Laboratoire de Chimie des Polymères Organiques (LCPO), Université de Bordeaux, 

Bordeaux INP, UMR CNRS 5629, 33600, Pessac, France 
 

Presenting author e-mail: flaviamcabrini@gmail.com 
 
Polymeric thin films have been widely studied for different applications ranging from the modulation 
of wettability to the development of stimuli-sensitive and controllable release systems.[1] Solid-
supported block copolymer bilayers are potential candidates for generating novel functional surfaces 
even so poorly investigated due to the scale-up limitation of the fabrication methods currently 
available. Herein, we report a robust bottom-up approach able to generate symmetrical and 
asymmetrical BC bilayers onto solid substrates of any size and shape.[2] 

The proposed two-step method relies on i) the formation of a first layer through the build-up 
of non-covalent interactions between the substrate and BCs in a non-selective solvent and ii) the 
triggered assembly of the second layer through hydrophobic interactions between free and grafted 
hydrophobic blocks once a critical water (selective solvent) content is reached (Figure 1). The proof 
of concept for symmetrical bilayers has been performed with polystyrene-block-poly(acrylic acid) 
onto primary amine-modified silicon wafers, resulting in 18-nm thick smooth and continuous 
bilayers. Asymmetrical bilayers were also successfully generated by adding a polystyrene-block-
poly(2-vynilpyridine) top layer onto a PS-b-PAA first layer previously prepared. Lastly, 5-nm gold 
nanoparticles (AuNPs) were loaded inside the hydrophobic reservoir generating 24-nm thick smooth 
and homogeneous bilayers, highlightening the potential of our method for the generation of 
functional coatings with reservoirs for active molecules. 
 
Keywords: Self-assembly, block copolymer, thin film, bilayer, functional coating. 
 

 
Figure 1. General scheme of the surface-induced self-assembly of amphiphilic BCs onto a flat substrate. 
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pH buffers play a very important role in controlling pH both in chemical and biological systems. 
Buffer activity is described by the Henderson-Hasselbalch equation pH=pKa+log [A-]/[HA], by 
which different buffers with similar pKa values can be used to obtain the same bulk pH. In the 
presence of a (bio)interface, the surface charge is regulated by proton binding equilibria. That is, 
there is a direct correspondence between H+-dependent surface charge and the bulk pH controlled 
by buffer species [1].  
Surface charge plays a fundamental role affecting interfacial forces such as protein-protein 
interactions. However, it is only seldom recognized that buffer ions can adsorb at the interface and 
thus modulate the surface charge and, more importantly, the interactions. Hence, different buffers 
can result in different protein-protein interactions even at the same bulk pH. We call this 
phenomenon the “specific buffer effect” (SBE). SBE has not been described by any theory yet.  
This work aims to present some recent experimental results that confirm the existence of SBE for 
biomacromolecules. For example, protein-protein interactions were characterized by means of the 
interaction parameter kD obtained from plots of diffusion coefficients at different protein 
concentrations (Dapp = D0[1 + kDCprotein]) via dynamic light scattering [2]. The obtained results agree 
with recent findings confirming the need of a new theory which goes beyond the simple Henderson -
Hasselbalch equation, to describe buffer activity at interfaces.  
 
Keywords: Specific buffer effects; biointerfaces; surface charge; dynamic light scattering; 
interaction parameter. 
 

 
Figure 1. It Specific buffer effects on protein-protein interactions. 
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Among the several compounds protecting the outermost surface of mammalian hair, the branched 
fatty acid 18-methyl eicosanoic acid (18-MEA) is the most abundant and the most intriguing as the 
precise function and role of positioning of its isopenultimate methyl branch is still debated. One 
suggested reason for its structure is the decrease in melting temperature that would result - without 
the introduction of a double bond which is otherwise inherently prone to oxidation. In addition, a 
decreased packing density compared to the straight chain analogue has been proposed to better cor-
respond to the limited number of binding sites on the underlying protein matrix 

Figure 1: Artists impression of the self assembly

These hypotheses remain just that; hypotheses. Irrespective of the true role(s) of the methyl branch 
the orientation of these molecules in films should be important for their biological function.  Using 
these molecules and their analogues, it is shown that the air–liquid interface can be made to display 
the same rich curvature phenomena as common lyotropic liquid crystal systems. Through mixing an 
insoluble, naturally occurring, branched fatty acid, with an unbranched fatty acid of the same length, 
systematic variation in the packing constraints at the air–water interface are obtained. The combi-
nation of AFM and neutron reflectometry is used to demonstrate that the water surface exhibits sig-
nificant tuneable topography. By systematic variation of the two fatty acid proportions, ordered ar-
rays of monodisperse spherical caps, cylindrical sections, and a mesh phase are all observed, as well 
as the expected lamellar structure. The tuneable deformability of the air–water interface permits 
this hitherto unexplored topological diversity, which is analogous to the phase elaboration displayed 
by amphiphiles in solution. It offers almost limitless possibilities for the tailoring of nanostructure. 
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Nanobubbles (NB) can be used as a contrast agent for medical ultrasound imaging. The 

performance of NBs can be tuned by changing the shell viscoelastic properties. Accordingly, we 
examined the effect of Pluronic on the acoustic response of lipid-stabilized C3F8 NBs.  

NBs were formulated as previously described [1] but with the inclusion of Pluronic (L61, L62 
or P85, Fig. 1A-B) at different phospholipid:Pluronic ratios (1:10 and 1:100). NB size and 
concentration were characterized by resonant mass measurement.  For acoustic, NBs were imaged 
for 500s, using a clinical US system in nonlinear imaging mode (12 MHz, MI: 0.1, 1 fps). Surface 
tension was determined using bubble profile analysis tensiometry from a C3F8 rising bubble.  

Results show that an increased number of PEO segments and Pluronic MW reduced bubble 
size and yield: P85, smallest NB size and yield divided by 10 fold (Fig 1C). The addition of Pluronic 
significantly decreased surface tension to 38-45 mN.m-1 (Fig 1D). L61 increased the initial US signal 
intensity (18 dB) (Fig 1E) and exhibited a signal decay of only 20%, against 34% for P85 after 8 min 
of US exposure (Fig 1F-G). The influence of Pluronic on US response is directly link to its impact on 
the shell stiffness, which has been estimated on Pluronic MBs (~3 µm) using broadband US 
attenuation measurements (2-20MHz) at 5 kPa (linear oscillation regime). P85 MBs exhibiting the 
lowest stiffness and the least stability results concordant with the surface tension measurements.  
L61 appears to be the best candidate for the enhancement of imaging properties of NBs. However, 
P85 NBs/MBs may be suitable for imaging purposes where fast washing out of contrast agent is 
desired after target localization prior to the therapeutic contrast agent administration and therapy. 
 
Keywords: Nanobubbles, Microbubbles, Pluronic, Ultrasound, Attenuation  
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 1.  Pluronic (A) structure and (B) properties. (C) NBs size, (D) surface tension at C3F8/water interface, (E) Initial 
US signal intensity at t=0, and (F) remaining signal after 8 min as a function of Pluronic MW for 1:10 and 1:100 molar 
ratio. Gray area corresponds to plain NBs. (G) Signal intensity over time of Pluronic NBs for 1:10 and 1:100 molar ratio 
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The properties of foams are interesting in a multitude of applications in different fields, for exam-
ple in food technology, firefighting and in personal care products. To understand the properties of 
macroscopic foams such as stability, it is important to investigate its building blocks – the so-called 
foam films, which separate the air bubbles from each other. A widely known foam-stabilizing protein 
is β-Lactoglobulin which appears naturally in milk and is responsible for milk froth.

Rheological properties of β-Lactoglobulin foams strongly depend on the pH. Engelhardt et al. 
[1] observed an asymmetric behavior in rheometric properties for the whole investigated pH range 
and a maximum in the surface layer thickness around the isoelectric point at pH = 5.

To investigate the reason for this, more insights in the foam film properties are needed. There-
fore, we use a camera based thin film pressure balance, in which the foam film thickness is measured 
interferometrically in dependence of the applied pressure. With this setup we study protein and 
particle stabilized foam films in terms of disjoining pressure inside the foam films, drainage kinet-
ics, and foam film stability. Spatially resolved film thickness gives insights into agglomerate and 
network distributions. The comparison between β-Lactoglobulin and similar sized silica nanosphere 
stabilized foam films allows to distinguish between steric stabilization effects caused by the particles 
spherical shape and protein specific stabilization effects.

Keywords: foam stabilization, thin foam films, disjoining pressure, thin film pressure balance,
β-Lactoglobulin

Figure 1. Thin foam film of β-lactoglobulin (c = 10-6 M, pH = 5.0) in natural color representation 
(left) and in false color representation indicating the spatially resolved film thickness (right)
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Antimicrobial peptides (AMPs) are characterized as small, cationic peptides which, as the name 
suggests, show antimicrobial properties; something that has received considerable attention in 
recent years. These peptides can, according to structure, be classified into four different groups: 
extended AMPs, b-hairpin or loops, b-sheet, and amphipathic a-helical [1-2]. In this work the focus 
is directed at the extended AMPs with sequences rich in glycine, arginine or histidines, with little or 
no secondary structure [1]. As a model peptide we are working with the histidine rich, intrinsically 
disordered peptide Histatin 5 (Hst5), a small saliva peptide of 24 amino acids with a net positive 
charge. The sequence consists of seven histidines and is known to have antimicrobial properties and 
it acts as the first defense against oral candidiasis caused by Candida albicans [3]. Hst5 has been 
studied by our group over the past ten years and is well characterized in bulk conditions. We now 
wish to move further and characterize the peptide in vicinity of a solid surface as well as lipid bilayers 
to understand the structure-function relationship. In a previous study [4] we have shown that Hst5 
can traverse the solid supported bilayer at low ionic strength without disrupting the internal 
structure of the bilayer. However, at physiological ionic strength, the peptide penetrates and resides 
both within the bilayer, as well as below it. Our hypothesis is that the number of histidines in the 
sequence is important for the mechanism of interaction, due to its possibility to charge titrate and 
charge regulate [5]. To investigate this, a number of variants have been designed, and the interaction 
with a negatively charged phospholipid bilayer is investigated using surface active techniques such 
as neutron reflectivity and QCM-D, complemented with atomistic molecular dynamics simulations.   
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This work studies protein enrichment in the flotation process as a promising purification technique 
for biomaterials [1]. We performed flotation tests in a lab-scale flotation cell (Figure 1-left). Bovine 
Serum Albumin (BSA) protein was used in the tests with concentrations of 0.1, 0.25 and 0.5 mg/ml. 
The bubbles were produced in the size range of 0.55-0.65 mm by passing air through a porous glass 
disc from the cell bottom and the foam forms at the cell top. The foam flows over the weir and is 
collected at the outlet for further analysis. We additionally used profile analysis tensiometry (PAT) 
to study the dynamics and irreversibility of BSA adsorption on the surface of rising bubbles. The 
flotation results show a more stable foam at higher BSA concentrations leading to more liquid 
recovery at the outlet. However, a lower concentration of 0.1 mg/ml led to the highest enrichment 
(Figure 1-right). This was due to the lower foam stability for initial BSA concentration of 0.1 mg/ml. 
The rapid foam coarsening resulted in larger bubbles at the foam top. The larger bubbles, in turn, 
resulted in an accelerated liquid drainage in the foam and a dryer extract at the outlet. We also 
performed a 1-dimentional simulation of the flotation process in the cell by solving the liquid 
drainage equation in the foam [2] using finite difference method. For the modeling, the BSA 
adsorption on rising bubble was estimated using flow on bubble tests in PAT. The modeling predicted 
the liquid recovery and average outlet concentration of the flotation tests well within a reasonable 
error range. The modeling does not require any tuning parameters and can be further used for up-
scaling purposes in protein flotation. 
Keywords: Protein, foam, flotation, adsorption, modeling  
 

  

Figure 1. Left: Flotation cell picture, and right: Recovered liquid vs time (lower row) and outlet concentration of BSA 
in the flotation experiments (upper row).  
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Little is understood about the driving forces responsible for bio-nano interactions and how the 
characteristics of the surrounding system affect them. One aim of our work over the past few years 
has been quantifying protein adsorption onto magnetic nanoparticles in different biological 
suspensions to develop a platform for different types of bioseparations. Bare iron oxide nanoparticles 
(BIONs) are of particular interest as protein carrier material [1] because of their unique properties: 
fast and simple low-cost synthesis, high surface reactivity, high surface-to-volume ratio and 
superparamagnetism.  Based on research with amino acids [2] and short peptides [3], we have 
developed tags to selectively bind proteins to the BIONs [4] and have shown that magnetic 
separation can be applied on a large scale.  

Almost 15 years after coining the term “protein corona”, some insight into the behavior of 
protein coronae from blood serum or plasma onto different materials has been gained; however, 
what is known about all other coronae, the coronae from other cellular systems? Exciting recent 
experimental data on the high adsorption capacity of several proteins from complex biotechnological 
mixtures onto BIONs demonstrate the high protein separation efficiency of the nanoparticles even 
at high salt concentrations. We are currently expanding our research from the protein corona to a 
more general biocorona, as other types of bio(macro)molecules, as well as smaller molecules and salt 
ions, also interact with the surface [5]. We see our work as a necessary step beyond the study of model 
systems to investigating complex, real samples and ultimately to establishing magnetic separation 
using nanoparticles as a “workhorse” for biomass fractionation in biotechnology and many other life 
science sectors.  
 
Keywords: bio-nano interactions, magnetic nanoparticles, biocorona, complex systems, colloidal 
stability, biomass fractionation 
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When nanomaterials are put in contact with living organisms, their interaction with 
biomacromolacules and biological barriers will determine their bioactivity, biological fate and 
cytotoxicity. Therefore, understanding the interaction of nanoparticles with biological interfaces is 
vital to fill the gap between design/synthesis/engineering of nanomaterials and their full translation 
into end-use applications.  

In recent years lipid-based synthetic membranes have been extensively used to mimic natural 
interfaces under highly controlled and simplified conditions with the aim to identify key 
determinants in nano-bio interactions [1,2]. While the vast majority of investigations focus on flat 
model membranes, far less attention is given to curved bilayered structures, which are however 
surprisingly common in Nature.  

Here, we address the interaction of inorganic NPs with biomimetic membranes of different 
symmetry, i.e. flat membranes (of 2D symmetry), and cubic membranes (of 3D symmetry) [3]. With 
a library of gold NPs of different surface coating and symmetry, we explore the effect of NPs and 
target membrane topological features in driving their interaction. Through an ensemble of structural 
techniques (SAXS, GISANS, Neutron Reflectometry), we found that, on a nanometric lengthscale, 
the structural stability of the membrane towards NPs is dependent on the topological characteristic 
of the lipid assembly and of the NPs, with higher symmetry related to higher stability. Moreover, 
Confocal Microscopy analyses highlight, on a micrometric legthscale, that cubic and lamellar phases 
interact with NPs according to two distinct mechanisms, related to the different structures of lipid 
assemblies.  

This study represents a first attempt to systematically study the role of membrane symmetry 
on the interaction with NPs; the results will contribute to improve the fundamental knowledge on 
nano-bio interfaces and, more in general, will provide new insights on the biological function of lipid 
polymorphism in interfacial membranes as a response strategy. 
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SARS-Cov-2, the virus that causes COVID-19, spreads primarily through the airborne transmission 
of aerosols and droplets that are produced upon sneezing, coughing, or speaking [1]. The physical 
mechanism of droplet formation during sneezing has been previously documented, revealing that 
saliva is initially expelled as a flat sheet, which destabilizes into holes and filaments that subsequently 
break up into droplets [2]. Approximately 0.3% of the total salivary mass is composed of mucins, a 
high molecular weight protein that provides the major physical properties of mucus [3]. The 
viscoelastic character of the mucins has a strong effect on the generation of aerosols during sneezing, 
since enhanced elasticity stabilizes thin fluid filaments and retards the onset of droplet formation. 

The aerosol formation process during sneezing is systematically replicated using an impinging 
jet setup, whereby the collision of two liquid jets forms a thin fluid sheet that can subsequently 
fragment into ligaments and droplets [4,5]. Experiments are conducted with human saliva provided 
by different donors, and the resulting sheet morphologies are compared to Newtonian solutions and 
low-elasticity shear thinning solutions. We quantify the effect of viscoelasticity via oscillatory shear 
and extensional rheology experiments. Due to the radial flow profile that is established within the 
sheet, extensional stresses dominate over shear stresses.  

We summarize our results in terms of the dimensionless Weber, Reynolds, and Deborah 
numbers. We find that for a given solution, the transitions to ligament and droplet formation are 
primarily determined by the Weber number. The magnitude of this transition Weber number is 
directly correlated to the solution’s Deborah number. This is particularly relevant for human saliva, 
since the Deborah numbers among donors can differ by up to two orders of magnitude. Thus, higher 
ejecta velocities and diminished saliva elasticities facilitate the formation of aerosols upon sneezing. 
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To evaluate the role of surface in the transmission of respiratory virus, in particularly SARS-CoV-2, micro-
droplets of artificial saliva (approximate diameter 10 μm) were generated using an advanced inkjet printing 
technology to replicate the aerosol droplets, and were subsequently deposited to five substrates that are com-
monly in contact with human. The droplets were found to evaporate within a short timeframe (less than 3 
seconds), which is consistent with previous reports. Both fluorescence microscopy and atomic force micros-
copy were used to characterise the droplet nuclei formed. We found that droplets of 10 μm diameter (or less) 
would form a solid nuclei on a surface, independent of the surface characteristics, which clarifies the antiviral 
surface strategies towards small droplets. It is worth noting that the interfacial energy does influence the 
characteristics of the resulting nuclei: droplets of artificial saliva would spread on substrates of high surface 
free energy (SFE) before forming a nuclei, but result in a nuclei of minimal dimension on substrates of low 
SFE. Nanomechanical measurements confirm that the nuclei possess similar surface adhesion (~20 nN) and 
Young’s modulus (~4 MPa), except the high adhesion acquired on stainless steel. We would like to argue that 
interfacial details of proteinaceous droplet is much more complex than that of pure solvent, which is affected 
by the characteristics of the solid substrates.

Keywords: Surface, transmission, SARS-CoV-2, microdroplet, nuclei, nanomechanics
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SARS-CoV-2 is transmitted through virus-loaded aqueous droplets generated through sneezing, 
coughing, speaking or breathing, which may reach directly another host or indirectly after being 
deposited on a surface. These droplets are complex fluid containing water, electrolytes, proteins and 
lipids. Following their generation and expulsion, these droplets undergo drying as water evaporates, 
this affects their life time in the air before settling. It will also impact the virus location within the 
droplets and its accessibility.  

However, respiratory fluids have been mostly modelled as pure water to assess their 
evaporation in expelled aerosols. This simplification may be problematic on three different facets. 
Firstly, transport coefficients may be drastically reduced around water-poor structures, or “crusts”, 
which can change both the evaporation kinetics and its environmental dependence. Secondly, a finite 
droplet size exists due to the presence of solute, whose size determines the settling time at 
equilibrium and yields the osmotic conditions in which viruses are placed. Thirdly, viruses may 
distribute inhomogeneously due to concentration gradients within the droplet. 

Here, we investigate these three aspects using human saliva, model viruses and experimental 
drying setups with an in-situ Raman imaging. In capillary channels, we monitor composition 
gradients while systematically varying relative humidity, temperature and key composition. We 
observe similarities between the drying saliva and other complex fluids[1] such as polymer solutions, 
notably a weak dependence on the relative humidity and collapsing diffusion coefficients in the driest 
region of the gradient. We determine the sorption isotherm to obtain both the equilibrium size and 
the osmotic pressure experienced by viruses. Using these resulting transport coefficients, we model 
saliva aerosols evaporation, to assess the conditions in which crust formation can impact evaporation 
kinetics. Overall, we provide some guidelines about transmission efficiency as a function of droplet 
size, air humidity and temperature. 
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Respiratory fluids are key carrier media for viruses such as SARS-CoV-2. Following their expulsion 
through sneezing, coughing, speaking or breathing, they dry in air. These fluids are aqueous 
solutions of solutes such as electrolytes, proteins and lipids. Therefore, water evaporation from these 
fluids will differ from that of pure water, as concentration gradient may develop and a finite droplet 
size is reached at equilibrium. Furthermore, experimental measurements of droplets in aerosols are 
highly challenging, which supports a theoretical approach based on realistic transport coefficients.   

We thus first developed an experimental strategy to monitor in millifluidic channels 
concentration gradients forming during water evaporation, using confocal Raman microscopy. We 
also determine the activity-concentration relationship using sorption measurements. We then solve 
the non-ideal diffusion-advection equation to obtain concentration-dependent diffusion coefficients. 
We used both simple linear PNIPAM solutions and different human saliva to investigate the generic 
drying behavior of respiratory fluids. 

We then develop a numerical model with these realistic coefficients as input in order to predict 
both evaporation and sedimentation time of respiratory droplets in air, as a function of 
environmental variables, composition variations and droplet size. 
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The novel coronavirus SARS-CoV-2 emerged in December 2019 as a human pathogen that causes 
the COVID-19 pandemic. In an unprecedented effort, the scientific community has been able to rap-
idly obtain hundreds of experimental structures and atomistic models related to the SARS-CoV-2 
virus that can be found in relevant databases such as the Protein data Bank. In our group, we are 
employing these structures in order to understand the interaction of the virus with materials surfac-
es and interfaces [1,2]. At the present time, there is a lack of fundamental understanding about the 
principles governing he interaction of enveloped viruses (such as SARS-CoV-2) and surfaces. This 
is a topic of fundamental importance, given the role of interfaces in many aspects of virus transmis-
sion, from filters and face masks to surface contamination. Since the interaction of the SARS-CoV-2 
virus with the environment is mediated by its large protruding spike S protein that covers the viral 
particle (hence the name “corona”), we have considered the interaction of the S protein (protruding 
from a virion) with different materials.

In this contribution, we will present our results concerning the interaction of the S protein 
with common materials such as cellulose and graphite and also with models of human skin. We 
found that graphite substantially deforms the S protein. On the contrary, the S protein adsorbs over 
cellulose with little deformation, by forming hydrogen bonds between its receptor binding domain 
and adjacent residues and the cellulose (some of them mediated by hydration). In the case of human 
skin, there is a substantial difference depending on whether the skin is covered or not by sebum. S 
protein has little interaction with the sebum covering certain regions of the skin but it is able to ad-
sorb (by forming hydrogen bonds) with lipids exposed in the skin (in absence of sebum). Comparing 
the results for this diverse set of surfaces, we can asses the relative role played by hydrogen bonding, 
wettability, hydrophobic effect and other factors in the interaction between S and surfaces.
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Lipids are macromolecules with rich polymorphism that results in a wide range of possible 
supramolecular aggregates, mainly influenced by the lipid class and packing parameter which 
determine the possible values of interfacial curvature. Such systems can be broadly differentiated in 
two large categories, lamellar and nonlamellar lipid structures. 

Notably, a rich variety of biocompatible nanosystems can be obtained from natural lipids. The 
nanosystems prepared through this procedure present the advantage of increased carrier-target 
biocompatibility and are suitable to encapsulate poorly water-soluble compounds, e.g. natural 
antioxidants [1]. 
 Here we present novel nanosystems obtained by lipid extraction from the marine microalga 
Nannochloropsis sp, that can be manipulated to preferentially accumulate different lipid classes 
depending on growth conditions [1]. This led to two slightly different in chemical composition but 
structurally distinct nanovectors series, one exhibiting complex nonlamellar symmetry, the other a 
more commonly found lamellar phase [2]. The nanostructures were characterized and evaluated as 
potential carriers for well-known lipophilic antioxidants (i.e. curcumin, tocopherol, piperine). The 
structural arrangement was studied by DLS, SAXS and Cryo-TEM. The cargo entrapment, the 
compound-carrier and compound-compound interactions and localization properties were 
investigated by spectroscopic and calorimetric techniques (UV–Vis, NMR and ITC, respectively) [1-
2]. 
 The physico-chemical characterization of the mesophases evidenced coexisting 
multicompartment nanostructures, with cubic symmetry for nonlamellar nanosystems and globular-
shaped for lamellar ones. Investigation of cargo localization showed that the loaded molecules played 
an active role in driving the interactions which characterize the supramolecular structures. Indeed, 
such compounds can intercalate in lipid bilayers and interact with each other in this environment, 
generating synergist effects and interesting structure-function properties related to potential drug 
delivery with high efficiency. Moreover, both cargo and structure concurred in determining the 
release properties of the aggregates. 
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Hydrogels based on gelatin are extensively examined in fields such as tissue engineering or drug 
delivery [1,2] due to their high water content as well as their biocompatibility and 
biodegradability. [3] Depending on the origin of the biopolymer, gelatin has a net negative charge at 
neutral pH, which can also be preserved upon hydrogel formation. Thus, hydrogels based on gelatin 
can be used for the adsorption and release of cationic drugs such as metoprolol via ion exchange.  

In this work, the influence of the hydrogel morphology on the adsorption and release behavior 
of metoprolol was compared for both equilibrium and non-equilibrium conditions. Both foamed and 
non-foamed hydrogels were generated via UV-initiated radical cross-linking of methacryloylated 
gelatin. The structure of the foamed sample - i.e. the bubble size, the liquid fraction, and the pore 
opening size - was tailored by using microfluidic techniques [4,5].  

The adsorption and release behavior in equilibrium was examined by measuring adsorption 
and release isotherms. Here, no influence of the sample’s morphology could be observed. A 
maximum adsorption capacity of qmax ≈ 530 µmol g-1 was obtained and up to 100 % of the adsorbed 
drug could be released upon immersion into a salt solution. By contrast, the sample’s morphology 
had a pronounced effect on the kinetics (Figure 1), indicating that the adsorption and release rate 
can be controlled by adjusting the sample’s morphology.  
 
Keywords: metoprolol, porous hydrogel, adsorption and desorption 
 

 
Figure 1. Release kinetics of metoprolol from foamed (left) and non-foamed (right) hydrogels. 10 µmol mL-1 or 

1 µmol mL-1 sodium chloride solutions were used as release medium. 
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 The development of new drugs has increased steadily in the last decades. On the contrary, infections, 
caused by bacteria resistant to common antibiotics, have become a global healthcare problem [1]. To 
contrast antibiotic resistance, the use of drug delivery systems based on nanomaterials has been 
proposed [2]. Nanodevices offer smart options to deliver drugs exactly at the needed target in a slow 
and controlled fashion. However, nanosystems based on lipids or polymeric nanoparticles show 
often poor stability and a burst drug release [3]. Contrarily, mesoporous silica nanoparticles (MSNs) 
are very stable and, thanks to their ordered structure, high surface area (up to 1000 m2/g) and large 
pore volumes (1-2 cm3/g) that allow high drug loadings, have become among the most interesting 
nano-carriers for drug delivery [4-5]. 

Here, two drug delivery nanosystems, based on MSNs functionalized with triethylenetetramine 
(TETA), were studied for the adsorption and release of a sulfonamide drug (sulfamethizole) and a 
flavonoid drug (quercetin). The functionalization with TETA allowed, from one hand reaching high 
drug loadings and a sustained release and, on the other hand bringing a positive charge on MSN 
surface which should favor the interaction with the negatively charged bacteria membrane. MSN and 
MSN-TETA carriers were synthesized and characterized through TEM, SAXS, TGA, FTIR, N2-
adsorption/desorption isotherms, and zeta potential. The adsorption isotherms as well as the 
kinetics of sulfamethizole and quercetin adsorption together with release from MSNs was 
investigated. Finally, the antimicrobial effect of the released drugs toward the Gram-positive 
Candida albicans and Candida glabrata bacteria strains was studied. 
 
Keywords: MSN, drug delivery, Gram positive bacteria  

 
Figure 1. MSN and MSN-TETA as possible nanoantibiotics cargo for sulfamethizole and quercetin 
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Soft colloidal systems have been intensively utilized in pharmaceutics due to their prominent 
advantages including enhanced drug solubilization, ease of preparation and promoted absorption. In 
the present study biocompatible O/W microemulsions and nanoemulsions were developed with the use 
of “GRAS” ingredients in order to compare their properties and their ability for dermal delivery of  the 
anti-inflammatory drug ibuprofen. Both colloidal systems were based on water as the continuous phase, 
limonene as the dispersed phase and a mixture of pharmaceutically acceptable surfactants (Pluronic® 
L-35, Labrasol®, Tween 80). Chitosan has been also added in the systems in order to study its overall 
effect.  

Nanoemulsions were developed by high-pressure homogenization, possessing storage stability 
for 2 months. Dynamic Light Scattering (DLS) revealed the mean droplet diameter of the systems which 
did not alter upon addition of the drug. Electron Paramagnetic Resonance (EPR) spectroscopy was 
used, by means of spin probing technique, revealing a similar configuration for both systems: an outer 
compact and a more flexible inner one. Interestingly, microemulsions exhibited increased compactness 
in the area close to the surfactant’s polar head groups. Correlation with in vitro release studies of 
ibuprofen revealed that the mentioned configuration does not play a crucial role, as expected, but 
surfactant concentration and system’s viscosity are most important parameters. 

In vitro evaluation for cell viability was carried out by MTT assay towards human skin 
melanoma cell line WM164. The lower surfactant content of nanoemulsions made them more 
appropriate carriers in terms of biocompatibility. The effective release of ibuprofen was evaluated by 
performing ex vivo studies in porcine ear skin. In particular ex vivo studies revealed that both colloidal 
systems favor the topical delivery of ibuprofen while the hydration level and the droplet size of the 
nanoemulsions could be correlated to the effective penetration of the formulations through skin.  
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Due to its cardiotoxic side effects the encapsulation of DOX into nanosystems has been used in the 
last decades. Novel cell-penetrating peptides have showed enhanced accumulation of Dox in tumor 
regions. Cationic peptides are widely distributed and known as antibacterial or antimicrobial 
peptides due to their ability to permeabilize biological membranes. Snake venoms present a group 
of basic PLA2 and a naturally-occurring subgroup of these PLA2 myotoxins has been shown to be 
devoid of enzymatic activity due to critical amino acid substitutions [1]. Although in a murine model 
of subcutaneous solid tumor growth, the intraperitoneal administration of pEM-2 caused a tumor 
mass reduction which was of similar magnitude to that achieved by the administration of paclitaxel 
[2], the use of pEM-2 for DOX-loaded liposome functionalization is unknown. 

In this study, we synthetized DOX-loaded DPPC liposomes and developed an optimal 
functionalization with the short synthetic cationic peptide, pEM-2 (KKWRWWLKALAKK), derived 
from myotoxin II from snake Bothrops asper venom. 

The size distribution, polydispersity, Z potential and Dox encapsulation of either non-
functionalized or functionalized DPPC liposomes was monitored. Functionalized and non-
functionalized liposomes were assayed in HeLa cells to determine Dox release and cytotoxicity 
comparing the results with free Dox at different incubation times. 

Synthesis of DOX-loaded liposomes showed that the optimal concentrations of phospholipids, 
DOX and pEM-2 were 250µM, 8,4mg/mL and 1mg/L, respectively. The results showed that liposome 
functionalization with 0,6 and 6,5µmoles of pEM-2, increased Dox incorporation and cytotoxicity 
after 3h and 24h of incubation. Our results clearly show that the liposome functionalization with 
pEM-2 peptide increases delivery and cytotoxicity of Dox into HeLa cells. 

 
Keywords: Functionalized liposome; cell penetrating peptide; DOX-loaded liposome 
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This work concerns the importance of interactions in mixtures of soy phosphatidylcholine and 
glycerol dioleate which can form nonlamellar lipid liquid crystalline (LLC) phases. Mixtures have 
advantageously been used for long term drug release which aim to reduce the patient’s burden of 
administering medication daily and improve quality of life. For subcutaneous injectable LLC 
drugs/formulations, the knowledge is limited, and in vitro models generally are developed on a case-
by-case basis.  

Injection depot self-assembling characteristics that may affect in vivo behavior were 
investigated as a function of lipid type. The studied characteristics were hydration kinetics; self-
assembly properties; phase transitions. The system was characterized by Small Angle X-ray 
Scattering (SAXS), Karl Fischer titration and enzyme assays. From analyzed SAXS data and 
birefractive properties, a phase diagram was constructed where hexagonal and two cubic 
spacegroups were identified. From titration results and solvent release assays the swelling kinetics 
was investigated.  

By combining the results, the comprehension of the system has increased but with moving 
boundaries and several phase transitions before equilibrium, the system needs more observation to 
be fully understood. The results will be discussed in terms of how the characteristics of the system 
vary depending on change of the lipid matrix.  
 
Keywords:  Lipid liquid crystalline structure, Phase transitions, Moving boundaries  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. SAXS results for limited hydration of a 50/50 mixture of soy phosphatidylcholine (SPC) and glycerol 

dioleate (GDO) with increasing amounts of PBS buffer with pH 7.4. From the scattering data several phases can be 
identified, here hexagonal, cubic (Fd3m) and cubic (Pm3n) were identified. 
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A critical consideration when using polymeric micelles and nanogels as carriers in biomedicine is the 
batch-to-batch reproducibility of the polymer preparation and its proper characterization. Issues 
such as variability in the polydispersity index or crosslinking degree of the materials and the analysis 
of side products incorporated in the polymers should not be neglected. Molecular nanocarriers are 
envisaged to benefit from the reproducible synthesis and characterization of their components and 
present improved biodisposition compared to polymeric particles. We have recently studied the 
preparation and characterization of molecular (non-polymeric) nanoparticles [1-3]. 

The introduction of disulfide moieties represents a customary strategy for preparing reduction-
sensitive nanoparticles, which release their load upon reaction with glutathione (GSH). Here we 
report a study on the aggregation of cationic and anionic bolaamphiphiles containing disulfide 
groups. Glutathione-responsive molecular nanoparticles are formed whose capability to deliver 
different actives in cells has been tested successfully.  

 
Figure 1. Left: Structure of the bolaamphiphile SuIleCsa and lipophilic dye DIOC6(3). Pictorial representation of micelle 
formation and GSH-promoted release of the dye. Right: TEM image of nanoparticles formed by SuIleCsa. 

Keywords: nanocarrier, stimuli-responsive, bolaamphiphile. 
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The addition of specific chemical groups in a macrocycle structure influences its functional 
properties and, consequently, can provide new possibilities, among which are self-aggregation 
properties, water solubility, biocompatibility, stimuli-response, biological activity, etc. Among the 
macrocycles, the calixarenes already play a significant role in the pharmaceutical field [1], since the 
wide possibility of their modification allows creating both drugs and drug carriers. Macrocyclic 
calixarene platform can be used as an initial component for modification by fragments targeting a 
cancer cell and sensitive to a cancerous environment. Amphiphilic calixarenes form biocompatible 
aggregates that can also perform encapsulating properties toward drugs, the release of which can be 
controlled. Regarding applications of resorcinarenes in drug discovery and drug delivery, these 
macrocycles are also non-toxic like calixarenes. In the present work, the self-assembly and biological 
properties of both pure amphiphilic resorcin[4]arenes and mixed systems based on this macrocycle 
and surfactant were studied. In the aqueous medium of these systems the different types of self-
assemblies were formed depending on the chemical structure of the lower rim resorcin[4]arenes. 
The encapsulation of drugs in the self-assemblies allows reducing the toxicity to healthy cells and 
increase drug activity towards tumor cells.  
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Latest cancer treatment solutions combine therapy and diagnostic imaging, aiming to maximize 
specificity and efficacy [1]. Additional benefits arise by utilizing multifunctional nanoparticles as 
carriers of bioactive compounds. Biological macromolecules like polysaccharides are ideal 
candidates for these applications, because of their intrinsic biocompatibility, biodegradability, and 
nontoxicity. One such intriguing example is glycogen, which is a highly branched polysaccharide of 
glucose, structured into roughly spherical nanoparticles [2]. 

In this work we investigate the interaction of (oyster) glycogen (Glyc) with CoFe2O4 magnetic 
nanoparticles (MNPs), towards the development of biocompatible stimuli-responsive nanocarriers. 
Dynamic and electrophoretic light scattering along with cryo-TEM measurements elucidated the 
aqueous solution behavior, size, morphology, structure and effective charge of the resulting 
formulations, at different MNPs contents. Their magnetophoretic behavior was monitored using a 
UV-Vis spectrophotometer and a neodymium permanent magnet, while pyrene fluorescence 
spectroscopy revealed the presence of hydrophobic domains within the nanocarriers. Moreover, 
their bio-applicability i.e., stability, interaction with biological media (FBS) and drug-loading 
capacity was also examined. 

Overall, the developed Glyc/MNPs nanostructures feature innate biocompatibility, seem 
suitable for blood circulation, respond to external magnetic field, and can be loaded with 
hydrophobic drugs. All these properties give them great potential as novel theranostic nanocarriers. 
 
 
Keywords: self-assembled nanostructures, glycogen, magnetic nanoparticles, theranostics 
 

 
Figure 1. Stimuli-responsive nanocarriers formulation scheme. 
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Theranostics is the term used to describe the combination of two functionalities in one package 
i.e. therapeutics and diagnostics. It is an emerging field of nanomedicine. One such approach is the 
use of nanocarriers in theranostics. Nanocarriers are able to target diseased areas within the body, 
thereby avoiding side effects to healthy tissues. Furthermore, nanocarriers can play an additional 
role in the monitoring of the drug delivery, release, and efficacy of treatment. 

The fluorine magnetic resonance imaging (19F MRI) techniques are valuable for non-invasive 
and non-destructive monitoring of fluorine specious e.g. drugs or nanocarriers. The advantage of 19F 
MRI comes from the fact that the 19F image is detected at a different resonance frequency than the 
1H image, moreover, zero background signal in the human body makes fluorine atoms a promising 
MRI marker. 

The aim of our work was to develop the method of formation fluorine-based theranostic 
multilayer nanocarriers. Multilayer shell of nanocarriers was formed via the layer-by-layer technique 
and saturation method on emulsion or polymeric core. Two various types of fluorinated compounds 
were selected for our investigation. Fluorinated polyelectrolyte Nafion was used for multilayer shell 
formation while fluorinated anticancer drug Fluorouracil was successfully encapsulated in the 
developed system. The surface of nanocarriers was modified for passive targeting (EPR effect) by 
pegylation of an external layer with pegylated polyelectrolytes. The proposed fluorine-based 
nanocarriers were tested as the 19F-MRI detectable drug delivery system. The results show the high 
anticancer activity of encapsulated drugs Fluorouracil and demonstrate that such nanoscale drug 
carriers might be observed/monitored by fluorine magnetic resonance imaging (19F MRI) serving as 
a novel, promising theranostic agent against cancer disease.  
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In the last few years, microgels have been used as carrier systems for different catalysts such as 
nanoparticles and organocatalysts [1-2]. However, the incorporation of metal complexes into 
microgels is still challenging.  

In our work, we present a general, alternative approach for the incorporation of copper 
complexes into microgels. The ligand bis(pyrazolyl)ethanamine (BPEA) was functionalized with 
glycidyl methacrylate (GMA) to obtain the new comonomer bis(pyrazolyl)methacrylate (BPMA). For 
the microgel synthesis, N-vinylcaprolactam (VCL) was used due to its biocompatibility and thermos-
responsiveness. Subsequently, PVCL based microgels with different amounts of BPMA (5, 10 and 15 
mol%) were synthesized via batch precipitation polymerization. The contents of BPMA within these 
microgels could be determined via 1H-NMR and Raman spectroscopy.  

Further on, the PVCL-BPMA microgels were loaded with copper(II) chloride for complex 
formation. The copper content and correspondingly the amount of complexes in microgels could be 
successfully determined. Afterwards, the copper-loaded microgels were used as catalysts in a model 
Henry reaction that was performed in an aqueous environment (Scheme 1). We found that all the 
investigated microgels catalyzed the nitroaldol reaction. Therefore, catalytically active microgels 
have the potential to perform reactions in a more environmentally friendly manner and to enable 
efficient catalyst recycling. 
 
Keywords: microgels, catalysis, copper complexes, henry reaction 
 

 
Scheme 1. Henry reaction of benzyl aldehyde and nitromethane to corresponding β-nitroalcohol using copper(II) 

complex (star) modified PVCL-BPMA microgels as catalysts. 
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Aiming to understand and enhance the capacity of carbon dots nanoparticles (CDs) [1] to transport 
through cell membranes and target subcellular organelles, in particular mitochondria, a series of 
nitrogen-doped CDs were prepared by one-step microwave-assisted pyrolysis of citric acid and 
ethylenediamine. Following optimization of the reaction conditions for maximum fluorescence, 
functionalization at various degrees with alkylated triphenylphosphonium functional groups of two 
different alkyl chain lengths afforded a series of functionalized CDs that exhibited either lysosome 
or mitochondria subcellular localization. It was possible, by the appropriate selection of alkyl chain 
length and degree of functionalization, to attain successful mitochondrial targeting, while 
preserving non-toxicity and biocompatibility. Further functionalization with rhodamine B enabled 
enhanced fluorescence imaging capabilities in the visible spectrum. In vitro cell experiments 
proved their non-cytotoxic character and imaging potential even at very low concentrations by 
fluorescence microscopy. Mitotropism is feasible with carefully designed CDs that are specifically 
internalized in cells and cell mitochondria of high transmembrane potential and, more 
importantly, exhibited selective uptake in cancer cells compared to normal cells that renders them 
promising for bioimaging applications. 
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Figure 1. Precise functionalization of carbon dots leads to safe and photostable mitochondriotropic nanoparticles for 

imaging of cancerous but not normal cells. 

Acknowledgements: This work was funded by the NSRF 2014-2020 and co-financed by GSRT 
Greece and the European Union (MIS 5002772, MIS 5002755, MIS 5002567) 
 
References 
[1] Mintz KJ, Zhou Y, Leblanc RM. Recent development of carbon quantum dots regarding their 
optical properties, photoluminescence mechanism, and core structure. Nanoscale. 
2019;11(11):4634-52. 

157



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

OP5.13
 

 
 Photo- and acid-degradable polyacylhydrazone-DOX 

conjugates  
 

Maria Psarrou,1 Martha Georgia Kothri 2 and Maria Vamvakaki 1,3  

 
1Department of Materials Science and Technology, University of Crete, Vasilika Vouton 

700 13 Heraklion, Crete, Greece 
2Department of Medicine, University of Crete, Vasilika Vouton 700 13 Heraklion, Crete, 

Greece 
3Institute of Electronic Structure and Laser, Foundation of Research and Technology-

Hellas, Vasilika Vouton 700 13, Heraklion, Crete, Greece 
 

Presenting author e-mail: psarroum@iesl.forth.gr 
 
Stimuli-degradable polymers have attracted enormous attention because of their potential use in 
various applications in the fields of nano- and bio-technology [1]. Among other stimuli, light in 
particular, has unique advantages including its spatiotemporal control and the tunability of the 
irradiation wavelength and dose. Due to these properties, numerous photo-degradable polymeric 
materials have been proposed for use in the development of nanocarriers for drug delivery 
applications, as photoresists for 2D and 3D patterning, as recyclable plastics, and others [2].               

Herein, we present a new family of main-chain, photo-cleavable polymers based on hydrophilic 
polyacylhydrazones [3]. The polymer was synthesized via a step-growth copolymerization of adipic 
acid dihydrazide with dibenzaldehyde terminated poly(ethylene glycol), under mild acidic 
conditions, to afford a hydrophilic P(EG-alt-adipic acid) (P(EG-alt-AA)) alternating copolymer. The 
main-chain photo-degradation of the copolymer, upon light irradiation at λ = 254 nm with a very 
low power density, 0.1 mW/cm2, was studied by size excluzion chromatography, proton nuclear 
magnetic resonance spectroscopy and UV-visible spectroscopy. Next, the hydrophobic anticancer 
drug, Doxorubicin (DOX), was linked to the hydrazide end-groups of the polymer via acylhydrazone 
linkages, to produce amphiphilic P(EG-alt-AA)-DOX drug conjugates. The conjugates self-
assembled in water to form spherical nanoparticles evidenced by scanning and trasmission electron 
microscopies. Following irradiation of the nanostructures, the colloidal assemblies were disrupted, 
due to the photolysis of the acylhydrazone bonds along the polymer backbone, and the DOX 
molecules were released. Hydrazone and acylhydrazone bonds can be also cleaved under acidic 
conditions. Therefore, the synergistic effect of the solution pH and light irradiation on the disruption 
of the self-assembled prodrug nanostructures, was investigated.  
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Recently, nanomaterials are of great interest in terms of their usability as adhesives in both industrial 
and biomedical applications. Appropriate surface properties, size distribution and strong adsorption 
ability of nanomaterials to be used in the adhesion mechanism are vitally important. In recent years, 
various inorganic nanomaterials such as metal-oxide, silica, zinc-oxide, titanium-oxide 
nanoparticles or carbon nanotubes have begun to be used as adhesives on such applications. Within 
the scope of this study, it is aimed to use lipid nanomaterials as an adhesive for the first time in the 
literature. Lipid nanomaterials stand out from other nanomaterials, especially in the medical field, 
with their advantages such as biocompatibility and the ability to encapsulate various pharmaceutical 
agents. First, PDMA hydrogels was synthesized by free-radical-polymerization as a common model 
material because it imitates many polymers and tissues in terms of their physical properties. 
Secondly, various organic and inorganic nanomaterials (SiO2 nanoparticles, solid lipid 
nanoparticles, AQua lipid nanotubes) were synthesized in order to compare their adhesive strength. 
While obtaining information about the sizes and geometries of these nanomaterials, AFM, TEM and 
Dynamic Light Scattering were used. Lastly, the adhesion ability of nanomaterials between PDMA 
hydrogel surfaces were examined using mechanical strength tests. The overlap surface area was 
determined after optimization studies in order to perform adhesion studies under certain conditions. 
At the same time, the effect of increasing concentration of AQua on adhesion mechanism was 
investigated. Active ingredient encapsulation and release studies have been carried out to benefit 
from the internal cavities of AQua nanotubes. To conclude, the properties of the obtained system 
have been evaluated in terms of drug delivery and adhesion performance and it is proved that a new 
adhesive material has been successfully developed which is very advantageous especially for its use 
in biomedical and pharmaceutical applications [1]. 
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Figure 1. Adhesion of the liver tissue strips by using AQua nanotube dispersion [1] 
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In the present study, o/w nanoemulsions and nanoemulsion-based hydrogels 
formulated with safe for human use ingredients were developed for the encapsulation 
and delivery of vitamin D3 and curcumin. Both nanocarriers were studied 
structurally using dynamic light scattering (DLS), electron paramagnetic resonance 
(EPR) spectroscopy and viscometry. They were also compared regarding their ability 
to release the bioactive compounds. In vitro studies were conducted using Franz 
diffusion cells to investigate the release of the bioactive compounds from the 
nanocarriers. The cytotoxicity of the nanoemulsions was investigated using the 
thiazolyl blue tetrazolium bromide (MTT) cell proliferation assay and RPMI 2650 
nasal epithelial cells as in vitro model. DLS studies revealed droplet size increase 
upon encapsulation of the bioactive compounds, however loaded nanoemulsions 
were stable for 60 days of storage at 25 °C. EPR spectroscopy showed participation of 
the bioactives in the surfactants monolayer. Concerning the in vitro release rates 
from the nanoemulsions, they were comparable to the corresponding ones from the 
nanoemulsion‐based hydrogels for both lipophilic compounds. Finally, the developed 
o/w nanoemulsions did not exhibit cytotoxic effect up to the concentration threshold 
of 1 mg/mL in the cell culture medium. 
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Figure 1. Methods used for the structural and in vitro studies. 
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Nanodispersions of calcium hydroxide in organic solvents are a very useful remedial conservation 
material for cohesion improvement of disintegrated porous limestones and ancient lime mortars, 
exposed to ambient conditions. 

Granular disintegration was the main deterioration symptom of the building materials of the 
Temple of Athena in the Acropolis of Lindos in the island of Rhodes (biocalcarenite) and the sanctuary 
of Artemis in Vravron in Attica (calcareous fossiliferous sandstone). After laboratory investigation, 
consolidation treatments took place using nanodispersions of calcium hydroxide in 2 propanol.

To select the appropriate consolidating material for these types of stone, the necessary steps 
were followed: physical, chemical, mineralogical and petrographic examination of the each type 
stone, artificial aging of sound samples (accelerated aging for soluble salt crystallization) that led to 
granular disintegration, desalination, trial consolidation treatments using various materials (lime 
water, water dispersion of lime putty, nanodispersion of calcium hydroxide in 2 propanol and in 
ethanol, as well as product based on silicates) and laboratory tests and measurements to estimate 
the effectiveness of the treatments. Color alteration assessment by chromatometric measurements, 
abrasion resistance, measurements of porosity, water vapor permeability, saturation and water 
absorption coefficient of treated and untreated artificially weathered samples, and their behavior in 
accelerated aging for soluble salt crystallization, showed that the use of nanodispersion of calcium 
hydroxide in 2 propanol was the safest remedial intervention in these cases.

Improvement of the consolidation efficiency of the calcium hydroxide nanodispersion was 
also attempted by introducing magnesium and strontium ions into the stone substrate, aiming to 
precipitation of aragonite and its subsequent conversion to calcite. 
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One of the primary and challenging issues in the preservation of paper materials is the removal of 
modern adhesives whose presence enhances paper degradation and worsens its optical features 
[1-2]. 
 This work focuses on the development of a cleaning strategy based on ultrasound-stimulated 
PVA microbubbles (MBs) aimed at removing modern adhesive residues from modern paper. This 
idea is based on these findings 1) profilometric analysis shows surface depressions (several microns 
wide) in the paper coated by adhesive, which are compatible with the MBs size. MBs can adhere 
well to the adhesive’s surface and perform near-field cavitation effects such as microstreaming 
flows and the progressive adhesive detachment; 2) modern adhesive due to their chemical 
aspecificity, often need the use of organic solvents for their removal. Solvents are dangerous for the 
environment and operators while MBs are in water  solution and thus represent a “green” strategy. 
 To assess our idea, we characterized the interaction of PVA microbubbles with paper and 
their cleaning efficacy by using several experimental techniques, like ATR–FTIR spectroscopy, 
fluorescent confocal microscopy, colorimetry and pH measurements. Moreover, HPLC proved the 
absence of residuals, while XRD and tensometry assess the integrity of paper samples after the 
treatment. 
 The final outcome is a treatment providing results comparable to those of classical 
treatments with solvents but faster (2 min of application are needed) with the advantage to avoid 
the use of substances potentially harmful [1-2]. Moreover this versatile cleaning strategy allows to 
tune the intensity and the duty cycle of the US delivery depending on the kind of sample and the 
substances to be removed. This is the first time (at the best of our knowledge) that ultrasound is 
being combined with microbubbles for the selective removal of a coating from a delicate substrate.   

Keywords: PVA microbubbles, ultrasounds, modern adhesive 
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The degradation of silk artifacts affects the secondary structure of fibroin and weakens the 
mechanical properties of the textiles, threatening the preservation of this historical heritage [1]. 
Restoration practice still lacks feasible and compatible consolidants for aged fibers.  

We recently demonstrated a sustainable approach where renewable silk scraps are used to 
formulate a consolidant for fragile silk [2]. Self-regenerated silk fibroin (SRSF) films can be cast at 
controlled crystallinity/amorphousness starting from waste silk, simply controlling the 
concentration of the colloidal fibroin dispersions obtained from the scraps.  
 The treatment allows controlling the mechanical behavior of degraded silk fibers. Amorphous 
SRSF films, cast from low-concentration dispersions, recovered the ductility of fragile silk, possibly 
owing to the presence of domains with mobile fibroin chains at the film-fiber interface. Highly 
crystalline (and thus brittle) films reduced the tensile strength and elongation length of the fibers. 
 Overall, the use of waste silk scraps to provide consolidation of aged silk, constitutes an 
example of how colloids and surface chemistry can preserve cultural heritage through a circular-
economy type of process, opening new paths for the conservation of historical textiles and for the 
development of biomaterials or composites with enhanced properties.  
 
Keywords: self-regenerated silk fibroin, fibroin films, aged silk, textile consolidation 
 

 
Figure 1. (Left) Self-regenerated silk fibroin (SRSF) are prepared from waste silk scraps and applied onto silk fibers. 
(Right) Aged silk before and after treatment with the SRSF dispersion: SEM images and FTIR 2D Imaging false color 

maps of the 1244 cm-1 fibroin band, showing the presence of increased amorphous fibroin after the application of SRSF 
onto the fibers. Stress-Strain plots show the recovering of mechanical behavior after treatment. 
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The conservation of powdering matte paint surfaces is one of the most significant issues in 
modern/contemporary art, owing to the paints’ intrinsic characteristics and optical properties, as 
well as their artistic importance. Additives-rich formulations and free experimentation with painting 
techniques have produced paint layers with poor adhesion and cohesion, whose degradation is 
accelerated by harsh environmental conditions and pollution. Current conservation practice lacks 
adequate strengthening methodologies, and traditional consolidants can alter the optical properties 
and water permeability of painted surfaces [1].

Alternatively, a new starch-based nanostructured consolidant was synthesized, to boost 
penetration into the porous paint layers and avoid aesthetic alterations; the large surface area of the 
starch nanoparticles (SNPs) is abundant with -OH groups, promoting adhesion to pigments [2-3].
Dispersions of nano-sized starch hydrogels were obtained by precipitating gelatinized gluten-free 
wheat starch (Jin Shofu) in a non-solvent [2-4], and their consolidating efficacy was successfully 
assessed on aged painted mock-ups that mimic modern painting surfaces: pigment cohesion was 
improved, and the original optical properties preserved.

CryoEM showed that SNPs, once re-dispersed in aqueous phase, form nano-sized gel-like 
fractal domains by the organization of smaller units in polymer-rich and deficient regions. FT-IR 
spectroscopy, XRD, and DSC revealed the amorphous nature of the SNPs. Short and mobile gluten-
removed starch chains, obtained after gelatinization, assemble quickly by non-solvent precipitation, 
forming disordered, rather than crystalline, nano-structures. An interesting perspective involves 
thus the possibility of tuning the particles’ crystallinity simply varying the composition of the non-
solvent phase to tailor nano-hydrogel particles for specific conservation needs.
Overall, SNPs are a good example of how biopolymers and renewable sources can be used to create 
colloidal structures that counteract the degradation processes of artifacts, granting their durability 
and fostering their valorization.

Keywords: Starch nanoparticles; hydrogel; nano-precipitation; modern art; consolidation; 
paintings.
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Cultural Heritage assets are crucial to mankind, as they are drivers of welfare and economic 
improvement. If properly preserved, this patrimony can boost job creation, social inclusion and 
cultural identity. Unfortunately, degradation processes inevitably threaten works of art. 

Colloids and material science have been providing effective solutions to preserve works of art 
in the last decades. In the specific case of cleaning of painted artworks, excellent results have been 
obtained using highly performing gels based on synthetic polymers[1-2]. However, there is still 
large room for the formulation of polymer networks that retain optimal cleaning ability but have 
higher eco-compatibility.  
 In this perspective, we have developed and studied different biocomposite hydrogels based 
on poly(vinyl alcohol) (PVA) and rice starch (RS) obtained via freeze-thawing, with water as the 
only used solvent. The PVA/RS hydrogels have been extensively characterized from a rheological 
and structural point of view and have been tested as cleaning tools on painted mock-ups with 
excellent outcomes. To better understand their formation mechanism and the features that derive 
from it, we then focused on investigating the structural role played by the two polymeric 
components of starch, i.e. amylose and amylopectin. The hydrogels obtained from different binary 
(PVA/amylose and PVA/amylopectin) and ternary (PVA/amylose/amylopectin) solutions were 
subjected to characterization by means of Small Angle X-Ray Scattering (SAXS), Confocal Laser 
Scanning Microscopy (CLSM), Scanning Electron Microscopy (SEM), Differential Scanning 
Calorimetry (DSC) and oscillatory rheometry.   
 The obtained results have underlined interesting relations between the PVA to biopolymers 
ratio and the final properties of the hydrogels. We believe that this knowledge could represent a 
strong base to develop ad hoc materials with tailorable and predictable features, with applications 
that can go beyond Cultural Heritage preservation.  
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Figure 1. Confocal imaging of hydrogels with different compositions (P=PVA, P/S = PVA/Starch biocomposite).  
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Recently, it was experimentally shown that the solubility of proteins in water can be enhanced by the 
addition of adenosine triphosphate (ATP) [1]. To investigate the underlying molecular interactions, 
we performed molecular dynamics (MD) simulations of ATP and homopeptide chains composed of 
glycine, tryptophan, lysinium and glutamate [2]. The potential of mean force (PMF) as a function of 
the ATP-peptide distance was calculated using umbrella sampling. Splitting of the interaction energy 
into a van der Waals and a Coulomb contribution gives further insight into the mechanism of the 
solubility enhancement. The analysis reveals that ATP is attracted to all studied proteins. This 
suggests that the enhancement of the protein solubility might stem from the affinity of ATP to the 
protein surface. Further analysis shows that the adsorption of highly charged ATP leads to a build-
up of electrostatic barriers in the effective protein-protein interaction which can prevent the 
aggregation of proteins in certain cases. 
 
Keywords: hydrotrope, Hofmeister effect, aggregation, fibrils 
 
 

 
Figure 1. Protein-ATP interaction free energies for different polypeptides. 
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Excluded volume interactions are inherent in colloidal systems. In asymmetric mixtures of colloidal 
particles, the excluded volume between different components can result in so-called depletion 
interactions. These interactions can induce phase separation in the colloidal mixture which can be 
used advantageously for different purposes like particle separation based on shape and size. 
However, in many cases, as for example coating formulations, phase separation is not desired and 
knowledge about the boundaries for phase stability is essential to optimize the composition of 
products containing colloidal particles.  

A relatively simple method that has proven to be very effective in predicting the phase 
behaviour in colloidal particles mixed with non-adsorbing polymers is free volume theory (FVT) [1]. 
This method has also been applied to asymmetric binary mixtures of hard colloidal particles. 
Discrepancies have however been observed when compared with both computer simulation and 
experimental results. In this talk it is shown how FVT can be adjusted to account for the excluded 
volume of colloidal depletants more accurately in the FVT framework [2], leading to an improved 
accuracy of the theoretical predictions. Moreover, we show how the theoretical approach can be 
extended to account for colloidal depletants with a rod-like shape [3]. We discuss the resulting 
predictions for the binodals and compare these to measurements on the phase stability boundaries 
of mixtures of polystyrene spheres and fd-virus.   
  
Keywords: Colloidal mixtures, Depletion interaction, Phase behaviour, Free volume theory 
 

 
Figure 1. Schematic representation of the depletion interaction (a) and the free volume theory approach (b). Panel (c) 
shows an example phase diagram of a binary sphere mixture for a size ratio of 0.2 with φ the system volume fraction. 
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An alumina catalyst carrier must have adequate mechanical and thermal properties, and promote 
an appropriate mass and heat transfer. These properties depend on the carrier texture, which is the 
result of its manufacturing operating conditions. Our study focuses on the peptization-and-
kneading process, which involves the dispersion of alumina powder in an acid solution. A base is 
then added to decrease the Zeta potential, inducing the agglomeration of dispersed alumina 
particles. This process, performed under proper hydrodynamic conditions, enables to tune the size 
and structure of the alumina agglomerates that will build the solid catalyst carrier.  

This work aims at modeling the alumina solid structure depending on the physical-chemical 
parameters that drive the colloidal agglomeration. In order to study the impact of pH, ionic 
strength and concentration on small and large agglomerates, three experimental techniques are 
used: Dynamic Light Scattering (DLS), Small Angle X-Ray Scattering (SAXS) and Scanning 
Transmission Electron Microscopy (STEM). The results of the experimental DLS and SAXS data 
are interpreted (via a fitting procedure) in terms of the population-balance equation [1]. The STEM 
image processing and the results of Brownian dynamics simulations [2] are used to validate the 
fractal dimension and size distribution estimated with population-balance. The size distribution 
and the fractal dimension are then used as inputs for a morphological agglomeration model [3], to 
simulate large volumes of the porous structure of the real alumina solid. The full validation of our 
approach is finally accomplished using the morphological model to estimate all textural properties 
of the real solid (pores volume, pores distribution, specific surface, etc.) that can also be obtained 
from experimental techniques e.g. nitrogen physisorption [4] and SAXS. The morphological model 
enables to perform sensitivity analyses on the porous structure, under different operating 
conditions. 
 
Keywords: Colloidal agglomeration, Fractal dimension, Catalyst carrier 
 

 
Figure 1. Scheme of the strategy for the construction of a multi-scale model of the alumina solid structure. 
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Intrinsically disordered proteins (IDPs) are proteins with partially or entirely disordered sequences. 
Their characteristic structural flexibility has been found to exhibit many biological advantages such 
as multi-binding, the capability to avoid non-desired interactions through functional misfolding, or 
overcoming steric restrictions due to macromolecular crowding. Due to these advantages, IDPs are 
involved in a wide spectrum of biological processes, such as signaling processes, supramolecular 
assembly and allosteric regulation, so that they are appealing targets for drugs.  
Considering that macromolecular crowding is common in biological media, in this work we study 
the coupling between ionization and conformational properties of two IDPs, histatin-5 and b-
amyloid 42, in the presence of neutral and charged crowders. The IDPs are described using a bead 
and spring model and the crowders are modeled to resemble bovine serum albumin (BSA). With this 
aim, semi-grand canonical Monte Carlo simulations are performed, so that the IDP charge is a 
dynamic property, undergoing protonation/deprotonation processes. Both ionization properties 
(global and specific amino acid charge and binding capacitance) and radius of gyration are analyzed 
in a large range of pH values and salt concentrations. The main mechanism for charge regulation is 
found to be the effective increase in the ionic strength due to the excluded volume. In the presence 
of charged crowders, a significant increase in the charge of both IDPs is observed in almost all the 
pH range. In this case, the IDP charge is altered not only by the increase in the effective ionic strength 
but also by its direct electrostatic interaction with the charged crowders. 
 
 
Keywords: Monte Carlo modeling, pH, ionic strength, excluded volume effects 
 

 
 

Figure 1. Snapshots of (left) β-amyloid 42 in a medium containing neutral crowders with excluded volume fraction 
φ=0.39 and (right) histatin-5 surrounded by charged crowders with φ=0.08. 
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Due to their high specific surface and pH-tunability, TiO2 nanotubes (NTs) are emphasized as 
suitable candidates for applications in the decontamination or catalysis in thousands of papers per 
year [1-2]. Nevertheless, the mechanism of the solute adsorption, that underlies the efficiency of 
these applications, in most cases of nanotubular structures is not rationalized. The question 
concerning the relative preferential affinity of the solute between the inner or the outer NTs surfaces 
exposed to the liquid medium remains open [3].   

We address this question by investigating the case of the preferential adsorption of monovalent 
Cs+ cations onto loose TiO2 NTs in aqueous solutions, at the range of pH and bulk CsNO3 
concentration. To probe the adsorption/charge relation, we conducted a complementary set of 
experimental techniques that probe the overall adsorption efficiency, equilibrium properties of the 
NTs suspension, and the stereological estimation of Cs+ concentration in post-adsorption dried solid 
sample. Furthermore, we used the classical density functional theory, to calculate the difference in 
adsorption between inner and outer surfaces, as well as the charge of NTs for various system 
compositions [3]. Effects of specific Cs+ binding, as well as the effect of the polydispersity of NTs 
radii were accounted for. We used the model that can interpret potentiometric titrations of the 
suspension, but also to rationalize Cs+ adsorption, and compare to experimentally derived efficiency. 

Since each of the aforementioned techniques probes a distinct state of the system, the 
individually obtained ‘adsorption’ properties seldom match quantitatively, and only the trend can be 
established. Nevertheless, each of them conveys a part of the information, which is why integrated 
approaches like are needed to quantify the differences of the cation affinity between the inner and 
the outer surfaces.  
 
Keywords: nanotubes, adsorption, modelling, surface, preferential 

 
Figure 1. Overview of the approach used to probe the difference in Cs+ binding between inner and outer TiO2 

nanotubes surfaces. 
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Capillary suspensions [1] are a novel type of soft matter that offers an attractive processing route to 
adjust the bulk properties of suspensions. They consist of particles and two immiscible liquid phases 
where the particles are connected via liquid bridges to form a sample spanning network. Previous 
in-vitro experiments have shown that different configurations are possible and a basic dependence 
on the interaction parameters has been established (Figure 1a). 
 
Here, we investigate the influence of mixing conditions in-silico using the coarse-grained MD 
software Espresso [2] as shown in Figure 2b. We recently implemented Lees-Edwards boundary 
conditions [3] in this simulation package to mimic rheological in-vitro experiments [4]. Our 
modelling approach implicitly captures capillary forces between particles using a toroidal bridge 
model [5] as well as rigid body movement as expected by contact line pinning. The bulk fluid is 
modelled via the lattice Boltzmann method. 
 
We show that the linear regime of capillary suspensions ends far below deformations that introduce 
bond breaking whereas the yield point is mostly caused by the collapsing network. This collapse 
behavior is dominated by the amount of fluid present in the capillary bridges connecting particles. 
Bond reformation during shearing further influences the dynamic properties of capillary 
suspensions. These results have clear implications for industrial processes and networks with other 
attractive interactions. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1a) Strain sweep of two capillary suspensions (in-vitro) for different mixing conditions 
b) typical structure of a network generated by attractive forces and rigid body movement 

 
Keywords: capillary networks, structure, modelling, rheology 
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The recycling of rare earths is a process made imperative by the limited supply of raw materials and the need 
to limit the impact on the biosphere. In this context, liquid-liquid extraction, or solvent extraction, is the 
process of choice for reversible separation of elements with limited chemical consumption. This is achieved 
by selectively extracting metals in ionic form from a concentrated aqueous phase to an organized organic 
phase. In this work we present a novel approach to model solvent extraction from a molecular basis by using 
interface and colloid theory.

The idea is to consider the organic phase as a kind of rigid microemulsion composed of two phases, 
one polar representing the water, the ions and the solvating heads of the extractant molecules, and the other 
oil constituted by the aliphatic chains and the diluent molecules. We show how this approach allows us to 
deduce the curvature properties as a function of the nature of the extractants. Dissolved species traditionally 
interpreted as complexes can here be described as inverse micelles. The final model allows, for example, the 
prediction of lanthanide extraction by malonamides with a very small set of parameters, which can usually be 
obtained from molecular simulations.

This approach based on the theory of colloids and interfaces has the advantage of making certain mys-
terious phenomena appear as natural consequences of these systems. For example, synergy occurring in 
extractant mixtures is understood to be the natural consequence of a higher configuration entropy in the mix-
ture. Abrupt changes in conductivity can also be seen as a consequence of the frustration of the extractants.

Keywords: solvent extraction, molecular dynamics, micelles, microemulsion, rare earth elements

Figure 1. Modelling of a solvent phase in liquid-liquid extraction with structures similar to microemulsions
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Ultracentrifugation is a versatile technique for analytical purposes of large molecules and colloids. 
We developed a general theoretical description of ternary solutions of small molecules under 
centrifugal field [1]. The theoretical formalism is based on classical density functional theory with 
established models for liquid mixtures. The new theory is a promising tool that could be applied in 
analytical experiments or in large-scale industrial separation chemistry. Predictive application 
enables the search for effective centrifugation.  

The theory, as an improvement to Zemb et al. [2], can be used to calculate the composition 
profiles of explicit centrifugation experiments for a given sample composition and centrifugal field 
strength. Furthermore, a more generalized centrifugation map (CMap) can be obtained, which 
predicts the composition profiles in the whole phase diagram. Concentration profiles can be 
understood as the sum of two streaming gradients: first the gravity field and second the 
thermodynamic force which represents the internal molecular interactions. The magnitude but not 
the direction of the compositional change is dependent on the gravitational field. Thus, the CMaps 
are valid for centrifugal fields of arbitrary strength. Thermodynamics also yields a general criterion 
for apparent aggregation. 

The strength of the CMap approach is illustrated for the ternary system ethyl acetate, ethanol 
and water, a system which does not show significant aggregation in the absence of centrifugation 
fields. We show that composition gradients near the critical point are quantitatively different from 
centrifuge-induced emulsification, both inducing separation of molecules of 100 Da in the tube, even 
in the absence of micelles or microemulsions. 
 
Keywords: Sedimentation, Solubilization, Micelles, Phase diagram, Osmotic coefficient 
 
 

 
Figure 1. Explicitly calculated composition profile (left & center) and centrifugation map (right).  
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In our previous study [1] we found that oils and fragrances can be encapsulated by using composite 
shells of silica microparticles, polymer and surfactant (potassium oleate). In the present study we 
substituted the micron-sized particles with nano-sized [2]. The template for the creation of the 
core-shell structure is a particle stabilized (Pickering) emulsion. The surfactant adsorbs on the 
nanoparticles and leads to their reversible hydrophobization and adsorption on the oil/water 
interface. The outer layer of the self-assembled shell represents a layer from crosslinked polymer. 
By order of magnitude and trend, the capsule size follows the law of limited coalescence with 
respect to the dependence on nanoparticle size and concentration. The composite structure of the 
shells leads also to dependence on the concentrations of added polymer and surfactant. The 
produced microcapsules are pH-responsive. Various substances, such as fragrances and oils, were 
encapsulated. The developed methodology could find applications in any field, in which reversible 
encapsulation of oily substances is needed. 
 
 
Keywords: Encapsulation; Silica nanoparticles; Core-shell structures 
 

 
 

Figure 1. Sketch of the shell of the microcapsules – (1) surfactant molecules that are hydrophobizing the particles; (2) 
the polymer molecules are consolidating the adsorption layer and (3) crosslinks between the polymer molecules. 
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The process of coalescence is involved in many industrial applications yet it still lacks theoretical 

description, especially at the molecular scale where the different properties can no longer be studied 
by experimental means. The aim of our work is to provide, by the means of classical Molecular 
Dynamics (MD), a model for coalescence at the nano-scale, which will serve as a basis for a predictive 
macroscopic theory of coalescence. First, we studied the interaction between an AFM probe and a 
thin film of water deposited over a flat substrate. The jump-to-contact phenomenon, in which the 
liquid comes in direct contact with the probe and the previous deformation of the liquid surface were 
investigated[1]. MD simulations showed that for the thicknesses considered, the jump to contact was 
induced by the thermal fluctuations of the interface[2]. Along with recent theoretical studies[3], it 
reveals the existence of a thermal regime initiating the coalescence process. We then focused on the 
study of this initiating regime by the means of MD simulations of liquid droplets in a liquid phase. 
20 simulations of droplet coalescence with very close initial states were carried. Results showed that 
liquid-liquid coalescence is a stochastic event following a law of Poisson. This stochastic approach of 
liquid interfaces constitutes an unprecedented step forward in the study of soft nano-systems. 
Finally, we focused on the thin liquid film drainage. The flow resulting from the film drainage was 
investigated in MD simulations and compared to hydrodynamics theories. The establishment of a 
model for the film drainage along with the detailed study of the stochastic effects involved lead the 
way towards a predictive macroscopic model of coalescence. By taking hydrodynamics and thermal 
fluctuations into account, this theory will lead to improvements in many industrial applications. 
 

 
 Fig.1: Snapshot of MD simulation of n-Heptane droplet coalescence in aqueous phase. 
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Phenomena taking place on the molecular or atomic level have very fast dynamics and are difficult

to observe as they happen. These phenomena can alternatively be modelled by the analysis of

colloidal suspensions, whose dynamics are significantly slower than their molecular counterparts

and thus easier to observe and characterise experimentally. In industry, colloids find a wide range

of applications in paints and coatings [1-2] as well as emulsifiers [3]. In this work, we investigated

the phase behaviour and dynamics of colloidal particles comprising three tangential spherical lobes

forming triangular trimers (TTs). The properties of this type of trimers have so far received very

limited attention, compared to other trimers, and consequently their behaviour and dynamics are

still far from being understood [4-5]. To shed light on the potential of these systems, we performed

extensive Molecular Dynamics simulations and mapped the liquid-vapour phase coexistence of TTs

interacting via the Mie potential. Tuning the attractive and repulsive contributions to this

interaction potential allowed us to mimic different chemical environments of the TTs and quantify

their impact on the location of the critical point and the extent of the vapour-liquid coexistence

region. Our findings are consistent with former results on the liquid-vapour coexistence of

spherical particles interacting with different Mie potentials [6-7]. In addition, we explored the

dynamics of the TTs to estimate the structural relaxation of the systems and eventual deviations

from Guassianity. To this end, we calculated the van Hove self-correlation function and the

intermediate scattering function. We found that the dynamics of TTs are more influenced by a

change in density than a change in temperature and that the distribution of the van Hove

self-correlation function is accurately approximated by the Gaussian distribution.

Keywords: Colloids, Dynamics, Phase Behaviour, Molecular Simulation, Mie Potential
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Understanding and engineering the flow-response of complex fluids made by surfactant membranes 
is a key challenge for their practical utilization. Nevertheless, the predicted sponge-to-lamellar 
transition of self-assembled surfactant membranes upon shear flow [1] has, to our knowledge, only 
been shown for surfactant bilayers [2,3]. The lack of experimental reports of such a transition for the 
monolayer analogue, namely a bicontinuous microemulsion, can be justified by the extraordinarily 
high shear rates required for the transition, which exceed the limitations of most rheological setups. 

For the first time and via the combination of small-angle neutron scattering (SANS) and 
microfluidics [4], we are able to show a gradual deformation of a monolayer sponge to a lamellar-
like structure with applied flow (Fig. 1, top). In order to achieve this deformation, we expose a 
bicontinuous microemulsion stabilized by a nonionic surfactant to microflows of up to 30 mL/min, 
resulting in shear rates above 104 s-1. The orientation-dependent analysis of the SANS patterns 
reveals the increasing formation of lamellar layers which, however, seem to be connected via 
passages even at these high shear rates. The exceptionally high spatial resolution of this method 
allows us to link structural properties like anisotropy (Fig. 1, bottom left) and domain size along with 
the surfactant membrane elasticity to the variation of the flow field while we only probe sample 
volumes of less than 22 nL. As it turns out, the structure does not only vary with the flow applied but 
also within the flow field itself (Fig. 1, bottom right). 
 
Keywords: bicontinuous microemulsions, microfluidics, SANS, sponge-to-lamellar transition 
 

 
Figure 1. The combination of microfluidics with SANS (top) enables the observation of the gradual, microflow induced 
deformation of a bicontinuous microemulsion into a lamellar-like structure varying over the whole flow field (bottom). 
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Due to their extensive applications, delamination of layered double hydroxides turned to be a 
widely investigated area in the past decade [1]. In the recent research, two independent methods, 
turbidity and dynamic light scattering measurements were used to identify the colloidal properties 
of layered double hydroxide nanosheets. During the measurements, a novel phenomenon was 
observed, namely, unilamellar nanosheets build-up the stacked structure prior to their aggregation 
in house of cards form. 

With addition of a monovalent electrolyte solution, first no significant change in particle size 
was observed, while few minutes later, the hydrodynamic radius (measured by DLS) increased 
significantly as a clear signal of particle aggregation (Figure 1). We hypothesized that recovery of 
the original lamellar structure of layered double hydroxides took place in this initial time period. 
Turbidity measurements at different particle concentration ranges were correlated with these 
results and critical coagulation concentrations obtained by either methods showed great 
agreement. 

To investigate the morphology and structural properties, atomic force microscopy, 
transmission electron microscopy and X-ray diffractometry were used. Images taken by atomic 
force microscopy confirmed our theory about restacking mechanism of single layer nanosheets. 
Height profiles showed rise in particle thicknesses in time, while after layered structure formation 
terminated, aggregates with ~20 nm thickness appeared in the samples. 

Finally, we claim that instead of randomly oriented aggregation processes, nanosheets 
showed recovery ability, followed by house of cards type aggregation. 
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Figure 1. Schematic representation of the change in hydrodynamic radius occurred by restacking and aggregation of 

delaminated layered double hydroxide particles. 
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Metalla-bis-dicarbollides, such as COSAN [Co(C2B9H11)2]-, are inorganic and ionic complexes 
composed of a central metal cation, sandwiched between two dicarbollide cages, which confers a 
global negative charge delocalized over the entire nanometric molecular architecture (Fig. 1, left as a 
theta shape anion).[1] Despite lacking a classical amphiphilic structure, COSAN distinguished for its 
surfactant properties such as surface activity and self-assembly properties.[2] Indeed, COSAN forms 
monolayer vesicles at low concentrations in water (<10 mM). As increasing concentration, the 
vesicles then undergo a Coulomb explosion into small aggregates [3] and eventually self-assemble in 
lyotropic lamellar phase, [4] at concentration above 100 mM.  
     It is well known that surfactant micelles, solubilize the hydrophobic organic compounds through 
their aggregation mechanism caused by the hydrophobic effect.[5a-b] In this present work, we studied 
the solubilization effect in water by COSAN and its derivatives by hydrophobic organic compounds 
of various types (medium chain aliphatic and aromatic alcohol, terpene, benzyl alcohol etc.) as a 
function of their hydrophobicity pattern, log(P). The effect of COSAN on the solubilization 
mechanism at supramolecular level was investigated using scattering techniques. The solubility limit 
of the systems was also investigated to define phase diagrams. 
     On the contrary with classical surfactants, where there is no solubilization below the critical 
micelle concentration (CMC), COSAN anion solubilize from the first adjuncts. Remarkably, we 
observed a correlation between the hydrophobicity (logP) of an alcohol and its ability to interact with 
COSAN based on solubility measurements in water. Moreover, the amount of solubilized 
hydrophobic compound increases with the increasing COSAN concentration regardless of its 
aggregation form, which is not the case for classical surfactants such as SDS. This work aims better 
to understand COSAN-hydrophobic organic compounds solubilization whereas COSAN and their 
derivatives are used in biological and medical applications.[6] 

 

Keywords: hydrophobic, solubilization, COSAN 

 
Figure 1. Chemical structure of COSAN (left), assumed formation of C4H10O-COSAN (represented by the Greek letter 

θ). 
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Ionic liquids (ILs) are a class of tunable solvents composed entirely of ions and are fluids under 
ambient conditions. They have attracted considerable interest in many fields of chemistry because 
they have unique physicochemical properties such as negligible vapor pressure, nonflammability, 
thermal stability, and they show excellent solvent properties [1]. Due to these unique aspects, ILs are 
developing into promising media for material science applications. Among those, particle 
suspensions in ILs represent an important class of media, as they are relevant in synthesis and 
catalysis. 

Once these nanoparticle dispersions are involved in the application processes, the colloidal 
stability of the samples is a key point. For that reason, the interfacial behavior of the IL constituents 
has to be well understood to further clarify the nature of the interaction forces in ILs [2-3].  

In the present study, therefore, the charging and aggregation processes of polymer-based 
particles were studied in ILs and their water mixtures by electrophoretic and dynamic light scattering 
techniques. The aggregation rates were found to vary in a systematic way with the IL/water ratio, 
and at the IL side striking stabilization occurs. Although our electrophoretic measurements indicate 
that the electrostatic stabilization is inefficient in ILs because of the high ionic atmosphere and the 
resulting surface charge screening. There are two possibilities for such surprising stabilization in ILs. 
Namely, viscous stabilization and solvation stabilization. These findings shed light on that the latter 
colloidal stabilization occurs through the formation of IL layers at the nanoparticles/IL interface, 
inducing a steric hindrance to the contact between the particles. The results bring important 
knowledge on the origin of the interparticle forces at different IL-to-water ratios, which is crucial 
information during the design of stable or unstable particle dispersions in ILs and their aqueous 
solutions. 
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Gels are low-packing disordered networks of interacting particles that are structurally arrested and 
able to support weak stresses [1]. Most of colloidal gels are formed by arrested spinodal 
decomposition: the system is quenched into a thermodynamic unstable region, phase-separates into 
a colloidal-rich and a colloidal-poor phases and remains kinetically trapped into a disordered 
network, which is characterized by aging and complex dynamics [2]. 
 In contrast, systems composed of particles with limited valence (i.e., limited number of bonds) 
can be cooled down to very low temperatures (much smaller than the attraction energy scale) without 
phase separation [3]. Indeed, these so called ‘equilibrium gels’ form an empty-liquid state, in which 
particles develop more connections until all possible bonds are formed and the system reaches its 
lowest energy state [4]. 
 Here, we present the first experimental evidence that equilibrium gels do not show any 
appreciable spatial or temporal dynamic heterogeneities, as opposed to gels formed by spinodal 
decomposition. 
 Taking advantage of the base-pairing specificity and the temperature tunability of the DNA 
interactions, we investigate a system consisting of DNA nanostars composed of four double stranded 
arms departing from a common flexible core [5, 6]. Each arm terminates with a single-stranded, self-
complementary ‘sticky’ DNA sequence, which provides the interaction between different nanostars. 
By investigating the system at different temperatures using a combination of dynamic light scattering 
and Photon Correlation Imaging – a recently introduced technique which allows to measure the 
sample dynamics with spatial resolution –, we show that temporal and spatial heterogeneities on the 
sample dynamics are basically absent. This evidence is even more striking when compared to the 
results obtained on the very same system, but where gelation is obtained by a sudden quench in the 
coexistence region: the gel obtained by phase separation displays strong concentration and dynamics 
heterogeneities. 
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In the presence of oppositely charged co-solutes, charged proteins can undergo a process called 
reentrant condensation. This phase-transition process is driven by the neutralization, and at 
sufficient concentrations, inversion, of the protein charge by the oppositely charged co-solute [1]. 
Recent experimental work has shown that charged polyphosphate anions can cause reentrant 
condensation of positively charged globular proteins [2]. However, the observed effect could not be 
explained by charge inversion alone. We demonstrate that specific interactions between arginine 
residues and polyphosphate anions influences reentrant condensation of an intrinsically disordered 
protein. Furthermore, we show that by modifying the amount of arginine residues in the protein the 
phase transition parameters can be tuned. Our work thus sheds light on a specific interaction that 
tune the phase separation of charged proteins in the presence of polyphosphate anions and that these 
interactions act as general driving forces in the condensation/decondensation process. We speculate 
that the interaction between the arginine side-chain and the phosphate group may be of more general 
importance in other phase-separating mixtures such as those observed in protein/DNA systems [3]. 
 
 
Keywords: Intrinsically disordered proteins, reentrant condensation, SAXS 
 
 

 
Figure 1. Arginine residues influence the reentrant condensation behaviour of an intrinsically disordered protein 
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Concentrated solutions of monoclonal antibodies have attracted considerable attention due to their 
importance in pharmaceutical formulations, yet their tendency to self-assemble and/or aggregate 
and the resulting high viscosity or high turbidity pose considerable problems.  

Here we tackle this problem by a soft condensed matter physics approach that combines a 
variety of experimental measurements with coarse grained colloid models, amenable of analytical 
solution. We report data for the concentration dependence of key structural and dynamic properties 
obtained through scattering methods and microrheological experiments. We model the data using a 
colloid-inspired approach with different levels of coarse graining, which also allows us to investigate 
the effects arising from the anisotropic shape of the molecules as well as the possibility of patchy 
interactions. We in particular assess the importance of electrostatic interactions in controlling self-
assembly and thus viscosity.  

Our results offer new insights on the key problem of antibody formulations, providing a 
theoretical and experimental framework for a quantitative assessment of antibody interactions 
needed for a prediction of the resulting viscosity from experiments performed at lower 
concentrations. 
 
Keywords: monoclonal antibodies, dynamical arrest, collective dynamics, structural correlations, 
microrheology. 
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We  show that a sessile drop, containing titania powder particles with negligible self-propulsion,
exhibits a transition to collective motion leading to self-organized flow patterns. This emerges via a
novel  mechanism  involving  the  interplay  between  the  chemical  activity  of  the  photocatalytic
particles,  which  induces  Marangoni  stresses  at  the  liquid-liquid  interface,  and the geometrical
confinement provided by the drop [1]. 

In ensembles of such active drops, long-ranged ordering of the flow patterns within the drops
is observed. This is rationalized via theoretical arguments showing that the ordering is dictated by a
chemical communication between drops owing to the gradients of the chemicals emanating from
the active particles.

These findings illustrate how simple active particles, which show little self-motility, can give
rise  —  if  present  at  high  number  density  and having  sufficiently  large  chemical  activity  —  to
spontaneous  symmetry  breaking  and  the  emergence  to  macroscopically  ordered  systems,  a
hallmark of complexity [2]. 

Keywords: chemically active particles, Marangoni flow, self-organization

Figure 1. Emergence of self-organized flows and patterns of motion within a sessile drop containing photo-chemically
active titania particles at sufficiently high areal density of particles.
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Microgels are crosslinked polymer networks in the colloidal size domain swollen in a good solvent. 
Their swelling degree can be reversibly modified by external stimuli, such as temperature or pH. 
Advanced synthesis protocols allow for complex architectures, such as hollow microgels with a 
solvent-filled cavity in the center [1]. The soft and responsive nature of microgels, as well as the 
variety of internal architectures, makes them an excellent model system to study phase transitions 
and the behavior of complex fluids. 

Here, we focus on mixtures of regular ‘neutral’ microgels with hollow ‘neutral’ microgels of the 
same size. Although the former are well-known to form colloidal crystals similar to hard 
incompressible colloids, it has been recently shown that hollow microgels fail to do so [2]. The reason 
for the absence of crystals is that hollow microgels increase their configurational entropy by 
rearranging the polymer chains into the solvent-filled cavity. By systematically realizing binary 
mixtures of regular and hollow microgels, we explore the role of hollow microgels as possible ‘defects’ 
that suppress the formation of crystals because of a different internal architecture, rather than size 
mismatch. 

 First, we confirm the absence of size mismatch and a sufficiently low polydispersity of single 
microgels using dynamic light scattering and small angle neutron scattering in diluted conditions. 
In the concentrated binary mixtures, we observe colloidal crystals at fractions of hollow microgels 
up to approx. 40%, whereas the phase boundaries remain the same. Small angle X-ray scattering is 
used to verify the crystal structure of the solutions and to obtain average nearest-neighbor distances 
in them. We speculate that below this threshold value of approx. 40%, regular microgels can serve 
as a ‘template’ that assists the incorporation of hollow microgels into an ordered structure. 
 
 
Keywords: hollow microgels, colloidal crystals, small angle X-ray scattering 
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Capillary suspensions are three-phase mixtures consisting of particles in a bulk liquid, that are 
connected by liquid menisci of a secondary liquid. These capillary suspensions have promising 
applications as precursors for ceramic materials or in the development of new low-fat foods [1].  
Since particle roughness has been shown to drastically influence the rheological properties of 
concentrated suspensions due to interlocking asperities, as well as the wetting behavior of Pickering 
emulsions by altering the three-phase contact angle or by introducing contact line pinning [2], we 
study here the effects of particle roughness on capillary suspensions, which combine the themes of 
particles in contact with capillary bridges.  

For this study, silica nanoparticles with sizes between 40 nm and 200 nm are electrostatically 
adsorbed onto silica microparticles to create fluorescently labeled, raspberry-like particles with 
varying roughness [2]. Using both confocal microscopy and rheology, the network microstructures 
and liquid bridge sizes are linked to the linear viscoelastic response of the suspensions.  

 With increasing roughness, more secondary liquid is trapped in the particle asperities and 
rendered unavailable for liquid bridge formation, leading to a decrease in network clustering and 
viscoelastic moduli. By increasing the relative amount of secondary liquid for more rough particles, 
the same viscoelastic properties as compared to the smooth particles are reproduced, but with 
slightly lower values for coordination number and clustering coefficient. Furthermore, using an 
asymptotically nonlinear oscillatory rheology measurement protocol, similar to Natalia et al. [3], we 
investigate the non-cubical power law scaling of the third harmonic in the shear stress response that 
results from both Hertzian contacts and friction between particles connected by capillary bridges.  A 
scaling of the power law exponents according to load-controlled friction is obtained, contrary to the 
adhesive-controlled friction found by Natalia et al. [3].  

 
Keywords: Capillary suspension, particle roughness, rheology, confocal microscopy 

 
Figure 1. Confocal micrographs of capillary suspensions with particles of varying asperity size and secondary liquid 
volume fraction Φsec. Particles are depicted as red rings and capillary bridges are portrayed in yellow. Each image is 

shown with the 3D average coordination number 𝑍𝑍 and clustering coefficient 𝐶𝐶. 
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  The shear thickening of dense colloidal suspensions is an active area of research aimed to 
understand the non-linear flow response under various flow conditions. Efforts in theoretical models 
and simulations seek to examine the underlying physics thought to be controlled by nanometric 
inter-particle forces, including lubrication hydrodynamics [1] and frictional contact forces [2], 
whereas experimental tests of these latest theories are lacking. In this work, we present comparisons 
between rheological measurements and frictional contact model for a variety of colloidal dispersions 
varying from model systems to industrially commercial dispersions where both shear and first 
normal stress differences are available [3]. Particle-scale measurements of friction coefficients are 
obtained through a survey of the literature. Second, to understand how the solvation effects alter 
friction between oxide surfaces, silica-silica frictional interactions were measured in different 
solvents spanning a range of Hansen Dispersibility Parameters (HDP) [4] (including disperse, polar, 
and hydrogen-bond contributions) via atomic force microscopy (AFM). Using the semi-empirical 
HDP coordinates, we aim to map out a boundary between solvents providing high and low surface 
friction. Investigation of rheology and nanotribology provide quantitative information valuable for 
those modeling suspensions to understand the mechanistic role of lubrication hydrodynamics and 
frictional contact in shear thickening.  
 
 
Keywords: Colloidal suspensions, Shear thickening, Friction interactions, Microstructures, 
Hansen Dispersibility Parameters 
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Dispersions of nanoparticles in ionic liquids present interesting thermal and conductivity properties 
for several potential applications, for instance for catalysis or in thermoelectric devices [1].  However, 
one drawback for their applicability or performances can be their high viscosity. This can be 
overcome by their use at higher temperature. With this aim, we try to obtain, control and characterize 
such dispersions in a wide range of temperature. 

This work [2] presents the stability of iron oxide nanoparticles (ca. 10 nm) in the well-known 
ionic liquid ethylmethylimidazolium bistriflimide (EMIm TFSI), from 20 to 200°C. Colloidal 
stability at room temperature is obtained by a careful design of the interface between the 
nanoparticle and the ionic liquid [3,2], i.e. tuning the surface charge density and the nature of the 
interfacial species. Interfacial molecules are introduced to induce an organization of the solvent ionic 
components, leading to protective layers that prevent close contact and aggregation of the particles.
In a second step, the temperature is increased and stability is assessed by lab techniques (dynamic 
light scattering (DLS), optical microscopy, thermogravimetric analysis (TGA), small angle X-ray 
scattering (SAXS), or in situ coupled small angle neutron scattering (SANS) and DLS.

Following the proposed approach, ionic liquid-based colloidal dispersions stable over years can 
be obtained. They are stable up to at least 473 K and NPs concentrations of 12 vol% (~30wt%) even 
under magnetic field (100 kA m-1) [4] without any modification on their nanostructure and 
interparticular interactions.

Keywords: Dispersions, nanoparticles, ionic liquids, colloidal stability, temperature, ionanofluids
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Particle stabilized droplets are an emerging medium for chemical reactions involving immiscible 
liquid reactants [1]. Here, colloidal particles are simultaneously used as stabilizers for large liquid-
liquid interfacial areas and as interfacial catalysts to promote chemical reactions. Nevertheless, a 
drawback of using droplets is that the droplet phase is not directly accessible, requiring additional 
process steps to collect products or replenish reactants.  

To overcome this limitation, we investigate bicontinuous interfacially jammed emulsion gels 
(bijels) as biphasic reaction media. We generate bijel fibers via solvent transfer induced phase 
separation (STrIPS) [2]. The fibers consist of interwoven, micron-sized channels of water and oil, 
with silica particles stabilizing the interface [Fig. 1B]. Due to bicontinuity, both phases are in direct 
contact with their respective bulk phases and a continuous reactor design is realized [Fig. 1A/B]. 

However, given the length of the fibers of 3 cm, diffusion is too slow to meaningfully sustain a 
reaction and our research question arises: How can reactants be flown at sufficient speeds through 
the long submicron pore network? 

Pressure driven flow is not suitable, as the submicron channel networks generates a large 
resistance to the flow. Thus, we explore electro-osmosis for fluid transport through bijels [Fig. 1C]. 
We find that water transport scales linearly with the applied electric field, reaching 1 cm/min for 50 
V/cm, confirming the prediction by electrokinetic theory. We study the effect of pH, salinity and 
dissolved glycerol to better understand the process. Confocal microscopy allows us to see the flow of 
a dye through the fiber. Electro-osmosis allows us to continuously synthesize fluorescein through 
homogeneous biphasic catalysis, and remove it from the reactor fibers. We conclude that electro-
osmosis can be used to transport chemicals through the sub-micron pore structure at speeds which 
can support catalytic reactions. 
 
Keywords: Electro-osmosis, Biphasic catalysis, Bijel 
 

 
Figure 1. A; Schematic of parallel bijel fiber electro-osmosis setup. B; Schematic cross-section. Water flow via electro-

osmosis, diffusive transport in the green oil phase. C; The net positively charged double layer above the negatively 
charged silica (gray) is accelerated towards the negative electrode, dragging water along. 
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Catalytic colloidal swimmers are a recently developed yet widely employed model system for 
studying out-of-equilibrium phenomena while at the same time having great potential for 
applications such as sensing, transporting and directed drug delivery in the microscale. While these 
swimmers are typically found self-propelling in the vicinity of surfaces, little is known about the 
influence that these may have on their motion. During this talk, we will discuss the effect of nearby 
walls on the motion of Pt-coated colloid swimmers in a hydrogen peroxide solution.  

First, we will show that planar walls (substrates) relative to which the swimmers move 
influence their speeds [1]. Second, using our newly developed method for measuring swimmer-
substrate distances [2], we will show that the swimmers move in parallel to the substrate at a distance 
of a few hundred nanometers. Third, we will briefly demonstrate how secondary curved walls, that 
are 3D-printed on the substrates, can be used to guide the motion of the swimmers and to tune their 
self-assembly into long swimmer chains [3].  

Our findings advance the understanding of synthetic microswimmer motion near walls and 
may prove useful in future applications requiring microscopic devices to self-propel in liquid 
environments confined along surfaces.  
  
 
Keywords: Synthetic microswimmers, Self-propelled motion, Confinement 
 
 
 

  
 

Figure 1. a) Catalytic microswimmers typically propel themselves in parallel to, and at a constant height from, the 
bottom wall of their container (substrate). b) By 3D-printing microstructures on the substrate that act as obstacles for 

the swimmers, we restrict their motion to 1-dimension and further study their active assembly into swimmer chains. 
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We have quantified experimentally the width and structure of the colloidal gas–liquid interface. Our 
model system comprises spherical colloids that are sterically stabilized in an apolar solvent. Colloidal 
gas–liquid phase-separation is induced through the depletion interaction, i.e., by addition of non-
adsorbing polymer. The broadness of the resulting colloidal gas–liquid interface is probed using 
synchrotron X-ray reflectivity measurements at various points in the phase diagram. We find that 
the interfacial width is comparable to the size of the colloidal particles and that it scales in a mean-
field fashion with the density difference. Our results also suggest that the density profiles are 
monotonic. Furthermore, our measurements allow us to distinguish between different theoretical 
polymer descriptions commonly used to model colloid−polymer mixtures. Our results highlight the 
importance of capturing the correct polymer physics in obtaining a quantitative theoretical 
description of the colloidal gas−liquid interface and that X-ray reflectivity experiments can be used 
to shed light on the intricate structure of these colloidal interfaces with nanometer precision [1]. 
 
 
Keywords: colloidal gas–liquid interface, depletion interactions, X-ray reflectivity, free-volume 
theory 
 

 
Figure 1. Interfacial width σ as a function of the colloid gas−liquid density difference Δφ from X-ray reflectivity 

measurements (data points) and from free-volume theory (curves) using the penetrable hard sphere (PHS), polymers 
in theta solvent (theta), and polymers in good solvent (good) polymer models [1]. 
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Bringing an aqueous dispersion or solution into open air leads to water evaporation. The resulting 
drying process initiates the build-up of spatial heterogeneities as non-volatile solutes and colloids 
concentrate. Such gradients lead to complex flow within multicomponent systems, which has 
triggered a large research effort to describe the resulting hydrodynamics.  

However, less attention has been paid to the deviations from thermodynamic ideality 
stemming from water depletion in the vicinity of the air/liquid interface, which leads to drastic water 
activity changes and a collapse of water transport. We have shown before the relevance of these 
effects in solutions of amphiphiles[1] and predicted its generality for complex fluids[2], for instance 
polymer solutions. Yet, hard-sphere colloidal dispersions behave differently due to water excess 
content even in the driest regions of the film, so that water properties remain unchanged throughout 
drying. Still, many colloidal dispersions actually include both length-scales due to polymer grafting 
on particles’ surfaces or the presence of polymeric or amphiphilic solutes in the solvent. The 
transition between molecular and colloidal length-scales thus needs to be assessed, which we do 
using microgels dispersions as a system combining both. 

We evidence an original drying behavior intermediate between colloidal and solution drying, 
in which a diffusional scaling of the drying front is observed together with a weak dependence on the 
air relative humidity[3]. Mapping composition and structuration gradients using Raman 
spectroscopy and small-angle scattering techniques, we show that this behavior stems from the 
ability of microgels to both interpenetrate and compact. As a result, water activity and transport is 
drastically decreased in the vicinity of the air/liquid interface.  

This mechanism will be at play in a large diversity of complex colloidal systems, including 
physiological fluids that carry viruses in air, and is thus pivotal for the mastering of drying processes. 
 
Keywords: drying, evaporation, complex fluid, microgel, polymer, colloid 

 
Figure 1. Microgels dispersions are evaporated in a millifluidic channel and observed with polarized optical 

microscopy. A drying front is observed and grows as the square root of time but rather independently of the air 
relative humidity. Microgels are packing, interpenetrating and deswelling in the film causing large water activity 

changes along a complex concentration gradient. 
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In this work rheological properties of hydrosols of CexZr1-xO2 (with different molar ratio Ce/Zr) 

were determined in a wide range of concentration of dispersed phase and pH value. The hydrosols 
were prepared by peptization of precipitates obtained by hydrolysis of mixed inorganic salt (cerium 
nitrate and zirconium oxynitrate).  

Preliminary experiments have showed that in the pH range of maintaining aggregate stability, 
hydrosols are Newtonian liquids. Under these conditions, the concentration dependences of the 
viscosity of hydrosols on the pH value and the composition of the CexZr1-xO2 particles were obtained. 
The dependences have a region in which the dependence of the specific viscosity becomes nonlinear 
and the Einstein equation is not satisfied. This region depends on the composition of the particles, 
the pH value and the concentration of the dispersed phase. 

To explain the results obtained, the concept of the occurrence of electro-viscous effects, which are 
observed in disperse systems with charged particles, was used. In the range of pH from 0.2 to 3.0), 
the electrokinetic potential has a positive value. Taking into account the contribution of the double 
electric layer size, there is a significant increase in the effective volume of particles, which in turn 
leads to a decrease in the distance between them. The calculation results of interparticle distance are 
in good correlation with the experimentally obtained concentration dependences of the specific 
viscosity. The calculations made it possible to establish the conditions in which electro-viscous 
effects manifest itself in hydrosols of various compositions (Fig. 1). 
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Fig. 1. Influence of the pH values of the dispersion medium and particle composition on the           
CexZr1-xO2 hydrosol concentration corresponding to the appearance of the secondary electro-viscous 
effect. 
 
Keywords: ceria-zirconia, hydrosols, rheological properties, electro-viscous effect 
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Plasmonic nanoparticles can spontaneously self-assemble into periodic superstructures in which 
coupled plasmonic modes can be supported, making them of interest for photonics, plasmonic lasing 
and optoelectrical devices. Here, we investigate a system consisting of plasmonic gold particles 
encapsulated in a poly-N-Isopropylacrylamide (PNIPAM) hydrogel-shell[1]. These core/shell 
particles are ideal building blocks for soft plasmonic superstructures with tailored optical properties, 
such as switchable photonic crystals. While the gold-core can host the localized surface plasmon 
resonances, the hydrogel-shell allows control over the inter-particle spacing in the visible 
wavelength. This is due to the PNIPAM shells thermo-responsive behaviour (Fig 1a). For highly 
ordered 2D lattices of these Au-PNIPAM particles it has been shown that plasmonic/diffractive 
coupling allows surface lattice resonances to be supported[1]. However, for 3D systems the crystals 
structure and their (fast) response to temperature have not been characterized yet. 

By employing  small angle x-ray scattering (SAXS) we investigate the 3D assemblies of different 
Au-PNIPAM systems (Fig. 1b). We characterize in detail the full phase behavior as a function particle 
concentration and temperature. We find that with increasing concentration different phase 
transitions occur from fluid to crystal to disordered phases, while the soft interactions support a large 
crystalline regime. In addition, by increasing and decreasing temperature we observe melting and 
freezing transitions of the system (Fig. 1c). Furthermore, by employing a Bragg peak analysis method 
we explore the phase transition in detail [3,4] as well as the effects of different heating and cooling 
rates on the final crystal quality.  
 
Keywords: Nanoparticles, PNIPAM microgels, colloidal crystals, SAXS, phase transitions 
 

 
Figure 1. (a) TEM image of Au-PNIPAM colloids and schematic representation of the particle response to 

temperature. (b) Schematic SAXS setup. (c) Evaluation of Bragg peaks in response to temperature. 
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During  the  last  several  decades,  the  X-ray  Photon  Correlation  Spectroscopy  (XPCS)  has
emerged as a powerful alternative to conventional dynamic light scattering for the investigation of
concentrated complex fluids. XPCS enables the study of optically  opaque systems and provides
access to dynamics at large wave vectors or small size scales. In the past, applications of XPCS have
been primarily restricted to slow dynamics in condensed matter systems due to limited coherent
photon flux and frame rate of  high resolution detectors.  The advent of the Extremely  Brilliant
Source (EBS) at the ESRF, together with fast pixel array detectors overcome the above limitations
and enable probing faster dynamics than Brownian diffusion [1]. 

This  presentation  will  focus  on  the  applications  of  the  XPCS  in  the  ultra-small  angle  range,
probing, for instance, fast advective motions in hydrodynamic flows [2] or active motions of self-
propelled colloids [3]. Furthermore, a speckle contrast close to 0.45 and inherent mixing of the
scattered signal with the parasitic background reference signal can be exploited for performing the
heterodyne analysis. The simultaneous homodyne and heterodyne detection schemes enhance the
information content in a multispeckle XPCS experiment. The unique low q-range (0.001–0.1 nm-1)
exploitable, together with the broad time scales down to 50 microseconds, opens an array of new
applications  of  XPCS  including  velocimetry,  velocity  fluctuations  in  hydrodynamic  flows,
superdiffusion of active particles, etc. 

Keywords: XPCS, USAXS, non-Brownian dynamics
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Attractive colloids form out-of-equilibrium states such as colloidal gels and attractive glasses, 
which often exhibit strong thixotropy. Their mechanical properties are affected by pre-shear history 
and show a time evolution after nonlinear steady or oscillatory shear tests due to shear induced 
structural changes and subsequent restructuring and stress relaxation after shear cessation. Both in 
model and industrial systems such preshear protocols can be used to enable fine-tuning of the 
structure and mechanical properties. In fact such systems may be driven in different metastable 
states, possibly, not accessible via a thermodynamic route, i.e. changing interactions or volume 
fraction.  

Here we present a variety of experiments (combining rheometry and confocal microscopy) and 
computer simulations on colloidal gels with different attraction strengths and volume fractions both 
for spherical or rodlike particles as building blocks. We follow microstructural changes at the single 
particle and the cluster level during yielding induced either by steady or by oscillatory shear. In the 
latter we distinguish between reversible and irreversible rearrangements of single particles (spheres 
or rods) or clusters as a function of strain amplitude and frequency, and relate them with the 
rheological response and final mechanical properties of the gel. We thus demonstrate how steady or 
oscillatory shear is able to tune the gel structure (both local density and orientational order) and how 
this is linked with the mechanical properties of the sample.  
 
 
Keywords: Colloidal gels, shear induced tuning, thixotropy 
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The study of the collective motion of active/actuated colloids in confined environments opens a 
promising avenue for manipulating molecules or microcargos in the low Reynolds number regime 
and sheds light over transport mechanisms in biological systems. In fluid interfaces, where the state 
of these confined systems are deeply determined by their in-plane spatial distribution, by small 
variations in the particle contact angle and by specific interactions with the boundaries [1], the main 
strategies for transporting colloids are based on surface waves, magnetocapillary and Marangoni 
effects, or self-generated gradients [2]. 

In this work, we show that magnetic micro-spheres asymmetrically adsorbed at a flat fluid 
interface can be transferred between different-sized spheres equally confined. The magnetic colloidal 
suspension, energized by a precessing and flashing magnetic field, serves as a dynamic lattice in 
which smaller magnetic spheres are collectively transported on planned two-dimensional 
trajectories. By changing the strength, frequencies, and tilt angle of the flashing/precessing field, the 
driven microspheres display random or deterministic motion. The gradual increase in the number 
of motile entities leads to an inverted scenario where the particles that formed the lattice before are 
conveyed on a monolayer of the initially motile ones. The studied system, easy to implement and 
monitor, can be used in the transport of molecules or colloidal cargos on flat fluid interfaces [3]. 

Keywords: active matter, collective transport, colloidal monolayer, fluid interface, self‐assembling 

   

Figure 1: In this easily implementable strategy, small microparticles adsorbed at a fluid interface are transported through a lattice 
of larger spheres, in a practically deterministic motion, by periodically inverting the vertical component of a precessing field.
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Stimuli-responsive self-assembly of (an)isotropic colloids has resulted in a plethora of self-
assembled structures with potential application towards the fabrication of smart materials. Although 
much effort has been invested for understanding the relationship between the shape of the building 
blocks and the self-assembled structures, knowledge regarding their dynamics is clearly lacking, 
which can act as an impediment in exploiting the full potential of the resulting smart materials. In 
the present article, using multispeckle ultra-small-angle X-ray photon correlation spectroscopy 
(USA-XPCS) and magnetic colloidal ellipsoids, we have carried out a systematic investigation to 
unveil the relation between the field-driven self-assembled structures and the corresponding 
collective dynamics at the nearest neighbor length scale. The USA-XPCS measurements have allowed 
us to probe the q dependence of the effective long time collective diffusion coefficient, 𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒(𝑞𝑞), over 
a wide range of volume fraction, φ, and external magnetic field, B. Our results highlight that 𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒(𝑞𝑞) 
scales with the inverse of the scattered intensity, I(q), in different azimuthal directions for the various 
self-assembled phases that form at different φ and B. At high φ, the system approaches a kinetically 
arrested state both in the presence and absence of B. We find that the slowdown of 𝐷𝐷𝑒𝑒𝑒𝑒𝑒𝑒(𝑞𝑞), at high 
φ is anisotropic, which hints towards the formation of an oriented glass. Our approach opens up new 
avenues for exploring the stimuli-responsive dynamics of strongly interacting colloidal systems with 
diverse shapes and chemical compositions. 
 
Keywords: Anisotropic dynamics, Colloids, XPCS, 
 
 

 
Figure 1. Left: Scattering intensity (I) as a function of q for different volume fractions of the particles; insets show the 
diffraction patterns for the lowest and highest concentrations. All the data correspond to 1000mT and along the direction 
of the field. Right: Diffusion coefficients (D) at particular values of q (indicated by the dots on the intensity profiles in the 
left graph). Different colours correspond to different volume fractions of the particles. 
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Colloidal particles are great targets for studying biomedical applications, self-assembly, stability, 
etc. We have recently aimed to investigate the behaviour of dispersions containing polymer-grafted 
PS particles under various conditions such as addition of polymers or temperature variation. We 
specifically made an attempt to assess the contribution of polymer-mediated interactions to particle 
stability. Using a polymer addition, PEG with a molecular weight of 100 kDa, to PS particles grafted 
with short chains of PEG with MW of 2 kDa, we could detect different responses of particles to a 
temperature increase. We present our results in the following figures, where a nonmonotonic tem-
perature response of particles was observed, indicating that a polymer-induced aggregation which 
was corresponded to depletion interactions was followed by a complete redispersion of particles. A 
further temperature increase resulted in a vigorous aggregation due to the contribution of bridging 
forces. We claim that the resulting intermediate regime at which particles remain dispersed in a 
presence of polymer could be of great importance for studying systems where partial adsorption of 
polymer to particle surface is of interest while maintaining stability. Furthermore, upon a thermal 
analysis, we could notice a clear difference between aggregates before and after PEG addition, where 
particles aligning linearly in the absence of polymer, form more branched clusters after polymer 
addition. This was due to the brush length difference of polymers and their impact on chain entan-
glements.

In connection with the experiments, we also applied our models, established recently, using 
DFT and MC code, to verify the accuracy of our theoretical predictions at different conditions of 
experiments.

Figures:
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In recent years, an increasing interest in harnessing chemical energy in the form of solute 
concentration gradient has led to the exploration of colloidal particle manipulation by 
diffusiophoresis (DP) in microfluidic devices [1]. Transient salt concentration gradients have been 
successfully used to achieve enhanced particle transport into dead-end structures by DP and 
diffusioosmosis (DO) effects [2-3]. In this study, we report a novel mechanism for reversible trapping 
of particles in dead-end micro-structures via steady-state solute gradients in a continuous flow 
setting [4]. A microchannel, made of optical adhesive glue, was fabricated by photo-/soft-lithography 
techniques and fitted with a transverse microgrooved wall. The charged fluorescent colloidal 
particles were accumulated within the microgrooves by pumping parallel electrolyte solutions into 
the device junction. The spatial distribution of particles within the channel was characterized via 
confocal microscopy and a numerical investigation was carried using finite element simulations. As 
shown by the confocal scans in the figure, we found that particles accumulate within the flow 
recirculation region beneath the groove entrance due to a combination of DP transport and 
hydrodynamic effects. The trapping phenomenon is fully reversible and particles can be cyclically 
trapped into and released from the grooves by controlling the salt concentration of the parallel 
streams via a flow switching valve. The proposed method offers great potential for microfluidic bio-
analytical testing applications, including bio-particle pre-concentration and signal amplification. 
 
Keywords: Diffusiophoresis, Microfluidics, dead-end structures, Soft matter 
 

 
Figure 1. Experimental steady-state distribution of fluorescent particles without (top panel) and with (bottom panel) a 

salt gradient, in a plane parallel to the flow direction. White dashed lines represent the walls of the microchannel. 
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Hydrogels are advantageously biocompatible, transparent and soft. Used as thin coatings, they find 
applications in surface engineering (surgical implants) or optics (anti-fog coatings), where their 
lubricating properties are of primary importance. When a thin hydrogel coating is pressed against a 
rigid probe, enhanced contact stresses promote water transport through the porous hydrogel 
network. Then, the mechanical response of the gel involves a coupling between network elasticity 
and solvent permeation through the network. The importance of such poroelastic effects on frictional 
properties of thin hydrogel films in steady state was evidenced in a previous study by Delavoipière et 
al. [1]. Here, we consider a contact between a rigid glass sphere and a micrometer-thick hydrogel 
film and we examine the role of poroelasticity on friction in the transient regime corresponding to 
the application of a lateral relative motion to the contact initially at rest. From experiments with in 
situ contact visualization, we measure friction force, normal load and contact size over time (Fig. 1). 
Depending on both static contact time and sliding velocity, either an overshoot or an undershoot in 
the friction force is observed during the transient regime. We show that the relaxation of the friction 
force towards steady state is uniquely dictated by the time-dependence of the contact radius 
whatever the velocity or the applied normal load. These results are discussed in the light of a 
poroelastic contact model developed using a thin film approximation and based on the assumption 
that friction arises solely from viscous water flow within the hydrogel network without any significant 
contribution from adhesion at the interface [2]. We believe our work has direct applications in 
mechanically resistant coating design since we provide a full description of the friction peak at sliding 
initiation: this peak could lead to damages in the coating. 
 
Keywords: hydrogel films, friction, poroelasticity, transient regime 
 

 
 

Figure 1. (Top) Schematic of a glass sphere sliding with a velocity V under an imposed normal load F on a hydrogel 
layer (thickness e0) grafted to a glass substrate. Friction force Ft is measured. (Bottom) An image of the contact is 

shown: the hydrogel/glass sphere interface appears as a black zone of radius a while rings are interference fringes of 
equal thickness in white light. Scale bar = 100 µm. 

 
References 
[1] J. Delavoipière, Y. Tran, E. Verneuil and A. Chateauminois, Langmuir, 2018, 34, 9617-9626.  
[2] L. Ciapa, J. Delavoipière, Y. Tran, E. Verneuil and A. Chateauminois, Soft Matter, 2020, 16, 6539-
6548 

TOPIC: POLYMERS, POLYELECTROLYTES, GELS, LIQUID CRYSTALS, ANISOTROPIC FLUIDS

201



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

OP9.2
 

 
 Hydrogel thin films: Hydrogel / Substrate interfacial 

Properties  

 
Anusree Augustine1, Antoine Chateauminois1, Emilie Verneuil1, Yvette Tran1 

11Laboratoire Sciences et Ingénierie de la Matière Molle, ESPCI Paris, Paris, France 
 

anusree.augustine@espci.fr 
 
Hydrogel coatings are transparent and hydrophilic polymer network which can absorb a lot of water. 
They can be used to delay the mist formation which makes them suitable candidates for anti-fog and 
anti-mist [1] coatings. We have developed a model system consisting of hydrogel thin films 
chemically grafted onto solid substrates to study the durability of these coatings. 

Surface-attached hydrogel thin films are prepared using simultaneous Cross-Linking And 
Grafting functionalized polymer chains by (thiol-ene) click chemistry [2]. Our “CLAG” strategy 
provides the facile adjustment of physico-chemical properties of hydrogel films such as the film 
thickness, the grafting density at the gel/substrate interface, and the crosslinks density of the 
polymer networks which sets the water absorption ability of the films. The surface-attached hydrogel 
films we investigate are made with poly(dimethylacrylamide).  

We are investigating the durability of hydrogel coatings by studying the conditions under 
which a hydrogel film can debond from the glass substrates. Due to swelling stresses, the 
gel/substrate interface is submitted to large shear stresses and may fail. We are aiming to describe 
these debonding processes in relation to the physical chemistry of the interface (nature of the 
chemical bonds, grafting density) to control and predict the failure of the coatings during swelling or 
under contact stresses. For that purpose, we developed a methodology consisting of monitoring the 
initiation and the propagation of swelling-induced delamination from preexisting interface defects 
created using patterning techniques along lines. We obtain delamination patterns as in Figure1, the 
pattern is so-called telephone cord instability [3]. We measure the propagation velocity both in the 
pattern longitudinal direction and transverse direction. We anticipate the measured velocities can 
be related to the physio-chemistry of the grafting of the hydrogel layer onto the substrate. 

 
 

Keywords: Hydrogel thin films, Hydrogel/substrate interface, Delamination, Telephone cord 
instability. 
 

 
 

Figure 1. Telephone cord instability of the delaminating PDMA film with 2µm dry thickness, 2 swelling ratio, 20µm 
Initial Width of the pattern, 13µm/s longitudinal velocity and 1.9µm/s transverse velocity. 
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Over the past decade, organogels have aroused the interest in the field of the rheology control of non-
aqueous media. Indeed, there is an industrial need to develop new shear thinning viscoelastic 
formulations capable of suspending various actives for applications such as cosmetics, agrochemistry 
or solvent borne coatings. Up to now, most of the rheology modifiers of organic media in the industry 
are based on hydrophobically modified inorganic compounds. [1] However, these technologies 
display industrial implementation issues. To tackle this challenge, we propose an approach based on 
the supramolecular self-assembly of Low Molecular Weight Gelators, such as N-alkyldiamide 
derivatives that lead to organogels in a large scope of solvents. 

The aim of this work is to understand the solvent effect on the self-aggregation of these 
molecules and the rheological properties of the obtained materials. The solvent plays a key role in 
the formation and the stability of supramolecular self-assemblies. However the understanding and 
eventually the control of its effects can be complex as it is often a combination of various parameters. 
That is why solvent scales such as Hansen parameters [2] and Catalan parameters [3] among other 
scales have been used to rationalize the role of the solvent and identify the governing factors 
responsible for the rheological and structural features of these organogels.  

Correlations have been made between the gel strength, measured by the elastic modulus G’ 
during the kinetics of gelification, and the solvent H-bonding capability. (Figure 1) Structural 
analysis of these organogels such as phase contrast microscopy and Cryo-SEM have pointed out the 
existence of a fibrillar network which density and typical lengths are correlated to the solvent nature. 
Finally, the thermodynamics of gelification have also been studied by differential scanning 
calorimetry to investigate the sol-to-gel transition with regards to the solvent parameters. 
 
 
Keywords: organogels, self-assembly, supramolecular, rheology, solvent 
 
 

 
Figure 1. A) Elastic modulus G’ of the organogels as a function of the solvent Hansen H-bonding parameter δh in 

various solvent classes. B) Visual aspect of N-alkyldiamide organogels in different solvents. 
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Poly(N-isopropylacrylamide)– known as PNIPAM– microgels are water-soluble at temperatures 
below their volume phase transition temperature (VPTT = 32℃) [1]. By increasing the solution 
temperature over the VPTT, the microgels collapse and become insoluble in the water due to the 
breakage of hydrogen bonds subjected to the thermal energy. As a novel stimulus, we used high-
frequency ultrasonic waves to provide the required energy for breaking hydrogen bonds while the 
solution temperature maintains below VPTT.  

Ultrasonic waves propagate through the solution and their energy will be absorbed due to the 
liquid viscosity. The dynamic viscosity is responsible for partially absorbing the transmitted energy 
and creating a streaming flow. On the other hand, the rotational and vibrational relaxations of the 
liquid molecules can be evaluated by a term which is called ‘bulk viscosity’. In this work, turbidity is 
used as a way to visualize the absorption of acoustic energy due to the rotational and vibrational 
relaxations of PNIPAM solutions; and the corresponding bulk viscosity is determined. 

 In order to break the hydrogen bonds, 5 kJ per mol of NIPAM monomer in the water is 
needed [2]. Therefore, by having the amount of NIPAM in the solution, one can calculate the 
required energy for making the solution fully turbid. We used image processing to quantify the 
absorbed energy by the hydrogen bonds in different solution concentrations of 0.2 wt%, 1 wt.% and 
5 wt.%. At higher solution concentrations the energy absorption is faster meaning that the bulk 
viscosity is higher. Therefore, the viscous relaxation time, increases as the solution concentration 
increases. It means that in dense solutions, PNIPAM particles are immensely slower in rearranging 
their molecules.   
  
Keywords: PNIPAM microgels, Ultrasonic waves, Hydrogen bonds, Bulk Viscosity 
 

 
Figure 1. Visualization of ultrasonic energy absorption by PNIPAM linear microgels, and the corresponding 

quantified absorbed energy over time. 
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The encapsulation of fragile biomolecules is crucial for many biotechnological applications but 
remains challenging. Interfacial complexation in water-in-oil emulsions is an efficient process for 
the formation of protective polymer layers at the surface of water droplets[1–3]. We propose to 
further enhance this process by introducing thermoresponsive poly(N-isopropylacrylamide) 
(PNIPAM) strands in the interfacial polymer layer. We expect an enrichment of the polymer layer 
triggered by the thermal collapse transition of PNIPAM occurring at Tc=34°C.  

We implemented surfactant-polymer interfacial complexation in a water-in-fluorocarbon oil 
emulsion between a poly(L-lysine)-g-poly(N-isopropylacrylamide) cationic copolymer (PLL-g-
PNIPAM) and an anionic surfactant (Krytox). We assessed the formation and the 
thermoresponsiveness of the so-formed interfacial polymer layer by confocal microscopy and 
quantified the amount of polymer involved in this layer upon the collapse transition of PNIPAM. 

The thermal transition of interfacial PLL-g-PNIPAM enabled to significantly increase the 
amount of polymer deposited at the interface (Fig. 1). This process was leveraged to irreversibly 
segregate water-soluble nanoparticles in the interfacial polymer layer, resulting in gel-like mixed 
shells. It demonstrates that thermo-enhanced interfacial complexation is a promising approach for 
the formation, strengthening and functionalization of capsule shells. Implemented in mild 
conditions, it is additionally compatible with the encapsulation of proteins, paving the way for new 
delivery systems. 
 

Keywords: PLL-g-PNIPAM, interfacial complexation, water-in-fluorocarbon emulsion, 
thermoresponsive polymer, polymer capsule. 
 

 
Fig. 1. Left: Schematics of the thermo-enhanced interfacial complexation between PLL-g-PNIPAM comb-like copolymer 
and Krytox surfactant in a water-in-fluorocarbon oil emulsion. Above Tc=34°C, the collapse transition of PNIPAM 
strands (royal blue) triggers the accumulation of PLL-g-PNIPAM at the interface upon hydrophobic interactions.  
Right: Confocal micrographs of polymer capsules after (i) polymer accumulation at the interface (red), (ii) nanoparticles 
capture in the polymer layer (green) or (iii) protein encapsulation in the droplet core (green). Scale bar = 10µm. 
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Colloidal suspensions of cellulose nanocrystals (CNCs) that self-assemble into chiral nematic phases 

are sensitive to the suspending solvent, composition of the solution, and the presence of polymeric 

molecules. Each of these components shifts the phase diagram of the assembling CNC and the 

properties of the chiral nematic (N*) phase. Though entropic interactions such as depletion and 

excluded volume are expected to dominate these systems, our studies indicate that they are 

dominated by the detailed chemical composition and structure of the solvent and the additives [1]. 

Three different systems will be presented. A binary liquid mixture of water and ethylene glycol where 

the effect of the solvent-mixture composition on the properties of the CNCs mesophases is found to 

be scale-dependent [2]: The micron-size pitch of the N* phase decreases as the dielectric constant of 

the solvent mixture is reduced (higher EG content). Yet the nanometric inter-particle spacing of the 

CNCs rods (measured using SAXS and cryo-TEM) is almost independent on the EG content, nor is 

the transition to the biphasic regime. In addition, the effect of fully soluble hydrophilic polymers and 

core-shell polymeric micelles on the assembly of the CNCs and the phase behavior as revealed via . 

scattering methods and in-situ transmission electron microscopy (cryo-TEM) will be described.  

It is suggested that understanding of polymer-CNCs interactions in suspensions may enable the 

engineering of CNCs assembly into optically active hybrids and composites.   

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: POM SAXS and cryo-TEM images of CNCs N* in water-EG mixture  
 
Keywords: Cellulose nanostructures, chiral nematic phase, polymers  
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Describing the dynamics of polymers near solid surfaces is crucial to adhesion, friction, or mechanics 
as they set the boundary conditions and the whole dynamic response. However, isolating  
polymer/substrate interactions from polymer/polymer interactions is extremely challenging. To do 
so, we conducted wetting experiments on oxidized silicon wafers to promote the spreading of 
submolecular thickness polymer films, where all the chains should interact with the surface [1]. 

We took advantage of pseudopartial wetting to promote the spreading of precursor films whose 
surface density smoothly decays to zero away from a sessile droplet. For polybutadienes on oxidized 
silicon we show these films contain polymer chains in a 2D semidilute state. From their spreading 
dynamics, we measure molecular diffusion coefficients for different molar masses and temperatures.  

For homopolymers, we show that molecular diffusion coefficients are independent from 
density. This suggests little interactions in between polymer chains compared to polymer/surface 
interactions. Besides, the diffusion coefficient is inversely proportional to molar mass, a signature of 
two-dimensional Rouse diffusion [2]. Hence, the Rouse mechanism at stake involves the sole friction 
of monomers with the silica interface. By varying the temperature, we determine a surface activation 
energy characterizing the interactions of silica with the monomers.  

This thermally activated 2D Rouse diffusion mechanism is generalized to chains with specific 
terminal groups. For hydroxy-terminated polybutadienes, variations of the diffusion coefficient with 
molar mass were successfully accounted for by modeling the chain friction as the sum of friction 
coefficients of each of its monomers. 
 
Keywords: wetting precursor films, polymer diffusion, activation energy 
 
 

  
Figure 1. (Top) Ellipsometric microscopy images of nanometer-thick films spreading around a central circular droplet 

of polybutadiene melt onto oxidized silicon wafers. (Bottom) Film thickness profiles at different times. 
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The controlled orientation of nanowires inside a polymeric medium can enhance desired properties 
of the composites, such as the electrical conductivity or the optical transmittance [1]. In this work, 
we study the silver nanowires (Agnw) orientation in semidilute suspensions of DNA and find a novel 
and intriguing effect: under the application of low-frequency AC electric fields with moderate 
amplitude, the DNA coils can provoke a strong alignment of the wires in solution. We show that such 
a behavior is not exclusive of silver nanowire-DNA suspensions, but rather occurs for other polymers 
(poly(ethylene oxide) and poly(acrylic acid)) and particles with different chemical composition and 
geometry (elongated sepiolite and graphene oxide sheets), this opening a new prospect in the 
manipulation of nanoparticles otherwise insensitive to electric fields. 

This phenomenon can be explained by anisotropic excluded volume interactions, which arise 
upon deformation of the polymer coils by the applied electric field. This hypothesis is supported by 
different experimental results: the correlation between the Agnw orientation and the DNA 
stretching, the proportionality with the polymer concentration and the enhancement of the effect for 
longer and stiffer polymers. In addition, a computer simulation of the particle-polymer system is 
presented, allowing to satisfactorily describe the experimental findings [2].  

 
 

Keywords: Electric birefringence, DNA, Ag nanowires, polymer-induced orientation 
 

 
 

Figure 1. Top: Scheme of the electro-orientation of silver nanowires (blue) in the presence of DNA coils  (purple). 
Bottom: Effect of the frequency of the AC electric field on the nanowires alignment. 
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Poly(N-isopropylacrylamide) (PNIPAM) is a widely studied material, owing to its thermoresponsive 
nature. It shows a Lower Critical Solution Temperature around 305 K, where the polymer undergoes 
a conformational transition: below, chains are hydrated and dispersed in water; above, they become 
insoluble, leading to a sharp but reversible coil-to-globule transition [1]. 

Recent works have highlighted PNIPAM systems as models to mimic protein folding and 
denaturation, reporting evidence of a protein-like dynamical transition around 250 K in 
concentrated suspensions [2,3]. The role of the polymeric architecture on this transition was 
investigated by examining linear chains and microgels. Microgels are colloidal particles consisting 
of a cross-linked network, with a structure characterized by a dense core surrounded by a loose 
corona. This architecture is particularly suitable to confine water molecules, and, since water content 
plays a fundamental role in the dynamical transition, it is worth investigating microgels in a wide 
range of concentration. Notwithstanding the wide literature on PNIPAM, little is known on its 
properties at low temperature and high concentrations [4]. 

Here, dispersions of PNIPAM linear chains and PNIPAM microgels were compared, to 
understand the effect of the topological structure on the solution behavior and on the capability of 
confining water. To further investigate water-polymer interactions, properties of a hydrogenated 
microgel and a deuterated one were compared. Using Dynamic Light Scattering experiments at 
different temperatures, we observe that selective isotopic substitution alters the solution transition 
temperature and behavior. Moreover, an extensive Differential Scanning Calorimetry 
characterization, carried out in a wide range of temperatures and concentrations, allows us to probe 
the evolution of the hydration properties of these systems and to monitor the behavior of bulk and 
hydration water. Altogether, these findings highlight the role played by the polymer architecture, 
identifying microgels as the most efficient confining agents. 

 
Keywords: PNIPAM; microgel; water; architecture; isotope substitution. 
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A textbook example of allostery is the collective binding of oxygen molecules to hemoglobin [1, 2]. 
This form of collectivity can occur if there are at least two conformational states: a ground state with 
low affinity to a ligand, and an unfavorable state with higher affinity. Here we show that such an 
effect also occurs in much simpler macromolecules compared to hemoglobin:  a polymer backbone 
with terpyridine functional groups. Terpyridine is an extensively used ligand due to its high affinity 
towards complexation with many transition metals [3]. Polymers were designed containing varying 
terpyridine and hydrophobic side groups. In the ground state, these polymers are hydrophobic and 
reside in oil in a two-phase system with oil and an aqueous solution. We demonstrate that upon 
increasing the iron concentration in water, a sharp transition occurs where iron collectively binds to 
the polymer, and at the same time the polymer moves to the aqueous phase. This behavior can be 
explained by competition between hydrophobic energy of the polymer chains in oil, and binding of 
iron ions onto terpyridine. Additional collectivity occurs because of the gel-like network that is 
formed in these systems.  
 
Keywords: Collective Behavior, Terpyridine-Functionalized Polymers, Oil/Water Interface. 
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The interaction of polyelectrolyte-surfactant with interfaces plays a very important role in many 
technological fields, including cosmetics, food science or drug delivery. This has stimulated the 
research trying to shed light on the most fundamental aspects governing the adsorption processes 
and the equilibration of the interfacial layers [1,2,3]. The current knowledge of the physico-chemistry 
of polyelectrolyte-surfactant systems has evidenced that in most of the cases, the association process 
of polyelectrolyte and surfactant molecules in the bulk is guided by non-equilibrium effects, even 
though the control of the mixing protocol allows obtaining reproducible aggregates (kinetically 
trapped-aggregates), with these non-equilibrium effects impacting decisively on their interfacial 
properties of polyelelectrolyte-surfactant systems. Therefore, the understanding of the interfacial 
processes involving polyelectrolyte-surfactant mixtures makes necessary the analysis of the 
association phenomena occurring in the bulk, i.e. the formation of the so-called polyelectrolyte-
surfactant complexes, and their impact on the equilibration of the interface.

This work addresses the main physico-chemical aspects related to the formation of 
polyelectrolyte-surfactant layers at fluid interfaces, combining a careful examination of the 
equilibrium and rheological properties of the interfacial films with the structural and compositional 
information obtained using neutron reflectometry. Furthermore, the assembly of the mixtures will 
be correlated to the bulk association processes trying to provide a comprehensive picture describing 
the interfacial behavior of polyelectrolyte-surfactant mixtures at fluid interface. This requires the 
study of combinations of different polycations (poly(diallyldimethylammonium chloride) and 
chitosan) with surfactant bearing different charge (neutral, anionic and zwitterionic). Thus, it will be 
possible to obtain a whole perspective of the role of the association processes on the structure and 
properties of the interfacial layers.

Keywords: polyelectrolytes, surfactants, fluid interfaces, rheology, adsorption, neutron 
reflectometry
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We investigated the adsorption properties of the recently synthesized, hydrophobically 
functionalized polyelectrolyte (HF-PE), poly(4-styrenesulfonic-co-maleic acid) copolymer 
(PSS/MA) [1,2]. The hydrophobic alkyl side chains (C12 or C16) were incorporated into the 
polyelectrolyte backbone via the labile amide or ester linker to obtain the product with the assumed 
amount of 15% and 40% degree of grafting for every length of the alkyl chain, i.e., PSS/MA-g-C12NH2, 
PSS/MA-g-C12OH (15% or 40%) as well as PSS/MA-g-C16NH2, PSS/MA-g-C12OH (15% or 40%). We 
determined both the effect of the linker, grafting density and the length of alkyl chain on adsorption 
at water/air and water/decane interfaces, as well as on top of the polyelectrolyte multilayer (PEM) 
deposited on a solid surface. The dependence of the interfacial tension on copolymer concentration 
was investigated by the pendant drop method, while the adsorption at solid surface coated by 
poly(diallyldimethylammonium chloride)/poly(styrene sulphonate) films by the quartz crystal 
microbalance with dissipation (QCM-D), attenuated total reflection Fourier transform infrared 
spectroscopy (FTIR-ATR) and contact angle analysis. Additionally, we performed the molecular 
dynamics simulations of a grafted polyelectrolyte with amide and ester linkers.  

We found that the surface activity at the water/air interface of the hydrophobized copolymers 
with amide linker was higher than copolymers with ester one. That can be explained by the formation 
of more tight hydrophobic domains along the (PSS/MA) backbone by alkyl side chains connected 
with ester linker. Due to intramolecular hydrogen bonds between amide groups of the linker and 
adjacent carboxylic groups the conformations of alkyl chains are more restricted and they are more 
exposed to water. Therefore, the free energy gain  is higher when the HF-PE is transferred to 
water/air interface. 

We observed that the surface activity was practically independent of the grafting ratio for C16 
side chains, whereas, for C12, the copolymer with a lower grafting ratio seemed to be more surface 
active. The results of QCM-D and FTIR-ATR experiments confirmed the adsorption of 
hydrophobized copolymers at PEM, largely independent of the linker. Adsorption of the HF-PE 
modified the wetting of the multilayer film and changed the water structure.  

The hydrophobically modified PSS/MA can be successfully applied to form (nano)emulsions 
for further active substances encapsulation using the sequential adsorption method or as one of the 
convenient building blocks for the surface modification of materials. 
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External electric fields are a very useful tool for manipulating matter from the molecular to the 

micrometre scale. On a molecular level, electric fields has long been exploited in the form of the now 
ubiquitous liquid crystal display. At larger length scales, they are increasingly being used to direct 
the self-assembly of nanometre- to micrometre-sized building blocks to form anisotropic materials 
with useful photonic, structural, transport and rheological properties [1-2]. 

Anisotropic material systems are often characterized via small-angle X-ray scattering (SAXS) 
with in-situ electric fields [3]. Such experiments simultaneously provide quantitative information on 
the structures, interactions, and, crucially, orientations present on the nanoscale. In many organic 
and soft-matter systems however, the electron density contrast between the sample and the matrix 
is weak and the samples may undergo damage in the X-ray beam. Both issues can be circumvented 
through the use of small-angle neutron scattering (SANS), however, to-date only a small handful of 
custom-built electric field sample environments have been reported in the literature [4,5]. 

To make this technique more accessible to the soft-matter community, we have built a new 
“universal” electric field sample environment that is simple, safe and easy to set-up and control on 
any SANS instrument. The sample environment is temperature-controlled and features external 
electrodes, allowing standard cuvettes to be used and conducting or ion-containing samples to be 
investigated without the risk of electrochemical reactions. Using a high-speed, high-voltage 
amplifier, the field strengths and frequencies reached are comparable to the SAXS analogues. To 
demonstrate the capabilities of the set-up, we present the results from a study of a guest-host liquid 
crystal system of polypeptide helices embedded in a thermotropic liquid-crystalline matrix. 

 
Keywords: E-Field, SANS, Liquid Crystals, Anisotropic, Alignment 
 

 
Figure 1. From left to right: schematic of the sample environment; SANS data from a liquid crystal (LC) cooling in an 

electric field; detector images showing the different LC phases in the presence or absence of an electric field 
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Anisotropic colloidal particles exhibit a rich phase behaviour that includes many different 
mesophases and whose control and understanding are valuable for both technological applications 
and fundamental physics. In particular, functionalized spherocylindrical nanocolloids offer a broad 
pool of particle designs, with a plethora of potential applications, all of which require strong control 
over the intermolecular properties [1-2]. When nanoparticles are used in the framework of drug 
delivery, preventing finite density aggregation becomes of paramount importance, whereas, 
nanoparticles designed for material science applications require complete control over the 
realization of self-assembled ordered phases.  
Theoretically, it is possible to design nanoparticles tuning their size and local interactions. However, 
it is experimentally unfeasible to fully control such single-particle properties. This complicates the 
possibility to have full control over the phase behaviour of finite solutions of such particles. This work 
aims at modelling the role played by size polydispersity and local interactions during the self-
assembly process.  We present an in-depth investigation focused on the influence of polydispersity 
and local functionalization on the self-assembly process of recently synthesized CTAB coated Au/Ag 
spherocylinders. The nanoparticles are first analysed by TEM to quantify their polydispersity, which 
is then used to deconvolve experimental SAXS data in a wide range of concentrations. This is 
achieved by exploiting a hybrid theoretical and computational approach driven by the experimental 
data, to parametrize the experimental structure factors, accurately model interactions between 
nanoparticles, and building a detailed phase diagram of the system in terms of the selected control 
parameters. By leveraging on our model, we explore the physical properties of solutions of CTAB 
coated Au/Ag spherocylinder-like nanoparticles as a function of their aspect ratio, polydispersity and 
concentration, and investigate chemically functionalized (L-cysteine coating) CTAB Au/Ag 
nanoparticles. 
 
 
Keywords: functionalized elongated nanoparticles, polydispersity, tunable self-assembly, theory, 
experiments 
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Surface grafted polymers have long been studied for friction reducing properties. Polymers swell and extend 
out of the surface in favourable solvent creating a lubricious fluid layer resistant to penetration, in unfavourable 
solvents the polymers do no such thing. Hence polymer brushes tend to only reduce friction in one type of 
solvents and not in other solvents. In this study a series of 1-n-butyl-3-vinylimidazolium bromide ([BVIM]Br) 
based poly(ionic liquid) (PIL), synthesized with varying polymerization times onto silicon were investigated for 
friction reducing capabilities in dodecane and water. 
 Friction coefficient measurements between the surface grafted polymers and borosilicate glass show a 
reduction in friction coefficient in both water and dodecane, while a larger reduction is seen in dodecane. To 
evaluate the difference in reduction of friction coefficients, colloidal probe spectroscopy was performed with a 
borosilicate glass colloidal probe. The approach curves show initial repulsion in water implying the polymers 
are extended out in a brush configuration. The approach curves in dodecane however, show no early onset of 
repulsion suggesting they are not extending out at the surface. This means the polymers are not forming the 
brush configuration in dodecane but still mitigating friction. The data can be seen in Figure 1.  
 Adhesion forces between the borosilicate glass probe and the polymer surface in the solvent 
environments were measured. A higher adhesion force is seen in water than dodecane showing that the water 
is reducing friction by adopting the brush configuration and creating a lubricious layer separating the two 
surfaces, whereas in dodecane the polymers are not extending out and instead reducing friction by minimising 
adhesive interactions between the contacting surfaces. Therefore, the polymers presented in this study are 
solvent responsive and are able to reduce friction in differing solvents by varying the lubrication mechanism.   
   
Keywords: Tribology, Polymer Brush, Ionic Liquids, AFM.  

 
  
 
Figure 1.  (Top left) – friction coefficient data relative to bare silicon surface (dotted line). (Top Right) – Adhesion force 
data. (Bottom) – Force curve plots in dodecane (right) and water (left). 

.  

 

Dodecane Water 
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Multiblock copolymers with charged blocks are complex systems which show great potential for 
enhancing the structural control of block copolymers. We investigate a pentablock terpolymer 
PMMA-b-PDMAEMA-b-P2VP-b-PDMAEMA-b-PMMA that contains two types of midblocks, which 
are weak cationic polyelectrolytes, namely poly(2-(dimethylamino)ethyl methacrylate) 
(PDMAEMA) and poly(2-vinylpyridine) (P2VP), and these are end-capped with short hydrophobic 
poly(methyl methacrylate) (PMMA) blocks [1]. The self-assembly behavior of this type of charged 
multiblock copolymer in dilute aqueous solution and in thin films is discussed in dependence on the 
degrees of ionization of the P2VP and PDMAEMA blocks, which are altered in a wide range by 
varying the pH value. High degrees of ionization of both blocks prevent structure formation, whereas 
microphase-separated nanostructures form for partially charged and uncharged states. In solution,
the nanostructure formation is governed by the dependence of the solubility of the P2VP block and 
the flexibility of the PDMAEMA blocks on the degree of ionization. In contrast, in thin films, the 
dependence of the segregation strength on the degree of ionization is key. Furthermore, the solution 
state plays a crucial role in the film formation during spin-coating. Overall, both the mixing behavior 
of the three types of blocks and the block sequence, governing the bridging behavior, result in strong 
variations of the nanostructures and their repeat distances.

Keywords: block polymers, self-assembly, pH-responsive polymers, solution behavior, thin films,
scattering methods

Figure 1. Schematic representation of the charge state of the pentablock terpolymer 
along with the thin film and solution structures in dependence on the pH value.
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Double hydrophilic block copolymers self-assemble into smart materials with promising 
applications, ranging from desalination membranes, through crystal growth modification and 
nanoparticle fabrication, to gene therapy and drug delivery. However, such practical applications 
require thoroughly understanding the underlying mechanisms of this self-assembly process and the 
effects of external stimuli on the resulting materials. 

Thus, we report the post-polymerization modification of a pH-responsive diblock copolymer 
(poly(ethylene oxide)-b-poly(4-vinyl pyridine)) by stimuli-responsive phenylboronic acid 
derivatives, that can reversibly form boronate esters with 1,2- or  1,3-diols, such as pharmaceutical 
drugs, sugars, prostaglandins and steroids. For this purpose, we performed simple quaternization 
reactions at different degrees (25, 50 and 100%) confirming full control over the degree of 
quaternization by nuclear magnetic and infrared spectroscopy. Furthermore, we conducted a 
comprehensive study of the self-assembly behavior by static, dynamic and electrophoretic light 
scattering and by AFM to explore in detail the effect of the degree of quaternization on the solubility 
of the polyzwitterionic polymers, the nanoparticle size and zeta potential as a function of pH, and 
the interaction with solid surfaces of mica and of polished silicon. 
 Ultimately, these findings will enable the reproducible preparation of stimuli-responsive 
double hydrophilic block copolymers incorporated with pH-induced diol-binding boronic acid 
functionalities, thereby facilitating further studies on their biomedical applications as nanocarriers 
in the transport of functional diols, including targeted drug delivery [1–3].  
 
Keywords: Phenylboronic acid; Polyzwitterions; Self-assembly; Stimuli-responsive polymers 
 

 
Figure 1. The characterization of the self-assembled nanoparticles of PEO-b-P4VP double hydrophilic block copolymer 

incorporated with stimuli-responsive, diol-binding boronic acid functionalities 
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Amphiphilic block copolymers with a hydrophilic and a hydrophobic block are able to form micelles 

in aqueous solution and such systems have been studied to quite some extent due to the fact that 

such block copolymer micelles are interesting for a number of applications. Via the length of the 

individual block, one can control the overall size of the aggregates, while their architecture depends 

mostly on the length ratio of hydrophilic and hydrophobic block. In this study, amphiphilic 

copolymers with poly (alkyl acrylate) as hydrophobic and poly (acrylic acid) (AA) as hydrophilic 

block have been synthesised. The alkyl chain was varied from butyl to dodecyl, thereby varying 

systematically the polarity of the hydrophobic block whose length was between 35 and 70, while the 

PAA block had ~ 100 units. Such relatively short amphiphiles should equilibrate quickly in aqueous 

solution, and their corresponding self-assembly process was characterised by determining the 

critical micelle concentration (cmc). Detailed information regarding the aggregate structures was 

obtained by static light scattering (SLS) and small angle neutron scattering (SANS)[1]. These 

analyses showed that the tendency for micellization and the size of the formed micelles depend in a 

systematic way on the length of the alkyl chain of the acrylate and on the total length of the 

hydrophobic block. These copolymer micelles, were then employed to form IPECs with quaternized 

chitosan (q-chitosan) and poly(diallyldimethylammonium chloride) (PDADMAC) with the aim of a 

comparison of the effect of polycation. Their phase behaviour showed marked effects already at very 

low polycation addition, with precipitation and resolubilisation taking place. The structures in 

solution were further studied by SLS and SANS techniques (Figure 1). 

Keywords: ATRP, Polyacrylate, Self Assembly, q-Chitosan, SLS, SANS 

 
Figure 1. SANS intensity as a function of q for polymeric micelles and IPECs 

Reference [1] Ö.Azeri, D.Schönfeld, L.Noirez and M.Gradzielski, Structural control in micelles of 
alkyl acrylate-acrylate copolymers via alkyl chain length and block length,2020, Colloid Polym Sci 
298, 829–840. 
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In the last few years, hybrid assemblies composed of lipids and block copolymers have gained 
increasing attention as nanostructured drug delivery vehicles, combining the bio-relevance and 
biocompatibility of lipids with the stability and chemical tunability of synthetic copolymers [1]. Lipid 
bilayers respond to external stimuli and environmental changes but are often characterized by 
mechanical fragility and possible lack of chemical stability. Amphiphilic block copolymers represent 
a flexible synthetic alternative: their inclusion into lipid assemblies promotes stability and 
mechanical strength of the mixed membranes, allows for a tunable range of membrane thickness, 
and, in some cases, can promote in-plane phase separation into lipid- and polymer-rich domains [2]. 
  A thorough physicochemical understanding and structural control over the assemblies are 
necessary to translate this potential into applications. To this purpose, we present a comprehensive 
physicochemical and structural characterization, where hybrid molecular films are composed of the 
phospholipid 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) and the block copolymer 
poly(butadiene-b-ethyleneoxide) (PBD-b-PEO). Hybrid molecular films were investigated as 
monolayers at the air/water interfaces or as free-standing and solid-supported membranes and 
characterized with a wide range of experimental techniques. In particular, hybrid supported lipid 
bilayers (HSLBs) with variable copolymer content were formed through spontaneous rupture and 
fusion of hybrid vesicles onto a hydrophilic substrate, obtaining stable hybrid systems with lateral 
phase-separation highlighted through differential scanning calorimetry (DSC) and confocal 
scanning laser microscopy (CSLM). These results improve our fundamental knowledge of hybrid 
assemblies, necessary for future studies on biological membrane-related phenomena and the 
construction of 2D complex devices for material science. 
Keywords: self-assembly, phospholipid, block copolymer, hybrid supported lipid bilayers 
 

 
Figure 1. Confocal laser scanning microscopy (CLSM) images for hybrid PBD-b-PEO/DPPC supported bilayers. 
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Chitosan, the deacetylated from of chitin, is characterized by unique biological properties such as, 
biocompatibility, bio-degradability, nontoxicity, and affinity to proteins. Moreover, in its 
polyglucosamine chains contains several reactive amino and hydroxyl groups, susceptible to 
chemical modifications. Enzymatic targeted modification of chitosan is widely applied for the 
enhancement of its biological activities[1]. 

This work describes the development and application of biocatalytic processes and systems 
with hydrolytic and redox properties for the targeted crosslinking of chitosan with phenolic bioactive 
molecules extracted from green marine algae (Ulva sp.) with the ultimate goal of developing 
innovative biomaterials with improved biological and mechanical properties. The successful 
modification of chitosan was confirmed through various spectroscopic techniques such as 
Attenuated Total Reflectance (ATR) and Nuclear Magnetic Resonance (NMR). Finally, modified 
chitosan was characterized by enhanced antimicrobial and antioxidant properties.    
 
 
Keywords: chitosan crosslinking, enzymatic modification, biological properties 
 
 

 
Figure 1. Enzymatic modification of chitosan with phenolic compounds, such as hydroxytyrosol. 
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Hexagonal magnetite (Fe3O4) nanoplates are of great interest because of their marvelous properties 
and wide range application in functional magnetic fluids and smart nanosensors. To control the 
dispersion of Fe3O4 nanoplates, polymers could be utilized to modify Fe3O4 nanoplates to induce the 
synergistic effects of Fe3O4 and polymers. According to our previous research, iron(III) oxide (α-
Fe2O3) particles and Fe3O4 particles with anisotropic shapes could be covered by thick polymers via 
surface-initiated atom transfer radical polymerization (SI-ATRP)[1]. In the present study, hexagonal 
Fe3O4 nanoplates obtained from the wet chemical reduction of α-Fe2O3 nanoplates were modified by 
poly(methyl methacrylate) (PMMA) chains via SI-ATRP shown in Fig. 1a. Such PMMA-modified 
Fe3O4 nanoplates indeed showed good dispersion stability, lyotropic liquid-crystalline (LC) 
properties, and a fast response to an external magnetic field in ionic liquids. In particular, a TEM 
image in Fig. 1b indicates that the PMMA-modified Fe3O4 nanoplates can show a nematic columnar 
structure after applying an external magnetic field. The nematic columnar structure along magnetic 
field direction is a new example for the magnetic responsiveness of lyotropic LC PMMA-grafted 
Fe3O4 nanoplates in compare with the stacked alignment of unmodified Fe3O4 nanoplates in Fig. 1c. 
Ultrasmall-angle synchrotron X-ray scattering (USAXS) measurements also verified the uniaxially 
aligned nematic columnar structure of PMMA-modified Fe3O4 nanoplates in ionic liquids under an 
external magnetic field[2] as shown in Fig. 1d. The research results might be closely connected with 
the performance improvements of functional magnetic fluids and the design of new devices. 
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Figure 1. TEM images of (a) unmodified Fe3O4 nanoplates, and (b) PMMA-modified Fe3O4 nanoplates with nematic 

columnar structure under magnetic field. The most plausible model: (c) A stacked alignment of unmodified Fe3O4 
nanoplates, and (d) a uniaxial alignment structure of PMMA-modified Fe3O4 nanoplates under magnetic field. 
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The delivery of lipophilic compounds to cells is often hindered by the low solubility of the compounds 
in aqueous environments. This is readily apparent in cell staining when lipophilic dyes are used to 
study cells. To improve the delivery of the dyes to cells, organic solvents are frequently used, but 
these solvents compromise the viability of the cells. A new cell staining method was developed using 
micelle/hydrogel composite beads as delivery vehicles for BODIPY 505/515.  

PMMA – block – PDMAEMA micelles loaded with BODIPY 505/515 were first generated. The 
reaction forming the hydrogel beads was then performed in the micellar solution, leading to 
solubilization of the dye-containing micelles in the beads. Gelation occurred through the reaction 
between carboxymethyl cellulose functionalized with thiol groups and a PEG crosslinker with 
vinylsulfone functional groups. The whole process took place in a microfluidic device, which ensures 
the uniformity of the hydrogel beads. 

The generated beads were incubated with Phaeodactylum tricornutum algal cells for staining, 
which occurred by the diffusion of the dye from the beads to the cells. At the end of the staining 
process, the beads were removed through filtration and the cell fluorescence was assessed through 
fluorescence microscopy and flow cytometry. The cells were successfully stained by the beads within 
30 minutes. The viability of the cells was not affected by the staining process.  The beads could also 
stain other types of cells, such as Nannochloropsis gaditana cells, which proves the generality of the 
new method presented here.  
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Coacervation is the spontaneous formation of two immiscible liquid phases from a colloidal dispersion: a 
colloid-rich phase and a diluted one. This phenomenon, which is observed in amphiphilic systems, can be 
exploited in several applicative fields including detergents, cosmetics, agriculture and biology. Specifically, 
polymer coacervation is of particular interest for the encapsulation and release of active principles. We are 
interested in elucidating the effect of additives in the liquid-liquid phase separation (LLPS) of an amphiphilic 
copolymer system. The final goal is to gain fundamental understanding and control of copolymer coacerva-
tion properties to apply LLPS to encapsulate and release on-demand water-insoluble molecules. Specifically, 
an amphiphilic copolymer consisting of a hydrophilic polyethylene glycol backbone with grafted hydrophobic 
polyvinyl acetate (PEG-g-PVAc), was selected[1]. This thermoresponsive copolymer presents a lower critical 
solution temperature (LCST) profile, with its lowest cloud point temperature (CPT) at 51°C. 

The effect of different additives (including kosmotropes, chaotropes, non-ionic and ionic surfactants) 
over the CPT was studied with turbidimetry to distinguish the molecules that facilitate LLPS from those that 
hamper it. The results showed that the addition of a non-ionic surfactant C14- 15E7 and a salting out agent 
induces the formation of a simple copolymer coacervate at room temperature, where polymer-rich domains 
with typical sizes in the micron range are dispersed in a copolymer-depleted medium. The addition of cha-
otropes can revert this biphasic system to a monophasic one. Confocal Raman Microscopy was used to de-
termine the composition of these microdomains, demonstrating the presence of a non-negligible amount of 
non-ionic surfactant.
These microstructures exhibit very promising features as microcarriers in surfactant-based formulations 
making them interesting candidates in industrial applications such as home- and bodycare products.

Keywords: coacervation, LCST, additives effect, copolymer, surfactant

Figure 1: PEG-g-PVAc coacervates under the confocal microscope

References: [1] A. Bartolini et al, Phys.Chem.Chem.Phys., 2017, 19, 4553-4559
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The interfacial and phase behavior properties of polymer latexes associated with cellulose 
nanocrystals (CNCs) (fig. 1a) or microfibers (cotton) require systematic studies to enable 
applications such as CNC/polymer (bio)composites, nanopapers, packaging materials, pigments 
colors, Pickering emulsions stabilizers or to make fabrics water-repellent, superhydrophobic, or 
antibacterial. Reversible addition–fragmentation chain transfer (RAFT) polymerization combined 
with macromolecular design by the interchange of xanthates (MADIX) method were applied in this 
work to synthesize amphiphilic cationic polymers which assemble in core-shell particles (Fig.1b) 
during synthesis. The shell consisted by acrylamide (AM) and a cationic monomer, the core being 
either butyl acrylate (BA) or 2-Ethylhexyl acrylate (2-EHA).  Dynamic light scattering, ζ-potential 
and microscopy studies revealed the colloidal properties of CNC/latex mixtures showing electrostatic 
interactions. Cryogenic transmission electron microscopy (cryo-TEM) demonstrated latexes coated 
with entangled arrays of CNCs, and for the softer particles deformation into faceted polyhedral 
(Fig.1c). By labeling the latexes with hydrophobic carbocyanine dyes, the deposition on woven cotton 
fabrics is studied in situ and quantified by fluorescence microscopy. Adsorption of latexes and films 
is observed in wet and dried state respectively (Fig. 1e,f). Similar to CNCs studies, highest deposition 
is obtained for the most charged latexes. The results facilitate the preparation of CNC/latex 
composites with controlled colloidal properties and show that CNCs can serve as models to assess 
latex particles interactions with cotton for optimizing the development advanced textiles. 
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Figure 1. a) CNCs, b) latexes, c) CNC/latex mixtures observed by cryo-TEM, d) microscopy image of cotton, and 
fluorescent microscopy images of cotton treated with fluorescent latexes observed in  water e) before and f) after drying. 
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Cellulose nanocrystals (CNC) can be considered as model colloidal rods and have practical 
applications in the formation of soft materials with tailored anisotropy. Here, two contrasting 
microfluidic devices are employed to perform an experimental quantification of the role of shearing 
and planar extensional flows on the alignment of a dilute CNC dispersion. Characterization of the 
flow field by microparticle image velocimetry is coupled to flow-induced birefringence analysis to 
quantify the deformation rate–alignment relationship. The deformation rate required for CNC 
alignment is 4× smaller in extension than in shear. The birefringence signal rising from the CNC 
alignment in shear and extension can be scaled on a single master curve using a Péclet number that 
accounts for the shear and extensional viscosity of the solvent fluid, respectively. Based on this 
simple scaling relationship, it is possible to anticipate the alignment of rigid colloidal rods under 
purely extensional deformation by knowing the respective alignment profile in a shearing flow that 
is more accessible via multiple rheo-optical techniques [1]. Quantification of the differences between 
shearing and extensional kinematics at aligning colloidal rods establishes coherent guidelines for the 
manufacture of structured soft materials. 
 
Keywords: Cellulose, Colloidal rods, microfluidics, extensional flow 
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Complex fluids are very abundant in many applications, ranging from industrial painting processes to per-
sonal care products. Despite their numerous applications, they are still actively debated in fundamental re-
search, e.g. their structural behaviour under confinement.

In the present study colloidal dispersions (i.e. complex fluids) are confined between two solid surfaces 
in a Colloidal Probe atomic force microscope (CP-AFM). Upon surface-approach, the depletion of the com-
plex fluid from the thin film causes oscillations in the interaction force between the confining surfaces. The 
structure of the confined colloidal dispersions is compared to their bulk structure studied with small angle 
neutron or x-ray scattering (SANS, SAXS). It is found that the mean distance between charged particles in the 
confined dispersion - like Silica particles [1] or charged micelles [2] - simply scales with the particle number 
density n with n-1/3. This indicates simple cubic packing, and it is very robust against many parameters (parti-
cle size, roughness, ionic strength etc.). The mean distance remains the same in bulk and under confinement.

Nevertheless, the proportionality factor in the n-1/3 scaling law is simply round about 1 for solid charged 
particles (Silica) and below 1 for soft charged particles (micelles), which has to be further clarified. Anoth-
er open question is the effect of particle charge. So far, the effect of particle charge has not been studied. A 
reason for that might be the fact that it is challenging to change the particle charge without changing other 
parameters. In the present study, micellar dispersions are investigated, and the micellar charge is varied by 
mixing charged and uncharged surfactants. The results show that the softness and the charge have a strong 
impact on the scaling law for the particle distance and correlation length of the particle distribution.
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Frictional energy dissipation occurs when two contacting surfaces are set in relative motion. Such 
dissipation, if unpreventable, could pose a wide range of problems from industrial applications to 
human health issues. Here we focus on friction control by electric stimuli for the ease of application 
and its reversibility. In aqueous systems, stimuli response of ionic liquids and polyelectrolyte brush-
es have been demonstrated. However, friction control in the “hydration lubrication” regime has 
received less attention. In this work, we have demonstrated with the surface force balance technique 
that by using the external electric field, the frictional forces between two POPC bilayer covered sur-
faces could be tuned by 2 – 3 orders of magnitude, and the change of friction is fully reversible as the 
friction coefficient changed between a low level of μ=~10-3 - 10-4 between negatively charged gold 
and mica surfaces, to a much enhanced level of μ=~0.1 when the gold surface is positively charged. 
This is by far the largest relative potential-induced change of frictional dissipation to our knowledge.

Such behavior can be attributed to the conformational change of lipid molecules on the exposed 
surface: electroporation. Existing MD studies have demonstrated the formation of a nano-sized pore 
in a single hydrated lipid membrane under an electric field of similar order of magnitude to our 
experiment. The fact that the pore will heal when the electric field is removed indicates consistency 
with the reversibility of friction switching observed. A MD simulation of electroporation of a double 
POPC bilayer stack was set up based on methods in existing literatures. Friction forces are measured 
between the two membranes which are set in lateral relative motion. This MD system allows us to 
decipher the relation between electroporation and friction with molecular-level details.
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The understanding of the dynamics of the macromolecular assembly in solution, like liquid-liquid 
phase separation (LLPS), represents challenges in many fields. In cell biology, they represent a great 
interest, because of their involvement in subcellular processes [1] and human diseases [2,3].  

To investigate these assemblies, we have developed a microfluidics method to produce 
biomimetic microreactors, called osmosomes [4]. These microreactors are vesicles composed of a 
lipid bilayer, made semi-permeable to small molecules (<2 kDa), with the help of the membrane pore 
protein α-hemolysin [5]. They allow (1) encapsulating macromolecules in their ideal solubilization 
conditions, (2) to modify the quality of the solvent (pH, ionic strength, reducing agents, etc.) by 
controlled exchanges through the membrane pores, and (3) to probe the phase transitions of 
macromolecules. We demonstrated that the osmosomes solvent exchange rates can be less than 1 
min. This allows to tune the macromolecules assembly with control of the thermodynamic pathway 
as observed for the pH-induced LLPS of wheat proteins (Figure). 

 
Keywords: Microfluidics, Microreactors, Vesicle, Macromolecular assembly 
 

  
Figure. Solvent-triggered LLPS of wheat proteins within an osmosome.  
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The assembly of nanoparticles (NPs) into monolayers at liquid interfaces has been at the focus of 
intense experimental and theoretical research in view of the potential enhancement of the magnetic, 
electric and optical properties of NPs monolayers [1]. However, a full comprehension of the 
interfacial inter-particle interactions driving the assembly upon NP adsorption is still missing, 
despite their critical role for the fine tailoring of the monolayer structure and properties.[2] 

We have shown that, by simultaneously determining the work exerted during compression of 
a NP monolayer in a Langmuir trough and the compression-induced inter-particle distance 
reduction via synchrotron radiation grazing incidence small angle X-ray scattering (GISAXS), it is 
possible to quantitatively measure inter-particle forces and their dependence with the inter-particle 
distance.[3] 

In the present work, we further extend our investigation by measuring inter-particle forces 
acting between negatively charged silica NPs decorated by cationic surfactants bearing different 
chain length.  

The Langmuir isotherm reported in figure 1A shows that the compression work to be exerted 
increases with the surfactant chain length. Additionally, the inter-particle distance is, especially for 
the three longest surfactants, independent on the chain length at any compression degree (see Figure 
1B). These findings suggest that, in the present case, the main contribution to the compression work 
relates to steric repulsions increasing with chain length. Therefore, our approach appears very 
promising to enable, for the first time, the quantitative determination of interfacial steric forces and 
to their dependence on the chain length. 
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Figure 1. Surface pressure vs Area compression isotherm of 0.1% wt silica NPs decorated with various surfactants (A) 

During compression, the inter-particle distance determined by GISAXS progressively decreases (B). 

Keywords: GISAXS, Steric forces, nanoparticles 
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Multiphasic fluids are ubiquitous in daily life and industrial processes. Among them, emulsions, 
foams, droplets and bubbles are used for their mechanical, isolation and exchange properties. 
However, multiphase fluid stability is an issue since coarsening and/or coalescence lead to ageing, 
which can significantly modify its initial properties. Using surface-active materials which adsorb 
onto interfaces such as surfactants, polymers, proteins or particles, is a way to hinder ageing effects. 
Unfortunately, selecting efficient surface agents to stabilize the interfaces is still based on an 
experimental know-how rather than on a global understanding. The goal of our project is to quantify 
the mechanical properties of the interfaces [1] to provide a clearer frame to this problem. 

Hereby, we propose a non-intrusive way to characterize surfactant dynamics through an 
effective surface tension measurement, which allows us to map the full mechanical response of a 
surfactant. Using a home-made rising bubble rheometer, we measure the effective interfacial surface 
tension, due to Marangoni elasticity and dilatational and shear viscosities, between air and 
surfactant solutions. Our experimental setup allows us to attain large strains and high strain rates 
on the bubble surface. The extreme oscillation conditions allow us to probe the mechanical 
properties of the surfaces in regimes where traditional apparatus are insensitive, such as high 
surfactant concentrations. 
 
Keywords: Interfacial Rheometry, Surfactants, Rising Bubble 
 

 
Figure 1.  Rising bubble 
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Levelling agents nowadays find widespread use to improve the surface properties of coatings and 
paints. Without such components, solvent-borne coating formulations with high surface energy are 
prone to excessive defect formation which significantly degrades their functionality and visual 
appearance. Therefore, amphiphilic block copolymers are frequently added to the coating 
formulation, which autonomously accumulate at the film surface and reduce the interfacial tension 
[1,2]. Although such amphiphilic molecules are commonly used in most coating and paint 
formulations, much is still unknown about the influence of the block copolymer composition and the 
effect of the coating matrix characteristics on the interfacial affinity of these amphiphiles. 
 The surface accumulation of polydimethylsiloxane-poly(ethylene oxide) (PDMS-PEO) block 
copolymers in crosslinked coatings made from polymer binders with different characteristics was 
experimentally studied using various surface techniques, including X-ray Photoelectron 
Spectroscopy and contact angle measurements. PDMS functionalization of the coating surface was 
evident and could be controlled by the individual chain length of the copolymer blocks. Surprisingly, 
short oligomeric block copolymers were found to enrich the surface to the largest extent. The 
effectivity of this functionalization, on the other hand, was lower when binders with increased polar 
characteristics were used. 

Further on, we performed self-consistent field (SCF) calculations to elucidate the changes in 
component phase stability during film drying, which was achieved by gradually decreasing the 
solvent fraction in the formulation. Unfavourable interactions between polar binder segments and 
siloxane chains appeared to be the driving force for the observed compatibility changes and 
concurrent accumulation of the block copolymer. The SCF computations also revealed a delicate 
balance between surface accumulation and bulk phase separation, where block copolymers of 
insufficient initial compatibility will phase separate during drying, and consequently destabilize the 
formulation (Figure 1).  
 
Keywords: block copolymers, segregation, phase stability, coatings, surfaces 
 

 
Figure 1. Calculated phase diagrams of solvent-borne coating formulations with PDMS-PEO block copolymers of 

varying length. 
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Emulsions relying on biocompatible formulations are of great interest in many applied fields like 
cosmetic, pharmaceutical and food industry, where the choice of surfactants used as emulsifiers is 
fundamental to warrant the desired features of the produced emulsions such as, long time stability, 
drop size distributions and rheological properties. To pursue the demand of biocompatibility and 
green/sustainable developments, natural surfactants are increasingly utilized in substitution of 
synthetic molecules.  

A comparative study on the interfacial properties of natural and synthetic surfactants is here 
reported and discussed in terms of their ability to stabilize oil-in-water emulsions. These are saponin, 
Tween 80 and citronellol glucoside (CG), characterized by a high biocompatibility, and Medium 
Chain Triglyceride (MCT) used as oil phase. The adsorption of these surfactants at the water-MCT 
interface is investigated by interfacial tensions and dilational viscoelasticity measurements as a 
function of concentration, and analyzed according to appropriate adsorption models [1,2]. To 
compare these results with the time evolution of the corresponding emulsions, some aspects related 
to the use of these surfactants as emulsifiers are accounted for. These are the eventual surfactant 
partitioning between water and oil and the significant change of the surfactant concentration in the 
emulsion matrix due to adsorption at the hugely increased interfacial area after emulsification. 
Considering these aspects, together with the information on emulsions obtained by microscopy 
analysis, allows the correlation between the emulsion behavior and the actual surface coverage of the 
oil droplets to be assessed.  Surface coverage has in fact a fundamental role in preventing coalescence 
which is one of the principal mechanism responsible of the separation of this kind of emulsions.  
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Microemulsions (ME) are a class of thermodynamically stable oil/water/surfactant mixtures with 
droplet sizes of ~ 1 – 100 nm [1] that are important for a variety of industrial applications, from 
drug formulations [2] to personal care products [3]. While self-assembly in simple, bicomponent 
systems is reasonably understood, self-assembly in more complex systems is less studied. 
Therefore, to fully exploit such systems, the different competitive and synergistic assembly 
processes, and the implications of such processes, must be understood.  

This work studies the self-assembly of structures formed in pseudo-quaternary systems 
containing two amphiphilic species using high resolution small-angle X-ray scattering (HR-
SAXS). In such systems, Peter et al. [4, 5] reported extremely dilute lyotropic phases with long 
periodicities (ξ up to 2200 Å) with cubic, hexagonal or tetragonal symmetries as a function of oil 
and 1-octanol content, beyond the conventional definition of a ME. Here, these swollen phases 
are reinvestigated using very high resolution SAXS. Fig. 1 displays typical data with peaks in the 
1D curve demonstrative of a hexagonal morphology, with ξ ≈ 1200 nm. However, this morphology 
is sensitive to composition and temperature, with small temperature variations, ∆T = 1 oC, causing 
a phase transition from the hexagonal phase to a ME phase of cylindrical droplets (Fig.1b). When 
these samples are subjected to a shear flow (rheo-SAXS), the ordering of emulsion phases and 
formation of the hexagonal phase upon cessation of shear can be seen (Fig,1c - e). The evolution 
of such phases enables discussion of self-assembly and the interplay between synergy and 
energetic competition in these complex systems, furthering our understanding of self-assembly. 

 
Keywords: self-assembly, small-angle X-ray scattering (SAXS), microemulsions, Rheo-SAXS 

 

Figure 1 1D SAXS profiles of pseudo-quaternary phases in various compositions, where the 1-octanol content was 4.4 
wt%, and the oil/water ratios were varied, at t = 21 oC (a) and 30 oC (b). 2D Rheo-SAXS patterns of a sample with the 
composition: Xo : Xw : Xa = 0.55 : 0.406 : 0.044, at γ̇ = 50 s-1 (emulsion phase, c) and upon cessation of shear, γ̇ = 0 s-1 
(hexagonal phase, d), taken perpendicular to the flow direction, and parallel to the flow direction (hexagonal phase, e). 
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An emulsion is a metastable mixture of two or more non-miscible liquids, generally stabilised by a 
petroleum-based emulsifier such as amphiphilic surfactant molecules or polymers. The main 
difference between the so-called Pickering emulsions and classic emulsions lies in their stabilization. 
The first are stabilized by colloidal particles, that form a “solid” layer at the interface providing those 
systems an outstanding kinetic stability [1]. Over time, the fossil resources are depleting, the challenge 
is therefore to find greener alternatives for many existing processes but also to update new sources 
of raw materials from the biomass.  

Our project aims at developing innovative formulations by increasing the proportion of bio-
sourced polymer in colloidal latex particles acting as Pickering emulsions stabilizers. In the present 
work, bio-based waterborne latexes were synthetized by miniemulsion polymerization process 
involving a gradual fraction of the bio-based vinylic monomer. Their colloidal stability is ensured by 
amphiphilic copolymers consisting of a hydrophilic polymer backbone modified by a controlled 
amount of hydrophobic terpenic grafts. Based on previous results [2, 3], the polymer backbone is either 
composed of poly (acrylic acid) or a polysaccharide. The aim of this study is to determine the impact 
of the chemical structure of the colloids in terms of co-monomer composition, of degree of 
substitution in hydrophobic terpene grafts of the stabilizing copolymer or of chemical structure of 
the stabilizer backbone, on the adsorption behaviour of the particles at air/water interface (cf. fig. 1).  

The evolution of the surface tension versus time at air/water interface in the presence of the 
waterborne latex developed in the present work will be compared to the profiles obtained with 
already existing systems such as surfactants, microgels or rigid particles. The relationship between 
the particle deformability, assessed through the Tg as well as the Langmuir balance measurements 
performed on the latex polymer, and their ability to adsorb at a water / air model interface will also 
be discussed. First results of the ability of these latex to stabilize emulsions will also be presented. 
 
Keywords: Bio-sourced, Latex, Adsorption, Pickering Emulsions 
 
 
 
 
 
 
 
 
 

 

Figure 1: Adsorption kinetics of original polymer colloids (100% Styrene, 50% Styrene – 50% Myrcene, 100% 
Myrcene) at the water / air interface  
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Polyelectrolyte complexes (PECs) have been receiving more and more attention [1] due to their 
widespread potential applications (such as cosmetics, drug delivery et al.) which are associated to the 
interfacial properties [2] generally. When two oppositely charged polyelectrolytes (PEs) complex at 
charge stoichiometry, two very different situations can occur depending on the intensity of the 
interaction. When the chains are strongly interacting (binding constant kb>106M-1 as measured by ITC) 
the system undergoes a liquid-solid transition generating aggregates that eventually sediment with time 
as in the case of the PDADMAC/PSS system. When the interaction is weaker, the system undergoes a 
liquid-liquid phase transition generating a coacervate phase in equilibrium with the surrounding 
continuous phase depleted in macromolecules as in the PDADMAC/PANa system (kb ~103 - 104 M-1). 
Off the stoichiometry, colloidal polyelectrolyte complexes are formed with a solvation, charge, 
hydrophobicity that vary with the charge ratio Z ([-]/[+]). In this work, we put forward surface tension 
measurements of PECs dispersions/solutions as a very sensitive tool to study the structures and 
formation mechanisms of these strongly and weakly interacting polyelectrolyte systems. In particular, 
i) the surface tension was shown to vary with Z with a marked minimum at charge stoichiometry (Z=1) 
in agreement with increasingly neutral and hydrophobic complexes as precursors of a macroscopic 
phase separation ii) the absence/presence of PECs in the supernatant at charge stoichiometry for the 
strong/weak complex system in line with full aggregation/coacervation iii) the interfacial tension 
between the coacervate and continuous phase (supernatant) that decreases with increasing stock 
solution concentration until a critical value where no coacervation occurs anymore between the 
oppositely charged PEs.   
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Figure 1. Variation of the surface tension of PECs as a function of the molar charge ratio Z 
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Using a modified dynamic version of the thin film balance technique [1] we study the drainage and rupture 
of thin liquid films consisting of polymer solutions. The variation of the capillary pressure that is driving the 
thinning of the film allows us to control the ratio of the two competing timescales involved in coalescence, i.e. 
that of drainage and rupture. Depending on the value of the capillary number and the degree of confinement, 
different stabilisation mechanisms are observed. For low capillary numbers, the lifetime of the films was the 
highest for the highly concentrated, narrowly-distributed, low molecular weight polymers. In contrast, at high 
capillary numbers, the flow-induced concentration differences in the film resulted in lateral osmotic stresses, 
which caused a dynamic stabilisation of the films. Phenomena such as cyclic dimple formation, vortices, and 
dimple recoil were observed. The factors which lead to enhanced lifetime of the films as a consequence of 
these flow instabilities can be used to either stabilise foams or, conversely, prevent foam formation [2]. The 
rupture of the thin liquid films occurs through the evolution of thickness fluctuations, the characteristics of 
which were measured experimentally. The effect of such fluctuations in the overall coalescence time becomes 
gradually less important as drainage intensifies. The criteria for the rupture were extended from equilibrium 
[3] to draining films [4] and distinct regimes for the character of coalescence were proposed.

Keywords: film, drainage, rupture, polymer solution

   

Figure 1. (a) Microinterferometric images of polymer films of different polydispersities. (b) State 
diagram describing the propensity for asymmetric drainage as a function of Ca and ΔP for films 
containing polymer of different polydispersities.
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Practical situations in which soft objects suspended in a liquid pass through narrow pores are 
ubiquitous: crude oil emulsions in porous rocks, red blood cells in constricted arteries, droplets or 
capsules in lab-on-a-chip microfluidic devices…. When these objects are drops, the presence of 
surfactants adsorbed at the surface modifies the interfacial tension. Thus, it is expected to favor the 
passage of the drop through a pore by reducing the Laplace pressures across the front curved 
interface. However, for drops much larger than the pore, the passage through the contraction induces 
a large deformation of the surface. Therefore, as the drop expands, surfactant concentration 
gradients are expected to develop at the surface. Although numerical studies [1-2] have evidenced 
the existence of such gradients, a clear understanding of the contribution of the phenomena at stake 
is missing.  

Using a pressure controlled microfluidic set-up, we have experimentally studied surfactant-
laden oil drops in a constricted capillary under an imposed pressure gradient (see figure). We use 
flowrate measurements to quantify the local surface tension at the front of the drop. We report a 
large increase of surface tension at the front up to a value close to the one for a bare interface (see 
figure). We suggest a description in which the increase in surface tension results from a balance 
between surface expansion and the adsorption of surfactant molecules from the bulk at the interface. 
The predicted value of surface tension is in excellent agreement with the experimental one.  

 
Keywords: drop, porous media, surfactant 
 

 
Figure 1. Left: Photographs of the key positions of the drop in the contraction. Right: Front surface tension of 

surfactant-laden droplets normalized by the surface tension of bare oil-water interface as a function of the expansion 
rate of the drop at the front. 
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Interfaces are energetically expensive, hence a liquid drop takes up a spherical shape to minimize 
the interfacial energy. Liquids can be structured in nonequilibrium shapes by kinetic trapping via 
interfacial jamming of particles  [1]. Here, we demonstrate the stabilization of nonequilibrium shapes 
of droplets via the interfacial self-assembly and crosslinking of nanoparticles [2]. The resulting rigid 
nanoparticle assembly facilitates the formation of infinitely long liquid tubules and monodisperse 
cylindrical droplets. To deform the droplets away from spherical we employ hydrodynamic or 
gravitational forces. The droplet elongation is further facilitated via reducing the interfacial tension. 
The non-equilibrium shapes of the droplets are stabilized by a rigid nanoparticle assembly resulting 
from the synergistic adsorption of short-chain amphiphiles and trivalent cations on the particles. We 
introduce a scaling relationship to describe the droplet length dependence and we estimate the rate 
of nanoparticle deposition on the droplets. Our approach potentially enables the 3D-printing of 
Newtonian fluids, broadening the array of material options for additive manufacturing techniques.                                                        
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The flow of particle-laden droplets through porous media is of interest to several industrial 
processes, e.g. filtering of mixtures of water, oil and solid microparticles in which particle-stabilized 
emulsions can form by adsorption of the particles at the oil/water interfaces. We investigate the 
mechanisms at stake when particle-laden oil drops in water are forced into a model pore, which may 
result in the separation of the different components.  

We focus on oil droplets whose surfaces are covered by monodisperse silica microparticles 
(particle diameter = 1.5 microns), immersed in an aqueous solution and flowing through a 
constricted capillary at constant pressure load. 

We show that, according to the value of the capillary number Ca measured when the front apex 
of the droplet is crossing the center of the constriction, three different regimes can be identified. 
Below a critical value Ca*, the droplet systematically wets the capillary walls. For larger Ca values, 
solid friction of particles on the capillary wall may occur, inducing velocities of the particles smaller 
than the velocity of the oil phase. We show these results can be understood by considering the 
thickness of the lubrication film between the drops and the solid walls [1], and in light of the 
dynamics of an oil contact line spreading on glass in an aqueous medium [2].  
 
 
Keywords: Pickering, particle-laden interface, contraction, wetting, solid friction, lubrication. 

 
Figure 1. a. Views of Pickering droplets in the constricted capillary. Scale bar: 100µm.  b. Particle radius rp as a function 
of the capillary number Ca. 
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Coacervation can yield membranes with different permeabilities [1], making it attractive for 
technological applications in encapsulation or separation processes. During coacervation, oppositely 
charged species like polymers and surfactants form complexes due to coulombic attraction. These 
polymer-surfactant complexes are insoluble in the aqueous phase leading to phase separation. As a 
result, a structured membrane can form in the contact zone between a polymer and a surfactant 
solution. However, the details of the structure formation processes are only poorly understood.  

In this study, we use a combination of the anionic biopolymer xanthan gum and cationic 
CnTAB surfactants [2]. The quasi 2D-geometry of the Hele-Shaw cell [3] allows us to observe the 
membrane formation and the growth dynamics in-situ. By this, we can link the membrane properties 
for different surfactant types and concentrations to the underlying mass transfer and structure 
formation processes. 

The results show that the density and permeability of the formed membrane significantly 
depend on surfactant chain length and concentration. In a wide range of experiments, the formation 
of a porous structure is observed whose characteristics depend on the process parameters. The pore 
formation can be explained as instability of the growing membrane surface in interaction with the 
supply of polymer across the depleted zone in the vicinity of the membrane front. Our insights 
provide the basis to control membrane thickness, density, porosity and pore structure. These 
properties are essential for technological applications since they determine the selectivity, 
permeability and mechanical stability of the membrane. 
 
Keywords: Coacervation, polymer-surfactant interaction, xanthan, membrane, structure 
 

 
Figure 1. Formation of different membrane structures with increasing concentration of C12TAB surfactant.  
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Although the interactions of nucleic acids with oppositely charged molecules have been studied for 
many years, this subject still attracts interest mainly due to the application of DNA/surfactant and 
DNA/polyelectrolyte complexes to the gene transfection. Although the layers of amphiphilic 
molecules at a liquid surface can be considered as physical models of biological membranes, and 
the information on DNA/surfactant interactions in the surface layer can facilitate the 
determination of the formation mechanism of the aggregates in biological systems, most of the 
authors considered the interactions of nucleic acids with surfactants and polyelectrolytes only in 
bulk phases.  
This work is devoted to the investigation of static and dynamic surface properties of mixed 
solutions of DNA with surfactants or hydrophobically modified polyelectrolytes, and to estimation 
of the adsorption layer structure. Measurements of the kinetic dependencies of surface properties 
of the mixed solutions discovered a noticeable synergistic effect and the formation of a rigid 
network at the interface. The atomic force microscopy allowed estimation of the morphology of the 
adsorption layer as a function of the molar ratio of the two components. The DNA/surfactant and 
DNA/polyelectrolyte formed a network of threadlike aggregates at the interface [1]. The highly 
organized structure was formed if the hydrophobic polyelectrolyte was spread first along the 
surface and concentrated DNA solution was injected into the subphase after that.  
 
Keywords: dynamic surface properties, DNA/surfactant aggregates, adsorption kinetics 
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Over a long time, the theoretical description of surfactant adsorption at water/oil interfaces was based on 
thermodynamic models derived for water/air interfaces. Thus, several experimental observations could not 
be adequately described. Instead, the observed peculiarities were interpreted by oil molecules penetrating 
into the interfacial layer. 

Recently, a competitive adsorption of surfactant and oil molecules was proposed, providing a much 
better description of experimental data for water/oil interfaces [1]. This picture, however, was unable to ex-
plain the significant water/oil interfacial tension decrease even in presence of only extremely small amounts 
of surfactants in water. This effect cannot be of competitive nature, but a cooperativity of surfactant and oil 
molecules is required instead to form the mixed adsorption layer. Cooperativity means that already few sur-
factant molecules adsorbed at the interface can induce a significant ordering of oil molecules in the interfacial 
layer. This new interfacial structure, in turn, attracts further surfactant molecules to adsorb.

A refinement for the theoretical description of experimental data was finally achieved by applying suit-
able adsorption models for the two adsorbing compounds, i.e. a Frumkin adsorption model for the oil mole-
cules, and for the adsorbing surfactant molecules a Langmuir, Frumkin, or reorientation model, depending 
on the surfactant’s molecular structure [2]. 

Formation of surfactant adsorption layers at the water/oil interface.

[1] N. Mucic et al., J. Colloid Interface Sci., 2013, 410, 181–187.
[2] V.B. Fainerman et al., Adv. Colloid Interface Sci., 2020. 
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Interfaces are ubiquitous in many theoretical and applied scientific fields and especially in 
hydrometallurgy in which oil-water interfaces are of crucial importance because they are at the 
center of the solvent extraction processes. Depending on the conditions of the synthesis, different 
structures of theses interfaces can be obtained which is important for the nature and efficiency of the 
processes.   

The formation mechanics and thermodynamics features of interfaces have been of great 
interest to the scientific community since the pioneering mechanical description done by Young and 
Laplace at the beginning of the nineteenth century, and the thermodynamic description undertaken 
by Gibbs in the second half of the 19th century. It was not until the late 1950s that the possibility of 
having a description at the molecular level was explored.  

Whether it is to improve the solvent extraction processes or to facilitate modelling of the latter, 
it may be important to be able to predict accurately the structure of the interfaces. We analyzed how 
surface free energy can control the geometry and the topology of oil-water interfaces. We used 
thermodynamics minimization procedures allowing predicting the most stable interface 
configuration of an oil-water mixture, considering curvature effects. It has been used to draw phase 
diagrams showing the different configurations according to composition and geometry of the system. 
For very low volumes fractions, the system will create spherical droplets. However, as the volume 
fraction increases, keeping fixed other parameters, the free energy associated with a spherical 
geometry could eventually exceed that of a cylinder, which leads to the shape transitions highlighted 
in the diagram [3]. The same phenomenon occurs for the transition between cylinders and cuboids. 
Although the surface tension controls phase separation and fluctuations of the interface, it has no 
influence on the shape of the diagrams.  
 
Keywords: Interfaces, Thermodynamics, Molecular Dynamics 
 

 
Figure 1. Phase diagram of the equilibrium surface of an oil/water mixture as a function of the water volume fraction 
φ, and the elongation η = Lz/Lx,y, of the simulation box.  
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Given their pH dependent charge, cationic ionizable lipids (CILs) are of growing interest in drug 
delivery systems for mRNA therapeutics. As this method relies on the successful delivery of genetic 
material to the inside of the cell, which is difficult, CILs have been developed to overcome challenges 
associated with mRNA delivery including low encapsulation efficiency and poor endosomal escape 
of the lipid nanoparticles (LNPs). [1] Here we were interested in the CIL DLin-MC3-DMA (MC3), 
popular in the current formulation of LNPs for mRNA delivery. [2] Although many reports have 
investigated their in vitro efficacy, the behaviour of MC3 itself has not been widely studied. 
 In this work, we have characterised the physico-chemical properties of MC3 in simplified lipid 
systems (MC3/DOPC) over a cell relevant pH range using complementary techniques. First, we 
employed QCM-D to investigate the adsorption of polyadenylic acid (polyA), a model for mRNA, to 
layers formed by a range of MC3/DOPC compositions, which was then compared to the permanently 
charged system of DOTAP/DOPC. The adsorbed mass and viscoelastic properties of the formed lipid 
layer before and after adsorption of polyA were seen to be strongly pH and buffer dependent.  

The homogeneity of the deposited lipid layer on glass surfaces was investigated via TIRF 
microscopy measurements, using a labelled lipid within the layer. The dynamics of the system were 
studied (i) with changing pH and lipid composition and (ii) before and after addition of polyA, in 
terms of diffusion constant and mobile fraction of the dye. 

As the mechanism involved in mRNA delivery using LNPs is a matter of debate, more fully 
understanding the contributions of the individual lipids within the complex LNP system can help to 
shed light on the nature of this process. 
 
Keywords: Lipid nanoparticles; mRNA delivery; surface characterisation 
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The interaction between biomimetic membranes and inorganic nanoparticles (NPs) is an intensively 
addressed research topic, motivated by its relevance for the application of engineered nanomaterials 
in the biomedical field. Specifically, the interaction of nanostructured materials with synthetic lipid 
bilayers is investigated to gain insight into nanoparticles’ cytotoxicity and structural effects on 
membranes [1] included internalization. Recent reports[2][3] have revealed that citrate gold 
nanoparticles (AuNPs) spontaneously associate with synthetic phospholipid liposomes, and, in some 
cases, self-assemble on the lipid bilayer. The spontaneous formation of hybrid inorganic 
nanoparticles/biocompatible vesicle systems, if properly controlled, can yield novel theranostic 
materials, with a high degree of structural control. To accomplish this ambitious goal, a profound 
mechanistic understanding of both the driving forces for NPs’ association to vesicles and self-
assembly onto the bilayer is needed. 

In this contribution, we present results which shed light on the interaction of AuNPs or core-
shell Fe3O4-AuNPs with lipid vesicles. To this purpose, we explore the structure and colloidal 
stability of NPs-liposome hybrids with several experimental techniques, from Dynamic Light 
Scattering to Zeta Potential, Synchrotron SAXS and Cryo-EM microscopy. We show how these 
interactions can be controlled to obtain novel engineered nanomaterials with tailored colloidal 
stability. Specifically, the physical state of the membrane (i.e., gel or liquid crystalline phase) controls 
the self-assembly extent (see Fig. 1) and the colloidal stability of the hybrids, which in turn steers the 
final morphology of the nanocomposite, which ranges from singular vesicles decorated by NPs to 
liposomes’ clusters connected by NPs bridges. Based on our findings, we put forward an interaction 
mechanism strongly affected by the capping agent of the NPs and by the viscoelastic properties of 
the membranes. Overall, this study opens new perspectives on the controlled formation of lipid 
vesicles-inorganic NPs hybrid systems for multiple applications. 
Keywords: citrate nanoparticles, liposomes decoration, nano-bio interface  

 

 
Fig1. Cryo-Tem images of a) soft liposome-AuNPs composites and b) rigid liposomes-AuNPs composites; 
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This study aims to explore the variety of previously unknown morphologies that brain lipids form in 
aqueous solutions. We study how these structures are dependent on cholesterol content, salt solution 
composition and temperature. For this purpose, dispersions of porcine sphingomyelin with varying 
amounts of cholesterol as well as dispersions of porcine brain lipid extracts were investigated by 
using cryo-TEM, small angle (SAXD) and wide angle X-ray diffraction (WAXD) and differential 
scanning calorimetry (DSC). Sphingomyelin forms multilamellar vesicles in large excess of aqueous 
salt solution. These vesicles appear as double rippled bilayers in the images and as split Bragg peaks 
in SAXD together with a very distinct lamellar phase pattern. These features disappear with 
increasing temperature and addition of cholesterol. The dispersions of sphingomyelin at high 
cholesterol content form large vesicular type of structures with smooth bilayers. The repeat distance 
of the lamellar phase depends on temperature, salt solution composition and slightly with cholesterol 
content. The brain lipid extracts form large multilamellar vesicles often attached to assemblies of 
higher electron density (Figure 1). We think that this is probably an example of supra self-assembly 
with a multiple layered vesicle surrounding an interior cubic microphase. This is challenging to 
resolve. The effect of lithium, sodium and calcium salts on the structural parameters of the 
sphingomyelin and the morphologies of brain lipid extract morphologies demonstrate that lithium 
has remarkable effects also at low content. 
 
Keywords: brain lipid, sphingomyelin, cholesterol, structure and morphology, specific ion effects 

 
Figure 1. Cryo-TEM images of 10 wt% Brain lipid extract dispersion in 154 mM NaCl and 1mM CaCl2. 
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 We established and quantified the asymmetry of the current-voltage curves (CVCs) of a bilayer 
composite membrane based on a thick layer (220 µm) of cation-exchange perfluorinated membrane 
MF-4SC and a thin (1 µm) non-conducting layer of poly(1-trimethylsilyl-1-propyne) (PTMSP) 
depending on the direction of the external electric field. The CVCs were measured in a 0.05 M 
solution of HCl and NaCl. The voltage drop ΔE on the membrane was measured using Luggin-Haber 
capillaries. The CVC typical regions (ohmic, limiting current plateau, and overlimiting) are well 
distinguished on the curves (Fig. 1). There is a significant CVC asymmetry, which we described 
quantitatively using our model [1]. Thus, when the MF-4SC layer faced to the counterion flux (w-
orientation), the value of the limiting current density is 2.5 and 2.8 times higher in the case of NaCl 
and HCl solutions, respectively. The conductivity in the ohmic region and in the region of 
overlimiting currents is also higher in the case of the w-orientation. At the same time, in the ohmic 
section, the difference between these values is approximately 1.8 times for both solutions, and in the 
overlimiting mode - 3.8 times for an acid solution and 2 times for a sodium chloride solution. In 
addition, the extent of the limiting current plateau also depends on the orientation of the sample to 
the counterions flux: a longer plateau is observed in the case of the s-orientation, when a layer of 
non-conducting polymer PTMSP faced to the flux of counterions. The obtained layered composite is 
important for potential applications as membrane sensors and diodes. 
 
Keywords: bi-layer membrane, asymmetry, current-voltage curve, membrane sensor. 

 
Figure 1. CVCs of bi-layer MF-4SC/PTMSP membrane. 
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Inverse bicontinuous cubic phase membranes are ubiquitous in nature and participate in multiple 
biological processes. While numerous efforts have been put into the study of cubic phase 
nanoparticles (“cubosomes”) for drug delivery purposes [1], less attention has been paid to thin 
supported cubic phase lipid films. In analogy with Supported Lipid Bilayers, these films represent 
synthetic mimics of natural non-lamellar membranes and can hence be employed for studying the 
properties of these less understood self-assemblies. We herein realize thin ( ̴ 150 nm) solid supported 
cubic phase lipid films and characterize their structure utilizing multiple techniques, such as Small 
Angle X-Ray Scattering, Ellipsometry and Atomic Force Microscopy (AFM). Moreover, we present 
the first nanomechanical characterization of cubic phase membranes, by means of AFM-based Force 
Spectroscopy (AFM-FS) [2]. Compared to classical rheological studies, which can only probe bulk 
cubic phase solutions, AFM-FS allows studying the response of cubic membranes to deformations 
occurring at length and force scales approaching those found in biological interactions. Results from 
our analysis show that the response of cubic phase membranes to nanoscale deformations is strictly 
related to their topology and strikingly similar to the one of macroscopic 3D printed cubic structures 
after compression tests, hence suggesting a length-scale independent behavior. Furthermore, we also 
show (for the first time) that AFM-FS can be used for calculating the lattice parameter of cubic 
architectures, obtaining results in agreement with classical techniques. 

This work represents the first nanomechanical characterization of cubic phase membranes and 
paves the way for future studies on this biologically relevant, yet still unaddressed topic. 
 
Keywords: Bicontinuous cubic phases, non-lamellar membranes, mechanical properties 
 

 
Figure 1.Structural and mechanical characterization of solid supported cubic phase lipid membranes. 
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Trodusquemine is an amphipathic membrane active aminosterol that has shown therapeutic benefit 
in both τ and β amyloid mouse models of Alzheimer's disease, improving memory and behavior, and 
reducing hippocampal neuronal loss. To understand how trodusquemine (TRO) affects the structure 
of a neuronal membrane we studied the interactions between trodusquemine and phospholipid 
monolayers simulating the outer layer of the plasma membrane, using surface pressure-area 
isotherms combined with Brewster Angle Microscopy (BAM) to obtain structural, thermodynamic 
and morphological informations. We selected two different compositions of 
dioleoylphosphatidylcholine, sphingomyelin, cholesterol and GM1 lipid mixture mimicking either a 
lipid-raft containing membrane (Ld-So) or a single-phase disordered membrane (Ld). 

We demonstrated that trodusquemine forms stable and fluid Langmuir monolayers at the air-
phosphate buffer interface. Studying the lipid monolayers in the presence of increasing 
concentrations of TRO, we found that TRO interacts and penetrates in the lipid layer for both the 
selected lipid compositions. The maximum trodusquemine uptake in the rafts-containing monolayer 
is observed for a Lipid/TRO molar ratio equal to 3:2. BAM confirmed the presence of condensed raft 
domains for the Ld-So mixture whereas only dark homogeneous fluid domains were observed for the 
single Ld phase. Statistical analysis of the condensed domains revealed that trodusquemine 
preferentially adsorbs at the border of the lipid rafts inducing a decrease in size of the raft domains 
without affecting significantly the thickness mismatch. 

Removal of GM1 from the lipid Ld-So mixture resulted in an even greater reduction of the size 
of the lipid rafts suggesting that the presence of GM1 hinders the localization of trodusquemine at 
the lipid rafts boundaries. Taken together these observations suggest that TRO can potentially 
influence the organization of lipid raft domains within the neuronal membrane, domains in which 
many signaling receptors are localized. 
 
Keywords: Trodusquemine, Langmuir monolayer, Brewster Angle Microscopy, Alzheimer's 
disease, Lipid raft membrane 

 

Figure 1. Langmuir isotherms and typical BAM images taken at 30 mN/m of lipids monolayer without (red curve) 
and with (green curve) TRO. Scale bar is 50 µm. In the center the chemical structure of TRO. 
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The evaporation of a colloidal dispersion is characterized by solute accumulation at the air-liquid 
interface, leading to the gradual formation of a gelled skin. From the preliminary colloid deposit to 
complete solidification, the development of this layer affects the overall drying process and final 
sample morphology. Despite progress in the last decades, the mechanisms governing skin formation 
in drying colloidal suspensions have not yet been fully clarified, especially in complex polydisperse 
systems. This work investigates droplet skin formation in a binary dairy proteins system, i.e. whey 
proteins isolates (WPI), and native phosphocaseinates (NPC). A single droplet approach was used to 
explore both droplet morphology evolution and drying kinetics as a function of WPI relative fraction 
in the overall protein content (WPI%R). The observation of the evaporation stages highlighted the 
separate role of WPI and NPC on drying dynamics, leading to two shape categories characterized by 
skin buckling (WPI%R≤20%) and rigid convex shell (WPI%R≥50%), respectively. Mainly, estimating 
droplet drying kinetics and sol-gel transition characteristic times highlighted WPI significant impact 
above a critical value (WPI%Rc), resulting in a rigid skin with high resistance to buckling. Such 
enhanced mechanical properties suggests WPI external segregation during skin formation, whose 
evidence was provided by the direct observation of dry skin section structure. The hypothesis of 
protein stratification by size was corroborated by the agreement with recent predictive models on 
the evaporation of bidisperse model colloidal suspensions. Finally, the organization of protein 
molecules throughout the interface gelification process was also investigated by interfacial rheology 
tests, stressing significant similarities between ageing-induced and drying-induced gelled interface 
behavior above WPI%Rc. This study contributes to a better understanding of the competitive drying 
mechanisms occurring in binary colloidal systems. Moreover, these outcomes are potentially 
valuable for the optimization of milk powder production in the dairy industry. 
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Figure 1. Drying kinetics curve and skin layer development in a drying droplet [1] 
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Enzyme catalysis has been attracting increasing interest in the past decades. Recent years, multiple 
enzyme cascade reactions have a significant role for the production of many compounds at industrial lev-
el because they permit to perform very complex reactions.  Especially, the development of co-immobilized 
multi-enzymatic systems attracted widespread interest [1].

Here we report a co-immobilized multi-enzymatic hybrid material by the application of papain (PPN) 
and horseradish peroxidase (HRP) on sulfate latex (SL) nanospheres as a support material.  Since both of the 
enzymes have a positive charge at the applied pH, heparin (HEP) was used to build up the SL-PPN-HEP-HRP 
composite material by the sequential adsorption method. The polyelectrolyte is not only acted like a support 
layer for the HRP but also a separator which protect the peroxidase enzyme from the proteolytic activity of 
the papain. It was found that both the enzymes and the polyelectrolytes strongly is adsorbed on the oppositely 
charged surface through electrostatic forces [2]. The charging and aggregation properties was characterized 
by electrophoretic and light scattering techniques. The polyelectrolyte and the enzyme doses was optimized 
in each step of the sequential adsorption steps and the resistance against salt induced aggregation was also 
tested.

The colorimetric protein test and confocal microscopy measurements was proved that the enzymes 
were successfully immobilized in the composite system. The enzymatic activity of the PPN [3] and the HRP 
was determined by Lowry and guaiacol assays.  After five days the PPN show remarkable proteolytic activity 
and the HRP still show peroxidase activity  in contrast to the native HRP in mixed enzyme solution.

However the obtained material possessed somewhat lower enzymatic activity compared to the bare 
enzymes, due to the advantage of the immobilization and the enzyme separation these systems are desired to 
use in industrial application of the food industry.
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With obesity being an increasing health concern, replacements of calorie-dense fat is a necessity. 
Therefore the creation of sensorially-appealing fat replacers has been a challenge for colloid 
scientists. Proteinaceous microgels have recently been found to have ultra-lubricating properties1,2 
and are hypothesized to act as fat replacers3. However, such microgels have not been applied to more 
sustainable plant protein, the latter is often associated with astringency issues4. The aim of this study 
was to design novel ultra-lubricating microgels using plant proteins and compare lubrication 
performance of volume fractions (10-70 vol%) to that of a fat emulsion. An array of characterization 
techniques combining oral tribology using 3D biomimetic tongue-like surface5, rheology, dynamic 
light scattering (DLS), atomic force microscopy (AFM), quartz crystal microbalance-dissipation and 
adsorption techniques were used to characterize these newly designed microgels.  
 

Potato protein microgels at 5 and 10 wt% protein (PoPM5, PoPM10), pea protein microgel at 
15 wt% protein (PePM15) and combined alternative protein microgel at 12.5 wt% ( Po5:Pe7.5) were 
prepared at pH 7.0 by thermally crosslinking the proteins at 80C for 30 minutes to form gels, 
followed by shearing. AFM and DLS revealed that microgels were sub-micron sized (85 to 232 nm) 
with low polydispersity (≤ 0.25) . The microgels were relatively soft with storage modulus from 0.35 
to 6.5 kPa. All microgels presented excellent lubrication performance especially at 40 vol% and 70 
vol% owing to their adsorption properties and high effective viscosities. Strikingly, PePM15 
microgels had similar friction values to that of the 20 wt% oil-in-water emulsion when introduced 
between 3D biomimetic tongue-like surface. Thus, we demonstrate for the first time that these 
sustainable protein microgels allow better incorporation of alternative protein in low calorie food 
without any negative mouthfeel consequences. 

 
 References should be made in the style [1] together with [2-4]. Examples of references are 
shown below. The abstracts will be reviewed by the members of Scientific Committee of ECIS2021. 
Accepted abstracts will be placed on the conference website and provided to conference attendees. 
Abstract titles and author lists will be listed in the conference handbook.  
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Population ageing is a global phenomenon. A healthy lifestyle and comprehensive supplementation 
of bioactive ingredients play a significant role in improving the quality of life of the elderly. 
Pathophysiological changes in the body related to the ageing process (dysphagia-swallowing 
disorder, loss of appetite/taste) lead to nutritional deficiencies and certain chronic diseases. The 
work aimed to develop age-friendly double (W1/O/W2) emulsion-based nutraceutical systems with 
a balanced composition (adjusted to the elderly needs), site-specific-targeting delivery in the 
gastrointestinal tract, and the smallest possible volume which can make swallowing easier. The 
emulsion carriers were developed and then prepared with a high-performance one-step method in a 
Couette-Taylor flow-CTF contactor in a continuous manner (traditional methods are two-
step/multi-steps). The critical for the elderly substances-vitamins D3/B12/B6/C/E; 
calcium/resveratrol/Omega 3 and 6-acids/β-carotene were co-encapsulated. The emulsions were 
containing soybean/olive oils as membrane phase. Sodium carboxymethylcellulose-adhesive 
polymer with a pH-dependent spatial conformation was added to the external phase. The study of 
emulsions/emulsions’ components physicochemical stability was conducted during different storage 
conditions (up to 90days). In addition, the effect of preparation and storage conditions on the 
bioactive substances release kinetics in a simulated gastrointestinal environment were evaluated. 
The results confirmed the long-term stability of obtained emulsions for controlled release under the 
influence of a stimulus-pH change. Moreover, the proposed preparation method permits controlling 
the emulsion concentration (30-78%) and the volume packing fraction of the internal droplets (0.25-
0.76), with the possibility of simultaneously obtaining high encapsulation efficiencies (>96%,Fig.1) 
of the ingredients. This enables a significant reduction in the emulsion volume while maintaining 
the high formulation stability and the desired doses of substances. 
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Figure 1. An example image of double emulsion for oral delivery and result of co-encapsulation stability studies  
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The potential of nanotechnology in the field of plant biology is still mostly unexplored, but it is 
foreseen that nanomaterials will be pivotal in the development of new crop management 
techniques. Nanoparticles (NPs) have properties that can allow to increase the efficiency of 
pesticides, fertilizers and genetic material, delivering them to the target site in a controlled and 
sustained manner. 

NPs interaction with plant cells depends on many factors, but the first barrier to overcome is 
the crossing of the cell wall, for which NPs dimensions are critical. Our research group recently 
developed a continuous flow microfluidic reactor that allows to precisely control NPs size and 
polydispersion. The effect of different fluido-dynamic conditions on NPs features (dimensions, 
polydispersion, morphology, stability) was studied. DLS, SEM and TEM techniques were employed 
to characterize the NPs. The optimization of the operating conditions allowed us to obtain spherical 
monodisperse polylactic-co-glycolic acid (PLGA) NPs with controllable and tunable dimensions in 
the range from 25 to 300 nm. Fluorescent PLGA NPs were used to study their uptake by plants 
(Vitis vinifera, Arabidopsis thaliana) and some common pathogenic fungi (Botrytis cinerea,
Aspergillus niger). Also, we entrapped in PLGA NPs some model drugs (i.e. ribavirin, methyl 
jasmonate, fluopyram) and studied the uptake, cytotoxicity and biochemical effects of such 
nanocarriers on different plant species [1, 2]. The results obtained have demonstrated the potential 
of PLGA NPs for their use in sustainable agricultural applications. 
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Figure 1. Scheme of the microfluidic reactor (left) employed for PLGA NPs synthesis. 
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Developing polymeric capsules for the delivery of small molecules onto specific surfaces has become 
an increasingly important topic in homecare, cosmetics, pharmaceutical and agriculture industries. 
This issue is particularly relevant for the delivery of perfumes onto fabrics or hair during washing 
procedures, where rinses can significantly lower the amount of actives on the surfaces. In complex 
fluids, as many phenomena take place at the same time, it is essential to validate protocols and 
techniques that characterize the deposition of materials. 

Soluplus® (BASF), a polyethylene glycol-polyvinyl acetate-polyvinyl caprolactam graft 
copolymer, is already well-known for its excellent capability to form solid solutions with active 
pharmaceutical ingredients, thus enhancing their bioavailability [1]. This makes it an excellent 
candidate for the formation of polymeric capsules with poorly soluble molecules such as perfumes. 
As fabrics and hair can present various mechanical and physical properties, we created flat model 
substrates to specifically understand the physical-chemical capsule-surface interactions. Techniques 
such as Quartz-Crystal Microbalance with Dissipation monitoring (QCM-D), Confocal Raman 
Microscopy (CRM), Atomic Force Microscopy (AFM) and Grazing-incidence small-angle X-ray 
scattering (GISAXS) were used to qualitatively and quantitatively assess the deposition of capsules 
on various surfaces. 

Perfume molecules of different hydrophobicities and functional groups were entrapped using 
Soluplus® in water.  The adsorption and desorption phenomena of the capsules were then studied in 
the presence of surfactants on hydrophobic, hydrophilic, anionic and cationic model substrates. 

Our results demonstrated that Soluplus promotes the spontaneous adsorption of perfumes 
on the various substrates, resulting in the deposition of self-assembled structures. It was shown that 
the perfume and surface properties not only are of great importance in the adsorption process, but 
also impact the desorption kinetics which can in turn affect the final amount of materials present on 
the surfaces. 
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Figure 1. Deposition of polymeric capsules on model surfaces and used characterization techniques. 
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Xerostomia, or dry mouth resulting from a reduction/absence of salivary flow/lubricity, affects at 
least 1 in 10 adults, with rates as high as 30% in elderly people and 80% in institutionalised elderly 
people. This condition, which can be a side effect of cancer-related radiations or polymedication, has 
a detrimental impact on the ability to chew, swallow and speak, ultimately causing malnutrition and 
affecting the quality of life of older adults. 

Inspired by the structure of human saliva [1], we have developed [2] and filed a patent 
application [3] for an innovative super-lubricious colloidal formulation, composed of a 
proteinaceous microgel-reinforced biopolymeric hydrogel. 

The capacity of this aqueous lubricant to provide both boundary and fluid film lubrication was 
assessed by tribology, using both smooth and 3D-textured elastomeric tribocontact surfaces, the 
latter being a biomimetic emulation of the real human tongue surface [4]. This surface replicates the 
size and spatial distribution of fungiform/filiform papillae, thus mimicking the human tongue 
roughness, stiffness and hydrophobicity. The viscoelastic and adsorption properties of the 
formulation were characterised using, respectively, rheology and quartz-crystal microbalance with 
dissipation monitoring, and its mesoscopic structure was resolved using both small-angle X-ray 
scattering and atomic force microscopy. 

Results show that our novel formulation reduces drastically the friction between two dry 
mouth-mimicking surfaces in contact, and performs strikingly better than the naturally lubricating 
human saliva, therefore demonstrating its high potential as an effective salivary substitute. Its 
remarkable lubrication performance was attributed to an optimal synergy between the two 
electrostatically binding components, i.e., the efficiently adsorbing microgel particle, promoting 
boundary lubrication, and the highly viscous hydrogel nanofibrils, generating hydrodynamic 
lubrication. 
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This work presents the application of capillary phenomena in the development of a rapid method 
that determines quality parameters of frying oils and determines their point of discard according to 
the criteria and limits set by food authorities. In addition it presents a time-temperature indicator 
which is based again on the same principle. 

One of the major health issues regarding fried food is related to the the quality of the frying 
oil. Frying oil quality significantly degrades during the repeated friyng operations and toxic 
compounds are formed. Taking into account the relation between the changes in physical and 
physicochemical properties of the oils during frying and the chemical changes as well as the 
variables affecting capillary penetration in porous media a rapid method was developed [1]. In this 
method the rate of capillary penetration of the frying oils in a porous medium is related to the 
frying oil quality. For the development of the method parameters were adequately selected so as 
capillary penetration in the porous medium to follow the Washburn equation. The principle of the 
method, the prototype as well as its ability to determine the physical properties of the oils and the 
concentration of chemical compounds formed during frying are presented. 

The same principle capillary penetration principle as above was used for the development of 
a time-temperature indicator. Time-temperature indicators are used during the transport of 
temperature sensitive material such as vaccines, medicine and food. To date their application in the 
food sector is limited due to their high cost. The indicator output is based on the distance travelled 
by a high viscosity low surface tension liquid in an adequately selected porous medium. The ability 
of the above principle to be used in the development of a time-temperature indicator is discussed 
using application results.  
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Zinc oxide (ZnO) powders are used as feed additives for supplementation in diet of monogastric 
animals. Increasing its bioavailability is a major challenge as it allows reducing the doses in the feed 
and the final release in the environment. It may barely be considered that fast dissolution of ZnO in 
the digestive tract would increase the transfer of Zn2+ ions to the blood stream. This is actually not 
the case because too fast dissolution causes re-precipitation together with phytic acid in the basic 
medium at the entry of the duodenum. Dissolution kinetics needs being controlled. This is the main 
reason why there is a large variability of bioavailability of current commercial ZnO feed additives, 
depending on the physicochemical characteristics of the powder, namely primary particle, aggregate 
and agglomerate sizes, specific surface area, density. This is the matter of a careful investigation of 
the relationship between ZnO characteristics and dissolution kinetics. A fundamental issue is the 
discrimination of reaction-limited or diffusion-limited dissolution into a stirred liquid medium. 
Relationships between dissolution kinetics and physicochemical properties are investigated for a set 
of 34 ZnO samples of various origins. A principal component analysis allows sorting ZnO samples in 
three clusters having different physicochemical properties. A correlation analysis discloses the most 
relevant physicochemical characteristics affecting dissolution: density, agglomerate size and specific 
surface area. Coarse particles dissolve in a reaction-limited process according to their specific surface 
area. Fine aggregated particles dissolve in 2 steps: reaction-limited dissolution at the surface of ZnO 
primary particles, followed by diffusion in the quiescent liquid medium between primary particles 
inside aggregates to the stirred bulk aqueous medium. A reaction-diffusion model is proposed [1]. 
Different ZnO sources have shown different responses on animal bioavailability. It is still not clear 
whether in vivo bioavailability is related in a straightforward way to dissolution kinetics. This point 
has been challenged in an in vivo investigation of 135 male Cobb broiler chickens fed with diets 
supplemented by different sources of ZnO or ZnSO4 at 6 or 12 ppm. Different sources of ZnO showed 
an effect of Zn dissolution in the stomach and influenced total Zn in the ileum. The bioavailability of 
the different sources varied from 49 to 160% compared to the ZnSO4 reference [2]. The size of 
particles aggregates that controls the dissolution rate correlates with the large variability of 
bioavailability tested in broilers. In conclusion, physicochemical properties of ZnO strongly influence 
dissolution kinetics and partly explain the variability observed in terms of Zn biological value. 
 
Keywords: Zinc oxide; Bioavailability; Dissolution kinetics; In vitro experiments; In vivo 
experiments 
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It is possible that Pickering emulsions can optimize the transport of nutraceuticals, pharmaceuticals, and other bioactive 
compounds in human physiology. So-called ultrastable Pickering emulsions are often destabilized in the gastric diges-
tion regime if the particles are proteinaceous in nature. The present study seeks to test how the interfacial structure can 
be engineered via synergistic particle–particle interactions to impact the gastric coalescence of Pickering emulsions. In 
this study, we designed plant-based protein-particle-stabilized oil-in-water emulsions (PPM-E, with 20 wt % sunflower 
oil) via pea protein microgels (PPM at 1 wt %). The PPM hydrodynamic diameter is ∼250 nm. In vitro gastric digestion of 
PPM-E confirmed droplet coalescence within 30 min of pepsin addition. Supposedly surface-active cellulose nanocrys-
tals (CNCs, 1–3 wt %) were added to PPM-E at pH 3.0 to determine if they could act as a barrier to interfacial pepsino-
lysis due to the CNC and PPM being oppositely charged at this gastric pH value. A combination of confocal microscopy, 
zeta potential, and Langmuir trough measurements suggested that CNCs and PPMs might form a combined layer at 
the O/W interface, owing to the electrostatic attraction between them. CNCs at >2 wt % inhibited the pepsinolyis of the 
adsorbed PPM film and thus droplet coalescence. However, increasing concentrations of CNC also increased the bulk 
viscosity of the PPM-E and eventually caused gelation of the emulsions, which would also delay their gastric breakdown. 
In conclusion, tuning the bulk and interfacial structure of Pickering emulsions via synergistic interactions between two 
types of particles could be an effective strategy to modify the enzymatic breakdown of such emulsions, which would have 
important applications in pharmaceuticals, foods, and other soft-matter applications.

Keywords: Pickering emulsion, pea protein microgel particle, cellulose nanocrystal, electrostatic attraction, Langmuir 
trough, in vitro gastric digestion
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Lead halide perovskite quantum dots are well-known for their low lasing threshold, high 
photoluminescence quantum yields and easily tuneable luminescent wavelength. While they have 
been used in solar cells and LED devices, they are underutilised in other applications. As a possible 
solution to tackle the limitation of electron temperature for low-temperature experiments, Haupt et 
al. suggested using quantum dots as an optical thermometer for millikelvin temperature[1], and 
quantum dot-based optical thermometers have been demonstrated for both ultra-low temperature 
[2] and around the room temperature range[3].  

In this study, we have utilised CsPbX3 perovskite quantum dots as the base of a highly sensitive 
2D optical thermometer for the room temperature range. The quantum dots used are synthesised via 
the supersaturated recrystallisation method at room temperature and dispersed into a PMMA 
solution. The result dispersion is then cast on the surface of interest, with varying concentration and 
thickness, particularly at positions where thermocouples would be physically impossible to be 
placed. External UV light source and spectrometer are used to excite the quantum dots and measure 
their photon counts.  Calibration curves between the quenching behaviour of photoluminescent and 
increasing temperature are then developed, leading to precise and accurate temperature 
measurement that exceeds other conventional temperature measurement methods for this 
particular temperature range. Sample tests are conducted with the optical thermometer being 
applied on the inner side of a microchannel chip to prove the practicality of the proposed design. 
 
Keywords: perovskite quantum dots, optical thermometer, quantum extinction, sensor design 
 

 
Figure 1. Left: Photoluminescent intensity of CsPbBr3 quantum dots vs Temperature (in °C). The peak at 400 nm is 

the UV light used to excite the quantum dots. Right: the linearised relationship between photoluminescent intensity and 
temperature difference 
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Nonionic hydrotropes have been recently understood as “nearly self-assembling” weakly surface-
active molecules that facilitate solubilization near a miscibility gap. In this work, we try to decipher 
the behavior of an emblematic ionic hydrotrope: sodium salicylate (NaSal) [1].  Model water 
insoluble solutes and common salts show different solubility maps [2]. The domain of efficiency for 
solubilization in the single-phase domain is shown on the figure 1. When efficiency of solubilization 
is mapped versus composition, four different domains of composition where hydrotropes are 
efficient can be identified. Small angle scattering combined with conductivity and self-diffusion 
coefficients allows to distinguish between these four distinct regimes of efficiency [3]: pre-nucleation 
clusters (PNC), Ultra-Flexible MicroEmulsions (UFME), weak w/o aggregation sometimes described 
as “complexes” in supramolecular chemistry and the well-known  solubilization near a critical point 
facilitated by fluctuation. 
 

Surprisingly, these mesostructures are resilient toward the presence of rare earths ions as well 
as strong acids, which allows a green liquid-liquid extraction in industrial scale. However, on a 
macroscopic scale, the phase boundary and the tie-lines shift in salting-in and salting-out, leading to 
a crossing of the binodals.  
 
Keywords: Tie-lines; critical fluctuations; sodium salicylate; solubilization; pre-nucleation 
clusters; Pre-Ouzo effect. 
 

 
Figure 1. Phase diagram of water/NaSal/ethyl acetate and associated solubilization regimes of lanthanum in the 

monophasic region. 

References 
[1] A. El Maangar, P. Degot, V. Huber, J. Causse, P. Berthault, D. Touraud, W. Kunz and T. Zemb, 

Journal of Molecular Liquids, 2020, 310:113240. 
[2] P. Degot, V. Huber, A. El Maangar, J. Gramüller, L. Rohr, D. Touraud, et al, Journal of Molecular 

Liquids, 2021, 329:115538.  
[3] A. El Maangar, J. Gramüller, V. Huber, P. Degot, D. Touraud, W. Kunz and T. Zemb, In 
preparation. 

w(Ethyl acetate)

w
(w

at
er

)

80

80

80

60

4060

20

20

20 w
(Sodium

 Salicylate)

2 
S/L 60

40

40

CP2 
L/L

262



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

OP12.3 

 
Interfacial mobility of surfactant and nanoparticle -laden 

interfaces under asymmetric shear flow 
Milad Eftekhari1,2, Karin Schwarzenberger1,2, Sascha Heitkam1,2, Aliyar Javadi1, Kerstin 

Eckert1,2 
1Helmholtz-Zentrum Dresden-Rossendorf, Institute of Fluid Dynamics, Dresden, Germany 

2Technische Universität Dresden, Institute of Process Engineering and Environmental 
Technology, Germany 

 
Presenting author e-mail: m.eftekhari@hzdr.de 

 
 

The shear stress of an axisymmetric flow field triggers a nonuniform distribution of the surfactants 
at the surface of a rising bubble, known as stagnant cap. This nonuniform surfactant distribution 
creates a surface tension gradient that counteracts the viscous shear stress of the flow and thus 
reduces the mobility of the interface. However, in technological processes the flow field often is 
asymmetric e.g. due to the vorticity in the flow. Under such conditions, the interface experiences an 
unbalanced shear stress that is not curl-free. Thus, it cannot be compensated by the redistribution of 
the surfactants at the interface [1].  
 Here, we conduct model experiments with a bubble at the tip of a capillary placed in a defined 
asymmetric flow field. Thereby, we investigate the mobility of the interface in the presence of 
surfactants and nanoparticles using microscopic particle tracking velocimetry. Compared to 
surfactants, nanoparticles have substantially higher desorption energy, leading to irreversible 
adsorption. Thus, a different interaction between the bulk flow and the interface is expected for 
different types of adsorbed materials.  
 In this study, we show a direct experimental observation of the circulating flow at the interface 
under asymmetric shear stress. The results indicate that the interface remains mobile regardless of 
the surfactant concentration [2]. Additionally, we show that the nanoparticle-laden interface adopts 
a solid-like state and resists the interfacial flow upon surface compression. Our results imply that the 
immobilization of the interface can be described by the ratio of the interfacial elasticity to the bulk 
viscous forces. 
 
Keywords: Rising bubble, asymmetric shear flow, surfactant distribution, nanoparticles, interfacial 
immobility 
 

 
Figure 1. Velocity distribution around a bubble attached to the tip of a capillary and pathlines of the interfacial flow. 

The color on the bubble denotes the light intensity of the particles.  
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The Operando characterization of alkaline cations intercalation requires a high sensitive method 
with microscopic spatial resolution to optimize the rapid mass transport and the homogeneity of 
storage of ions for rechargeable battery electrode materials. 
 
Operando Imaging ellipsometry [1] is a method for real time imaging the electrode material in a 
working cell with a lateral resolution down to 1 µm while the cell is charged/discharged or is changed 
under other external influences. Imaging ellipsometry in more general, combines optical microscopy 
and ellipsometry for spatially resolved layer-thickness and refractive index measurements of micro-
structured thin-films and substrates. It is an all-optical, non-destructive measurement technique, 
based on the sample’s interaction with polarized light. It is highly sensitive to single- and multi-layer 
ultrathin films, ranging from mono-atomic or monomolecular layers (sub-nm regime) up to 
thicknesses of several microns. The technique has been used to characterize the optical properties of 
graphene [2], [3], to localize flakes [4] and for atomic layer resolved Imaging of 2D Materials with 
microscopic resolution [5]. 
 
As an example, the reversible intercalation of sodium ions into Janus graphene as novel anode for 
sodium ion battery was investigated, and the corresponding Delta and Psi were recorded during 
three charge/discharge cycles. The motivation for designing these materials is that replacing lithium 
by sodium in batteries is both a promising and challenging approach. The most critical step is the 
intercalation of Na ions into graphite. We provided a new idea using artificial graphite 
nanostructures based on “Janus” graphene to address this issue [1].  
 
 
Keywords: Operando Imaging Ellipsometry, Janos Graphene 
 

 
 

Figure 1. Setup of Operando Imaging Ellipsometry as well as results:  Microscopic Delta maps of the uncharged 
Janus-Graphene (a), at different points during intercalation/deintercalation (b-e)  and Delta maps referenced to the 
map representing the uncharged one (f-g). 

264



ECIS 2   21   ATHENS, GREECE, 5-10 September, 2021

OP12.5
 

 

 

Classified as Confidential 

  Surface modifications of bacteria under diabetic conditions: 
Analysis of physical surface properties. 

 
Maria Fernandez-Grajera 1,2, Amparo M. Gallardo-Moreno 1,2,3 and M. Luisa Gonzalez-

Martin 1,2,3  
 

1University of Extremadura, Department of Applied Physics, Badajoz, Spain. 
2University Institute of Biosanitary Research of Extremadura (iNube), Badajoz, Spain. 

3Networking Research Center on Bioengineering, Biomaterials and Nanomedicine 
(CIBER-BBN), Badajoz, Spain. 

mariafg@unex.es 
 
 

The utilization of typical colloidal surface properties such as hydrophobicity (MATH) and zeta-
potential () to describe the adhesive behaviour of biological systems such as bacteria is frequently 
carried out [1]. This work will analyze the changes that these properties may undergo in bacteria 
associated with nosocomial infections when exposed to components present in the serum of 
diabetic patients, such as glucose and ketone bodies. The results will help to understand why 
diabetes is associated with a higher incidence of infections and a worse eradication of these. 

In order to understand the mechanism of action of glucose and ketone bodies, the study will be 
carried out with live and inactivated bacteria and inert particles. 

Results show that the impact of glucose on the physical properties starts from the bacterial growth. 
However, ketone bodies does not seems to affect neither bacterial hydrophobicity nor zeta potential 
when metabolized, but its effect seems to be more related to a physical adsorption of the molecules 
acetone, acetoacetate and hydroxybutyric acid on the bacterial wall, causing, for example, the 
hydrophobicity to increase by 50%. This is in agreement with what has been observed for inert 
particles. 

Considering zeta potential results, the effects of glucose and ketone bodies are the opposite: glucose 
causes a large increase in the absolute negative zeta potential while ketone bodies decrease the net 
negative charge of the microorganisms. The same behaviour was observed for inert particles. 

When both components are together, which correspond to bad-controlled diabetic patients, the 
changes in the physical parameters are governed by those of ketone bodies. By consequence, the 
increase in hydrophobicity and decrease in absolute zeta potential would make bacteria more prone 
to adhere to any surface, increasing the risk of developing any infection and making it more 
difficult to eradicate. 

 
 
Keywords: Bacteria, Zeta Potential, Hydrophobicity, Diabetes. 
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The surfaces with hierarchical roughness, characterized by an extreme wettability, are considered 
among the most prospective way to solve the problem of the bacterial infections which are 
responsible for morbidity and mortality in hospitals. In this presentation, we analyze the interaction 
of bacterial cells dispersed in nutrient medium, with superhydrophobic or superhydrophilic surfaces. 
We will consider the types of surface forces, acting in a liquid interlayer between the cell and the 
solid and determining the strength of primary adhesion of cells to the surface (Figure 1). Besides, we 
monitor the evolution of the properties of both the superhydrophobic surface and the suspension of 
Escherichia coli bacteria during their prolonged contact and study the impact of such contact on the 
bactericidal activity of the surface. It is shown that by controlling the corrosion resistance and the 
wettability of the superhydrophobic copper substrate, it becomes possible to sustain the bactericidal 
action of copper substrates for a long time, simultaneously avoiding the excessive corrosive 
degradation and release of copper ions in the environment [1, 2]. 
 
Keywords: biodegradation, biocorrosion, nosocomial infections, bactericidal surfaces, DLVO 
forces 
 

  
Figure 1. Cross-section (left) and top-view (right) SEM image of E. coli bacterial cell on the surface with hierarchical 

roughness. The arrow points to cell piercing on surface nano-asperity.  
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Laccases (LCs, benzenediol: oxygen oxidoreductase, EC 1.10.3.2) are multi-copper oxidases which  oxidize 
various phenolic compounds by one electron transfer with the concomitant reduction of dioxygen to water. It 
has been demonstrated that these enzymes are involved in the delignification mechanism, and for that reason 
they are of potential technological interest for green chemistry applications, such as bioethanol production.[1] 
However, the use of free enzymes is often hampered by several limitations such as: high costs, low operational 
stability (extreme conditions of T and pH) and difficult recovery and reuse.  Most of these drawbacks can be 
overcome through enzyme immobilization on solid supports. [2] Zeolites and metal organic frameworks 
(MOFs) are solid materials which, among several applications, are presently used to host macromolecules, 
such as enzymes.  
Here, the laccase from Aspergillus sp. was immobilized, for the first time, on two trimesic acid-based (Tb-BTC 
and Gd-BTC MOFs) MOFs and a macroporous (MFI) zeolite. LC immobilization on MOFs occurred in situ 
under mild conditions, e.g. aqueous solution, neutral pH, and at room temperature (Figure 1 a). The 
immobilization of the laccase on MFI-Type Zeolite crystals with embedded macropores (Figure 1 b) was instead 
carried out via post-synthetic treatment. The three immobilised biocatalysts were characterised by SEM, FTIR, 
N2 sorption and TGA. The free LC, LC@Tb-BTC, LC@Gd-BTC and LC@ZMFI biocatalysts were also 
characteirized in terms of specific activity, kinetic parameters (KM and Vmax) and both storage and operational 
stability.  
 
Keywords: Laccase, enzyme immobilization, MOFs, Zeolite. 
 

a)           b)  
 
Figure 1: a) Schematic preparation of the LC@MOF biocatalyst b) Schematic preparation of the LC@ZMFI biocatalyst 
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Energy-efficient air purification and sanitization are widespread needs. Photocatalytic Oxidation 
(PCO) recently emerged as an attractive answer, thanks to its potentials to treat simultaneously 
Volatile-Organic-Compounds (VOC) and microorganisms. Nevertheless, efficacy of current PCO 
systems is unsatisfactory. Two bottlenecks are identified: one is the limited photocatalytic activity of 
the structures employed. Classical PCO -based on TiO2, activated by UV radiation typically from 
mercury lamps- can be replaced by nanoparticles (NP) of mixed Zn/TiO2 composition activable by 
visible light, generated by energy efficient LED sources. The other bottleneck is the limited extension 
of the surface whose photocatalytic activity triggered by illumination of appropriate intensity.  

To overcome both bottlenecks, we suggested an approach developing on multiple length-scales 
and based on concepts of material and surface sciences. We plan to form sponges of hierarchical 
porosity, starting from NP-stabilized foams. Their surfaces will be covered by photocatalytic NP to 
be activated by visible light. Thus, the key ingredient for this is an NP of known efficient 
photocatalytic activity, such as the Zn/TiO2 NP which we synthesize by sol-gel as in [1].  

We report here on the NP structure and morphology investigated by electron microscopy, DLS, 
spectroscopy, and we provide preliminary results regarding their photocatalytic activity. In view of 
the use of these NP to fabricate objects of hierarchical porosity to be employed as PCO filters, we 
discuss their capability to stabilize foams. In this regard, we preliminary characterize the surface 
activity of the complexes formed by these NP once they are dispersed in appropriate surfactant 
solutions and we examine the morphology of the film that they form at the air-water interface. We 
conclude by discussing perspective applications to PCO air filters. 
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To date, plastic particles have mainly been categorized by polymer type, shape, and size [1]. But there 
is another important issue arising when investigating microplastic and its interaction with cells. With 
decreasing size, the surface-volume ratio increases which makes surface properties more important 
to consider. It is generally believed that the surface properties of the particles influence the cell 
interaction.  

Therefore, we investigated un-functionalized polystyrene particles with the size of 3 µm with 
different surface properties of two different manufactures. We found out that the cellular interaction 
and uptake of microplastic particles (polystyrene) differs for the two particle types. Using Colloidal 
Probe-Atomic Force Microscopy (CP-AFM) we could show a significant difference in the electric 
surface properties: homogeneously charged particles vs. heterogeneously charged particles. The 
heterogeneous surface charge manifests itself in an electrostatic interaction of the particles that 
depends on the mutual orientation of the particles.  

CP-AFM is therefore a magnificent tool to obtain additional information’s about surface charge 
and its distribution on microplastic particles. 
 
Keywords: Colloidal Probe-Atomic Force Microscopy, electrostatic interaction, surface charge 
 
 

 
Figure 1. Homogeneously charged polystyrene particles left vs. heterogeneously charged particles right. 
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Degradation of plastic items dispersed in the environment results in processes leading to the 
formation of micro- and nanoplastics, with a rate of fragmentation and of newly generated reactive 
surface that is the result of a combination of the specific degradation mechanism that is dependent 
on the polymer type, and of the intensity and sensitivity to different environmental stressors 
(photo-oxidation, hydrolytic degradation, mechanical abrasion, biological attack) [1].  

While an increasingly large number of studies are focused on the counting and identification 
of the number of particles to assess their distribution and concentration in different environmental 
compartments, mainly aquatic, there is still a major lack of understanding of the most relevant 
mechanisms of interaction and exchange of this class of pollutants with the environment and with 
the living organisms. 

Our research has been focused lately on the identification of the alterations at a molecular 
level occurring as a result of the main stressor, that is photo-oxidation, by means of detecting the 
specific molecular or oligomeric fragments that are generated by different polymer types. Such 
process is autoaccelerated by the fragmentation as it increases the specific surface area and thus 
the effects of exposure to environmental stresses. The molecular and oligomeric species released as 
volatiles or as leachate in water are analyzed in detail to build a database that should allow to 
investigate the possible polymer-specific effects of the biological organisms exposed to these kind 
of pollutants. 
 
Keywords: Microplastics, Nanoplastics, Polymer Degradation, VOCs, leachate. 

 
Figure 1. Enhanced VOCs release by micro- & nanoplastics as the result of their large specific surface area. 
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Detergents are broadly used in our everyday life for cleaning and washing. The use of detergents is, 
however, a well-known source of water pollution and is a serious environmental problem. The idea 
to use pure water for detergent-free washing and cleaning has been around for some time[1], but is 
still not broadly implemented because of lack of consensus about its scientific foundations. 

In this work, we examine the efficiency of pure water in detergent-free cleaning procedure 
using Quartz Crystal Microbalance with Dissipation (QCM-D) monitoring – a technique that was 
previously used to evaluate the detergency of surfactant solutions[2]. For comparison we perform 
the same cleaning cycle using tap water, 10 mM NaCl solution and SDS solution. QCM-D results 
(figure 1.a) show that both grades of purified water remove 92% of vaseline deposited of the surface 
while tap water (without detergent) washes away only ≈75%. As expected, SDS solution fully removes 
the deposited layer.  

Moreover, contact angle results, figure 1.b, show that the angle in pure water is higher, which 
facilitates the roll-up mechanism of cleaning[3] compared to tap water. We hypothesize that the 
mechanism behind the cleaning and washing without detergents relies on the electrostatic 
interactions. To further investigate the effects of salt ions on cleaning mechanisms we performed 
Dynamic Light Scattering, zeta potential and synchrotron Small Angle X-ray Scattering experiments.  

 
Keywords: ultra-pure water, detergency, detachment of oil from solid surfaces, washing 

 
Figure 1: Left: Fraction of removed vaseline for each water grade (DIRO and MQ: purified water grades, TAP water, 10 mM 
NaCl solution). Right: contact angle of oil droplet on glass surface in water. Pure water (top) and tap water in Malmö (bottom).  
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In the last decade, the phenomenon of coalescence-induced droplet jumping has been studied in 
depth due to the advantages it brings in applications such as anti-frosting, anti-icing, condensation 
heat transfer, water harvesting and self-cleaning. In this work we show theorically and experimen-
tally that surfaces structured with micro truncated cones covered by highly hydrophobic nanostruc-
tures exhibit a recurrent self-ejection of single condensate droplets in addition to the common jumps 
induced by coalescence. We analytically modeled both the slow growth of a condensate droplet in 
conical pores (a semplification of the growth between truncated cones) and the rapid transient for 
two cases of self-ejection: 1) abrupt wettability change of the lower meniscus that detaches from a 
less hydrophobic site and 2) rapid swelling of the upper meniscus when it arrives at the apex of the 
cones. In both cases, viscous and adhesion dissipations were included. Building the model of the 
system of forces for growth and self-ejection requires a careful choice between external and inter-
nal forces, often confused. The modeling with forces, unlike the energetic one, allows to describe 
the ejection transient and to derive the droplet velocity while maintaining the dependence on the 
dynamic contact angles of the superhydrophobic walls and of an eventual pinning site, fundamen-
tal quantities for the design of real surfaces. The fabrication of silicon micro truncated cones with 
different tapers, dimensions and wettability (imparted by nanostructures) and condensation exper-
iments allowed us to find the surfaces that maximize the number of self-ejection events (Figure 1). 
Furthermore, we performed condensation frosting experiments and compared the frost propagation 
delay of surfaces exhibiting or not self-ejection in addition to coalescence-induced droplet jumping. 
Future investigations of this new class of surfaces may show advantages also in the other mentioned 
applications.

Figure 1. Condensation experiment (T=1°C, saturation ratio=1,8) on nanostructured 
truncated cones arranged in a square pattern. For times 0 s and 3 s, green circles 
indicate the droplets an instant before self-ejection.
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Most of the household hard surface cleaning studies are focused on the chemical part of cleaning, 
the detergent action. The mechanical part of cleaning though (friction), is crucial and is not 
researched as much [1]. Thus, in this work frictional forces during a cleaning process have been 
obtained and compared with cleaning efficiency. This cleaning process, consists of 5 main 
parameters: mechanical force, cleaning device, liquid phase used for cleaning, stain or soil and hard 
surface. This study has focused on the mechanical force, cleaning device and liquid phase. 

A new method was developed to evaluate and correlate cleaning and frictional force. For that 
reason, a ForceBoard was used. The Forceboard is a piece of equipment that can measure applied 
vertical and horizontal force (Figure 1). A camera was attached above the experiment for evaluating 
the cleaning efficiency, by image analysis. Enamel tiles were stained with black Sharpie marker to be 
used in the cleaning experiments. Melamine foam, polyester and polyurethane sponges were the 
cleaning devices. 4 cleaning liquids were used to evaluate the effect of polarity and viscosity. To 
characterize the cleaning devices, techniques like Atomic Force Microscopy (AFM) and X-Ray 
Tomography were used. 
 For the specific cleaning experiments, melamine foam showed the best cleaning. Polyester 
displayed a more mechanical removal-based cleaning, since high viscosity of the cleaning liquid was 
preventing any cleaning. Polyurethane had a more composition-based cleaning, since non-polar 
cleaning liquids prevented any cleaning. AFM results also supported this argument. From the 
friction data, in most cases a pattern was observed. Initially there was an increase in friction 
coefficient that indicated roughen of the surface due to cohesive removal. Then reduction started, 
indicating adhesive removal and contact of the sponge with the clean tile. 
 
 
Keywords: ForceBoard, friction, cleaning device, polarity, viscosity 
 
 

  
Figure 1. ForceBoard set-up with a camera attached on top, the i-motor on the side which is moving the arm in 

cleaning loops (10 mm/s) that has the sponge holder attached. The applied load for the experiments was 3 N. 
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Wetting can be broadly categorized into two groups, non-reactive and reactive wetting. Many 
experimental efforts have been attempted to study both wetting processes but there are still 
many unanswered questions. Theoretically, non-reactive wetting is relatively well described. 
However, due to the complexity of the reactive wetting process especially for a highly reactive 
wetting system like liquid Aluminum (Al) /solid Nickel (Ni) at high temperatures a better 
understanding of the effect of reactivity on the wetting is needed.  

Atomistic simulation can be regarded as a potential option to unravel the mechanisms 
controlling this process. The main goal is to study non-reactive and reactive wetting of Al(l) 
on Ni(s) and characterize the effect of reactivity on the wetting. 

Molecular Dynamics simulations are performed with Embedded Atom Method force 
field developed by Zhou et al. (2004). To simulate the wetting, a droplet of Al(l) (12195 atoms) 
is positioned on top of a substrate of Ni(s) (248549 atoms) at 1023.15 K (Figure 1). To simulate 
a non-reactive wetting system, Ni atoms displacements are restricted to just thermal 
vibrations. 

When in close contact, Ni and Al atoms diffuse into each other. Several consequences 
are observed: 1) Temperature increases at the interphase due to the exothermic reactions. 2) 
Different intermetallics form. 3) The composition of substrate and droplet are changing during 
the wetting. As a result, e.g. droplet properties such as surface tension is changing during the 
spreading. The effect of reactivity on spreading rate is also explored by modeling the base 
radius dynamics as R=atb where t is time. Reactive wetting shows a higher value of b than non-
reactive wetting, i.e. reactivity enhances the spreading rate [2].  
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(a) (b) 

Figure 1. Side view (Cross-section) illustration of reactive (a) and non-reactive (b) wetting of liquid Al (Gray 
atoms) on solid Ni (Blue atoms) at 50 ps 
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The development of superhydrophobic and/or functional surfaces is attracting the scientific interest 
due to their broad range of applications [1]. At the same time, polymer materials with optimized 
properties can be prepared when nanosized inorganic materials are added to a polymer matrix 
resulting in a nanocomposite [2]. In this work, we report on the development of superhydrophobic 
and water repellent polymer nanocomposite coatings deposited on soft polyethylene, PE, substrates 
by utilizing nanoadditives of different geometries and sizes. The coating morphology and effective 
roughness were investigated with Scanning Electron Microscopy and profilometry, respectively, as a 
function of the nanoadditive content. In the case of PE substrates, the optical clarity of the original 
film was preserved following the nanocomposite coating as verified by UV-Vis spectroscopy. The 
surface properties of the films were investigated by contact angle measurements; the water contact 
angle depends strongly on both the polymer and the inorganic nanoadditive utilized for the coating 
as well as on its composition whereas the contact angle hysteresis was significantly affected by the 
presence of the inorganic nanoadditives. 
 
Keywords: contact angle, contact angle hysteresis, superhydrophobicity, water repellency 
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Figure 1. Water contact angle as a function of the inorganic nanoparticles content in the coating 
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