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Collective Cell Behavior in 3D Cell Assemblies—3D Printed Structures, Random 

Aggregates, and Perfectly Precise Arrays.  
  

Thomas E. Angelinia 
  

a Department of Mechanical and Aerospace Engineering, University of Florida, Gainesville, Florida, 32611 

USA  

 

 The remarkable differences between cells grown on plates and cells in vivo or 3D culture are well-

known. At the physical level, cell shape, structure, motion, and mechanical behavior in 3D are totally different 

from those in the dish and are far less explored. At the molecular level, cells grown in monolayers exhibit gene 

expression profiles that do not correlate or are anticorrelated with those of cells grown in 3D culture or 

xenograft animal models. However, our understanding of cell biology has been heavily shaped by the culture 

plate, whether viewed through the lens of gene expression profiles, signaling pathways, morphological 

characterization, or mechanical behaviors. Closing this major gap between 2D in vitro culture and in vivo 

biology requires a tunable and flexible method for creating 3D cell assemblies and performing experiments on 

cells in 3D environments. Critically, studying collective cell behavior in 3D assemblies is needed to gain an 

understanding of the relationship between the detailed cellular structure found within tissues and emergent 

tissue function. In this talk, I will describe how we use 3D biofabrication tools in combination with a 3D culture 

medium made from jammed microgels to perform a wide range of 3D experiments. I will demonstrate this 

experimental platform’s ability to print structures made from multiple cell types or extracellular matrix with 

predictable feature sizes down to the scale of a few cell bodies. I will also present data from numerous types 

of experiments performed in 3D, designed to explore collective cell behavior and cell-cell interactions. For 

example, I will discuss recent results on collectively driven mechanical instabilities in 3D printed structures, 

collective cell migration in 3D printed immunotherapy models (Fig. 1), cell aggregation in random 3D cell 

dispersions, and biofabrication with single-cell precision. 

 

 
FIGURE 1. Maximum intensity and time projections show 3D printed populations of T cells (red) migrating away from the 

location where they were deposited and reaching the 3D printed glioblastoma model (green). 
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A unified state diagram for the yielding transition of soft colloids 

 

S. Aime1, D. Truzzolillo1, D. J. Pine2, L. Ramos1, L. Cipelletti1,3 
 

1Laboratoire Charles Coulomb (L2C), Universit'e Montpellier, CNRS, Montpellier, France 
2New York University 

3Institut Universitaire de France 

 

Concentrated colloidal suspensions and emulsions are a prototypical example of amorphous soft solids, 

widespread in technological and industrial applications and intensively studied as model systems in physics 

and material sciences. Soft solids are easily fluidized by applying a mechanical stress. Although the yielding 

transition has been actively investigated, no consensus on a unified description has emerged so far. Here, we 

investigate yielding in three classes of soft solids, using analytical and numerical modelling and experiments 

probing simultaneously the microscopic dynamics and mechanical response under oscillatory shear.  

We find that at the microscopic level yielding consists in a transition, sharper than for rheological 

quantities, between two distinct dynamical states. We propose a lattice model with dynamical coupling between 

neighboring sites that captures the generic features of our experiments, leading to a unified state diagram for 

yielding. Disorder in the dynamical coupling plays a major role in the emergence of first-order-like vs second-

order-like features in yielding, allowing for reconciling previous contrasting observations on the nature of the 

transition. 
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Hierarchical peptide assembly into gels: from water-channels to cages 
 

Silvia Marchesana 
 

a University of Trieste, Chem. Pharm. Sc. Dept., Via Giorgieri 1, 34127 Trieste, Italy 

 

 

 Nature’s preference for homochirality (e.g., L-proteins, D-sugars) has stimulated our research, as we 

question it with heterochiral peptides. This scientific journey started from the design of short peptides to define 

self-assembly rules within chemical systems of biological relevance. Recently, we described how heterochiral 

diphenylalanine self-organizes into 4-nm wide nanotubes that give rise to a stable hydrogel with good 

biocompatibility [1]. Addition of a third amino acid enables further encoding of assembling instructions 

towards function, such as inhibition of pathological amyloid fibrillation [2], s,upramolecular catalysis [3-5], 

cell guidance [6], antimicrobial activity [7], etc. 

This lecture describes the most recent developments in the design of smart materials spanning from the 

formation of supramolecular water-channels with tuneable inner cavity diameter (0.4 - 2.0 nm) [8-10] to the 

most recent development of metal-organic cages with pendant peptides that gel into macroscopic materials 

(unpublished). This work is laying the basis to develop smart gels with dual porosities (i.e., cage cavities and 

gel mesh) that can be selectively addressed for encapsulation and release of molecules for a variety of 

applications, which could find use in areas as diverse as agriculture, catalysis, and medicine [11, 12]. 

 

 
 

FIGURE 1. Encoding of supramolecular instructions into heterochiral short peptides towards gels and cages. 
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Branched Superfluorinated Amphiphiles 

 

Pierangelo Metrangolo 
 

SupraBioNanoLab-DCMIC “Giulio Natta”, Politecnico di Milano, Via L. Mancinelli 7, 20131 Milan, Italy. 

E-mail: pierangelo.metrangolo@polimi.it  

Due to the higher electronegativity and larger dimension of fluorine than hydrogen, perfluoroalkyl 

chains are bulkier than their hydrogenated counterparts, characterized by greater rigidity, and generally assume 

a helical conformation to minimize steric hindrance. All these properties induce in perfluorocarbons peculiar 

self-assembling properties, thus generating functional materials with improved mechanical properties [1]. 

Unfortunately, linear-chain perfluorocarbons (PFCs) with more than four -CF2- units show long-lasting 

persistence in the environment, high tendency to accumulate in humans and animals, and suspected toxicity 

[2]. The use of short branched perfluorinated chains, as those present in perfluoro-tert-butoxyl-functionalized 

pentaerythritol derivatives [3-4], guarantee the insertion of a high number of equivalent fluorine atoms with an 

enhanced lability and biodegradability [2]. As shown in Figure 1, these molecules bear a high number of 

equivalent 19F atoms making them exceptional probes for 19F-Magnetic Resonance Imaging (MRI) applications 

[5]. However, superfluorinated molecules are not directly dispersible in aqueous solutions, thus chemical 

functionalization with hydrophilic moieties or tailored formulations are needed for obtaining their dispersibility 

in this medium. For this purpose, we developed novel dendrimeric amphiphiles functionalized at their core 

with branched fluorinated chains, starting from the F27 derivative [6]. The interesting self-assembly properties 

of these new families of fluorinated dendritic amphiphiles will be discussed in detail [7]. 

 

 
 

FIGURE 1. Chemical structure of PERFECTA, which shows 36 magnetically equivalent fluorine atoms, and 

of its derivative tri-perfluoro-tert-butoxyl-functionalized pentaerythritol (F27). This molecule shows 27 

equivalent fluorine atoms and a free hydroxyl group suitable for further functionalization. 
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Gels of DNA nanostars 

 

Francesco Sciortino 

   
 Sapienza Universita’ di Roma,  Piazzale Aldo Moro 2, 00185 Rome 

https://www.roma1.infn.it/~sciortif/index.html 

francesco.sciortino@uniroma1.it        

 DNA nanostars provide a versatile model system for investigating the physics of limited valence 

particles and the gel equilibrium state of matter[1]. The nanostars, assembled via a hierarchical self- assembly 

process[2], can interact with specific, tunable interactions encoded in the base sequence of the sticky ends. The 

availability of bulk quantities of nanoparticles made of DNA that closely match the designed structures allows 

us to transfer modern insights in paper and in silico into experimental realizations. I will first review how to 

exploit limited valence interactions to suppress phase separation[1,2] and form stable gel phases[3]. The 

resulting DNA hydrogels never crystallize and are characterized by the absence of aging and remarkable 

spatially uniform dynamics[4], in stark contrast to the concentration and dynamics heterogeneity exhibited by 

phase separation gels. I will also discuss how the adhesive sequence design can be used to select DNA-gel 

material properties, including  (i) how to exploit competing interactions to generate a reentrant gel[5], a material 

that is fluid at both high and low temperatures and a disordered open solid-like network structure in between,  

(ii) how to exploit bond exchange dynamics to create an all-DNA vitrimer[6],  (iii) how to self-assemble by 

design interpenetrating networks[7]. 

 

FIGURE 1. (left) A cartoon of a DNA Nanostar with functionality four, formed by four different DNA single strands. At the end 

of each of the four arms there is a single-strand sequence designed to control the self-assembly of the network. (right) A cartoon 

of a DNA gels assembled from DNA Nanostars. 
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Toward a unified description of polymeric to colloidal transition in soft colloids 

  

 Dimitris Vlassopoulosa   
  

a FORTH, Institute of Electronic Structure & Laser, and University of Crete, Department of Materials 

Science & Technology, Heraklion, Greece 
   

  

 Grafted nanoparticles represent a class of soft colloids that are ubiquitous in nature and applications. 

They can adjust their shape in crowded environments through deformation, compression and/or 

interpenetration. Their dynamics encompass polymeric and colloidal contributions and decoding them 

represents a formidable challenge which, when addressed, will allow tailoring their rheology at the molecular 

scale and designing new materials with desired properties, bridging polymers and colloids. We discuss an 

approach in this direction, which is based on the singular interplay of synthetic chemistry and rheology in the 

context of tunable grafted nanoparticle (GNP) melts. We use well-characterized GNPs with controlled particle 

size, grafting density and graft size, and probe their linear viscoelastic response with particular focus on the 

transition from polymer-dominated (graft) to colloid-dominated (particle) behavior. By analyzing each 

contribution we manage to describe their transition in the form a generic representation of normalized number 

of grafts, f, as a function of the overcrowding parameter; the latter  compares f with the maximum number of 

unperturbed chains that can fill the volume occupied by the corona (grafted layer). Other GNP and multiarm 

star  data fit into this picture, confirming its universal validity [1]. The available information on nonlinear 

response corroborates this picture. Here, we focus on the yielding transition where the polymeric and colloidal 

contributions are distinct. Hence, a unifying guide for exploring the hybrid dynamics of soft materials with 

practical interest seems to emerge.    
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Living Droplets Get to Work.  
  

Eric R. Dufresnea  
  

a Department of Materials, ETHZ 
 

 

 Cells need to organize chemical reactions.  In the classical view, lipid bilayer membranes define the 

boundaries of organelles – cellular sub-compartments with distinct chemical compositions. Recently, a number 

of liquid-like domains enriched in specific proteins and nucleic acids have been identified. While these 

membraneless organelles fulfill clear biochemical functions, they can potentially play mechanical roles.  

In this seminar, I will describe a series of experiments that span live cells, in vitro biochemical systems, 

and synthetic materials.  Together, they demonstrate three distinct ways that membraneless organelles could 

perform mechanical work.  In equilibrium, droplets' interfacial energy drives adhesion and deformation.  Near 

equilibrium, free energy liberated by condensation allows growing droplets to deform their surroundings.  Far 

from equilibrium, chemical reactions localized to droplets can create chemical gradients that drive flow.  

We hope that these basic physical insights will help us to understand the physiology of cells and inspire 

new approaches to the design of synthetic materials. 

 

 
 

Photo credit: Andrea Testa 
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Infomatter: Emergent Memory and Computing in Complex Matter.  
  

Martin van Heckea,b, Hadrien Benseb, Jingnan Dinga, Matthieu Laboussec, Jingran Liua, 

Margot Teunissea  and Amitesh Singha, 
 

a  Huygens-Kamerlingh Onnes Laboratory, Universiteit Leiden, PO Box 9504, 2300RA Leiden 

the Netherlands 
b AMOLF, Science Park 104, 1098 XG Amsterdam, the Netherlands 

c Gulliver, CNRS UMR 7083, ESPCI Paris and PSL University, 75005 Paris, France 

  

 

 Imagine squeezing a crumpled plastic sheet – what is its response? For complex materials – crumpled 

sheets, granular media, glassy materials – tiny forces already cause a nonlinear response, associated with 

hopping in the energy landscape, for which we lack a coherent description. The central tenet of this talk is that 

these hops organize in pathways that allow complex materials to process information.  

 

In particular, I will explain how collections of two-state hysteretic elements called hysterons describe 

these intricate pathways [1]. I then show how we can observe hysterons and pathways in a crumpled sheet, and 

in particular find that this sheet can do elementary computations (counting) [2]. Finally I show how to create 

metamaterials with controlled hysterons, and how these materials have the computational power of finite state 

machines, thus allowing complex pattern matching operations [3,4,5].  

 

Our work shines new light on the nonlinear response of complex materials - from crumpled sheets to 

mechanical metamaterials - and opens the door to information processing matter. 
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Electrokinetics in soap bubbles: fundamentals and applications 
 

Anne-Laure Biance 
 

Université de Lyon, Université Claude Bernard Lyon 1, CNRS, Institut Lumière Matière, F-69622 

Villeurbanne, France 

 

 

Nanofluidics in its large sense, i.e. the transport of liquid and ions at the nanoscale, is an emerging topic 

with many applications in energy harvesting, environmental science, and chemical or bio-diagnosis. From a 

fundamental point of view, picturing ion and molecule dynamics requires understanding the molecular details 

of liquid/surface interactions. However, creating model nanofluidic devices is difficult and expensive, and they 

are often not versatile.  

 

In this talk, I will show how we use soap films, which are intrinsically nanometric in thickness, as a new 

type of nanofluidic device. In the first part, I will present experiments and simulations showing how mass and 

ion transport are coupled at a soapy interface.  Recent results with so-called electronic surfactants will also be 

considered. In the second part, I will consider the case of bubbles and show how they can be used as nanofluidic 

channels, useful for diagnosis. Finally, I will consider the case of macroscopic liquid foams, in which ionic, 

mass, and thermal transport can be coupled to control foam stability. 
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Multiscale Modeling of Polymer Materials: Status and Perspectives 

Kurt Kremer 

 
Max-Planck-Institut für Polymerforschung, Mainz 

 

Properties of soft matter and polymers in particular are governed by a delicate interplay of energetic 

and entropic contributions. Generic universal aspects are as relevant as local chemistry specific properties. 

Thus, many different time and length scales are intimately coupled, which often makes a clear separation of 

scales difficult. This creates at the same time challenging materials science problems as well as the need for 

new theoretical methodologies. 

 

This lecture will review recent advances in multiscale modeling of soft matter, especially of highly 

entangled polymer systems in bulk and in thin films. Examples will include standard commodities (PC, PS, 

PU), where simulations triggered new experiments. Also examples of stimuli responsive polymers (e.g. 

PNIPAM) or intrinsically disordered proteins (IDPs) will be mentioned. Furthermore, problems of 

representability and transferability will be shortly addressed as well as the question of scaling of time upon 

coarse graining. The latter being essential for applications in the context of processing. Finally, new 

developments related to data driven methods will be included in the analysis of material properties. 
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One becomes two: non-equilibrium assemblies that split cells across evolution 

 

Andela Saric 
 

Institute of Science and Technology Austria 
 

  

             The molecular machinery of life is largely created via self-organisation of individual molecules into 

functional larger-scaled assemblies. Such processes are multi-scale in nature and constantly driven far from 

thermodynamic equilibrium. Our group develops minimal coarse-grained models to investigate how driven 

macromolecular assemblies result in living machines, and how such processes can fail, leading to diseases.  

Today I will present our research on computational modelling of active filaments that dynamically 

reshape and cut cells. I will present the comparison of our simulation results to live cell data on reshaping 

processes across evolution — from cellular trafficking to cell division in archaea and bacteria. Beyond their 

biological context, our models can help guide the design of artificial structures that are able to mimic life at the 

nanoscale. 
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Colloidal Architectures: Assembly and Applications 
 

Peter Schall 
 

a Van der Waals-Zeeman Institute, University of Amsterdam, Science Park 904, Amsterdam, The Netherlands 

 

 

Recent breakthroughs in the synthesis and design of colloidal building blocks allow the assembly of 

complex structures with unprecedented control over their architecture. In particular, patchy particles exhibiting 

highly directional interactions have emerged experimentally to assemble into “colloidal molecules”, and open 

crystal structures, analogs of atomic molecules and compounds at the micrometer scale. Such assembly control 

promises a wealth of new materials with functionalities designed from the bottom up by structurural control at 

micrometer and nanometer length scales.  

In this talk, I will show how the combination of patchy particles and solvent-mediated critical Casimir 

interactions enables fine control over directional bonding that can be explored to build colloidal molecules and 

investigate their equilibrium assembly routes and reactions. Using tetramer particles, we assemble colloidal 

analogs of well-known sp3-hybridized carbon compounds such as (cyclo)butane, butyne, cyclopentane, and 

cyclohexane, and investigate their transition states. Adsorbed at an attractive substrate, these particles become 

pseudo-trivalent, mimicking sp2 symmetry and assembling into two-dimensional materials such as graphene. 

We elucidate assembly pathways and defect formation in these materials and find that the colloidal analog 

exhibits defects similar to atomic graphene, allowing us to elucidate their kinetic origin and evolution.  

I will show that such control applied to the nanoscale can be used to design optoelectronic properties 

in assembled quantum dots, whose collective electronic states depend on the structure and quantum-mechanical 

coupling in the assembled packing, and which can be exploited in future optoelectronic devices. These results 

demonstrate the opportunities for applications and exciting new science that can be explored with these novel 

colloidal architectures.  
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 A flock of birds, a shoal of fish,  a swarm of robots,  a colony of swimming bacteria; these are examples 

of systems composed of interacting units that consume energy and collectively generate motion and mechanical 

forces on their environment. They show a rich variety of collective behaviour, much of which remains 

mysterious. In recent years we have come to call such systems active matter. Clearly, biology (living systems)  

provides numerous examples of these active matter systems.  

 

We call them active matter because they share some of the properties of the constituents of what we 

call matter, i.e. solids, liquids and gases in that they are made of  many interacting components. However they 

have fundamental differences in that many conservation laws that govern the interactions of normal (passive) 

matter are not obeyed by their active components. 

 

(Equilibrium) statistical mechanics has formed the framework for how we understand the properties of 

matter. I will argue that ideas developed in statistical mechanics must be augmented by a number of new 

mathematical structures to describe these systems. Then I will describe some recent theoretical work 

developing this framework for characterising the behaviour of active matter systems. Finally I will  apply it to 

describe some recent  experimental work studying collections of electrically-driven colloidal rollers moving in 

two dimensions 
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The mechanical assembly of bubbles or drops in a liquid carrier matrix generates foams or high internal phase 

emulsions. With increasing packing density, their morphology ranges from neatly packed spherical objects at 

jamming (Fig. 1A) to space-filling polyhedra (Fig. 1B). Since the resulting morphologies are dictated by 

minimisation of interfacial area (i.e. by capillarity), they obey fairly strict rules. In polyhedral packings, for 

example, „Plateau’s rules” hold: three films meet at 120° in “Plateau borders” and four Plateau borders meet 

in vertices of tetrahedral symmetry. Such tight constraints on foam/emulsion morphology put equally tight 

constraints on their physical properties, in particular, when they are used as templates for cellular materials. In 

the search for a wider range of morphologies it is therefore of great interest to establish mechanisms which 

allow to interfere with the mechanical self-assembly process in a controlled manner. A powerful tool arises 

from working with elastic interfaces (Fig. 1C) or elastic intruders (Fig. 1D), whose deformation adds additional 

elastic contributions to the system’s overall energy – and hence modifies the architectures obtained in 

mechanical equilibrium. We will provide a short state-of-the-art of the subject, illustrated by examples of 

emulsions whose drops are covered with elastic skins and foams mixed with elastic fibres/ribbons. 

 
FIGURE 1. Mechanically self-assembled  morphologies of bubbles/drops dominated by capillarity (A,B) or by a competition 

between capillarity and elasticity (C,D). This competition can arise from elastic interfaces (C) or elastic intruders, such as fibres 

(D). 
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  In the last 20 years, active matter has been a very successful research field, bridging the fundamental 

physics of nonequilibrium thermodynamics with applications in robotics, biology, and medicine. It deals with 

active particles, which, differently from passive Brownian particles, can harness energy to generate complex 

motions and emerging behaviors. 

Most active-matter experiments are performed with microscopic particles and require the use of advanced 

microfabrication and microscopy techniques. Here, we propose some macroscopic experiments with active 

matter employing commercially available toy robots, i.e., the Hexbugs. We demonstrate how they can be easily 

modified to perform regular and chiral active Brownian motion. Then, we show that they can interact with 

passive objects present in their environment and, depending on their shape, set them in motion and rotation. 

Furthermore, we show that obstacles in the environment can be employed to sort them based on their motility 

and chirality. Finally, we demonstrate the emergence of Casimir-like activity-induced attraction between planar 

objects in the presence of active particles in the environment. 
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 Fracture of soft materials can take place below the critical failure condition via slow accumulation of 

internal damage followed by fast crack propagation[1]. While failure due to subcritical fracture accounts for 

most of the structural failures in use, it is challenging to couple molecular damage into fracture mechanics, not 

to mention predicting fracture in time, due to the lack of current non-destructive detection methods with 

suitable spatial and time resolution. Here we use simultaneous space and time-resolved multispeckle diffusing 

wave spectroscopy (MSDWS)[2] and molecular damage mapping by fluoresecent mechanophores[1, 3] to 

investigate the onset of crack propagation of polydimethylsiloxane (PDMS) elastomers.  While the bulk of the 

elastomer remains elastic and intact, we detect a clear acceleration of strain rate over a large area of the order 

of a cm2, up to thousands of seconds the propagation of a crack occurs. Combining dynamics/damage mapping 

and finite element methods (FEM) simulation, this large scale dynamic elastic response is attributed to the 

highly localized molecular damage, occurring over 0.01 mm2 around the crack tip. This novel mechanism 

where molecular damage over a micron-size volume triggers readily observable changes in the elastic 

deformation field over a much larger volume of several mm3 shows the potential of MSDWS, using ordinary 

imaging and simple image processing, as a flexible tool to characterize and predict the occurrence of highly 

localized microscopic or molecular damage is soft materials by only examining the change in elastic response 

at a very early stage. 
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 Supramolecular constructs with complex topologies are of great interest across soft-matter physics, 

biology and chemistry, and hold much promise as metamaterials with unusual mechanical properties. 

 

A particularly challenging problem is how to rationally design, and subsequently realize, these 

structures and the precise interlockings of their multiple molecular strands. Here we report on the combined 

use of theory and simulations to obtain complex supramolecular constructs via programmed self-assembly. 

Specifically, by controlling the geometry of the self-assembled monomers we can direct the assembly process 

towards "privileged", addressable topologies of molecular knots, links and extended Olympic gels.[1-4] 

 

For an actual hands-on demonstration of the designed self-assembly of "macroscopic" trefoil knots see 

the video at this link: https://www.youtube.com/watch?v=XKsuMlp2PLc 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1. Privileged topologies for self-assembling supramolecular knots. Adapted from Marenda et al. [2] 
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 The motions of colloidal particles slow down tremendously as the suspension approaches the glass 

transition. This makes an accurate study of the transition a decades-long challenge. We use an indirect approach 

to bypass this difficulty. Instead of examining the dynamics of the glass-forming particles directly, we learn 

about it from the dynamics of small tracers that freely move in the host liquid. Correlations between the thermal 

motions of the tracers report on the flow response of the host liquid, which in turn reports on the state of the 

larger particles obstructing the flow. A model-independent phenomenological theory predicts distinctive 

signatures of the glass transition in these hydrodynamic interactions. (a) The decay of the correlation with inter-

particle distance r changes from 1/r below the transition to 1/r3 above it. (b) The indefinite increase of the 

viscosity  is accompanied by an indefinitely growing characteristic length, ℓ ~ 1/2. These critical signatures 

arise from the breaking of the host liquid’s translational symmetry when the matrix of glass-forming particles 

solidifies. Both signatures are observed in the experiment. In addition, there are indications for a sharply 

growing characteristic length as the transition is approached from the solid side. 
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 Filamentous viruses have been widely studied for decades as model system of rod-shaped particles in 

soft condensed matter [1,2]. Their ability to tune precisely their interaction results in a very rich phase behavior 

with a myriad of liquid crystalline states [3,4]. In this talk, we will go beyond the use of viruses as raw colloidal 

particles by discussing recent advances in their functionlization to create more complex structures [5]. Different 

strategies of regio-selective functionlizations will be shown, in order to bind virus tip with either organic 

molecules such as fluorescent dyes [6,7], or with metallic nanoparticles [5]. The resulting hybrid 

morphoplogies will be presented, inlcuding their self-assembly properties as well as their dynamics probed at 

the single particle level. 
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Foams are collections of bubbles dispersed in a continuous aqueous phase. Due to their large interfacial 

area, foams may be used as chemical reactors provided the reaction involves a gas. In this work we use foams 

in which the dioxygen present in the bubbles is used as an oxidant to oxidize and dissolve metals. The 

application we have in mind is the recovery of metals from WEEE, Waste from Electrical and Electronic 

Equipment, which is a major challenge to preserve natural resources. Current hydrometallurgy methods, consist 

in leaching metals with oxidizing solutions and generate large amounts of polluting effluents. Our leaching 

foams are composed of 90% v/v of gas and only 10% v/v of liquid hence are an opportunity to reduce the 

volume of effluents generated by hydrometallurgy. We take advantage of the oxidizing power of the dioxygen 

(O2) present in the air bubbles whose fast transfer through the foams enables an efficient oxidation of copper. 

We show that the liquid fraction in the foam controls the transfer of O2 from bubble to bubble. We show that 

it is possible to extend the concept of leaching foams to other metals such as silver (Ag) and to other surfactants 

that complex cupric ions and help improving the dissolution of the metal. These promising results open new 

recycling routes for metals contained in WEEE, with a lower environmental footprint. 
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 Almost all changes between states of matter are described by the theory of phase transitions. However, 

there is one phenomenon that still resists theoretical attempts to describe it: the glass transition. Moreover, the 

manifestations of the glass transition seem to be modified in polymer thin films. These observations could help 

to understand the detailed mechanisms of the transition and direct the use of thin polymer films towards 

promising applications. It is therefore crucial to understand the effects of confinement and interfaces on the 

glass transition in those films. 
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 Existing nonlinear rheological data of unentangled polymer melts indicate unexpected features, 

including a significant viscosity thinning in both steady shear1 and steady uniaxial elongational2 flows, which 

are incompatible with existing theories based on the Rouse model, even when accounting for the finite 

extensibility of the chains.2,3 Kuhn-segment orientation-induced friction reduction is confirmed to be the 

missing ingredient needed to describe the observed behavior, similarly to what previously found in entangled 

polymers.4 Recent data on semi-dilute unentangled solutions also indicate the importance of orientation-

induced friction reduction, but the effect is partially mitigated by a decrease of hydrodynamic interactions due 

to stretch-induced chain unravelling in fast flows.5 
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 From snowflakes to nanoparticle superlattices, a menagerie of complex structures emerge from simple 

building blocks attracting each other with Coulombic forces. On the colloidal scale, however, this self-

assembly feat is not easily accomplished. Although many colloids bear an innate surface charge, their strong 

electrostatic attraction is not directly suitable for crystallization. Instead, particles must be finely crafted to 

serve as self-assembling units. In this talk, I'll show the robust assembly of crystalline materials from common 

suspensions of oppositely charged colloids through a generic approach which we refer to as polymer-attenuated 

Coulombic self-assembly. I will demonstrate that, when particles are held separated at specific distances by a 

neutral polymer spacer, the attractive overlap between oppositely charged electrical double layers can be 

systematically tuned, directing particles to disperse, crystallize, or become permanently fixed on demand. 
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Colloidal particles strongly adsorb to liquid interfaces. Such two-dimensional confinements provides 

ideal model systems to fundamentally study self-assembly phenomena and phase behavior. At the same time, 

interfacial self-assembly is important from a technological point of view, and enables, for example, the creation 

highly stable emulsions or the fabrication of nanoscale surface pattern to be converted into functional 

nanostructures. The most widespread colloidal model systems, silica or polymer latex particles generally 

assemble in hexagonal packing, as expected for spheres in two dimensions. Microgel particles, however, show 

a significantly more complex interfacial behavior. Compared to their rigid analogues, their soft and swollen 

nature leads to a significant deformation under the influence of surface tension, leading to a characteristic core-

corona morphology. Under compression, the particles can further deform and alter their shape. This 

compressibility has large consequences for their phase behavior. 

In this presentation, I will first introduce how the molecular structure of soft particles determines the 

morphology such particles assume when adsorbed at a liquid interface. I will then show how this interfacial 

morphology governs the phase behavior of ensembles of soft particles under compression. These structure-

property relations especially reveal the importance of the polymer corona on the interfacial morphology, which 

dominates the behavior of microgels in contact. Using a simplified model of the structure of the corona, I will 

rationalize the resultant phase behavior based on the assumed particle interaction potential. Finally, I will 

demonstrate how one can rationally design interfacial morphologies to tailor the self-assembly properties. This 

procedure allows the design of complex assembly phases that have been predicted for particles interacting via 

Jagla potentials decades ago but have remained elusive in experiments. 
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  A droplet of sea water contains an entire ecosytem. There are microscopic plants, the phytoplanktons, which 

produce oxygen by absorbing carbon dioxide from the atmsphere by the process of photosynthesis. There are 

microscopic animals, the microzooplankton, which feed on the phytoplankton. In oceanic ecology, phytoplanktons 

consume around 65 peta grams of carbon annually, producing approximately 50% of oxygen on the Earth. 

Microzooplankton take on the role of herbivores, and consume about two thirds (40 Pg carbon) of this primary 

production. Despite their central importance, our understanding of the phytoplankton and microzooplankton in 

shaping oceanic communities is still much less developed at a single plankton level.  

Here, we demonstrate that by combining holographic microscopy (Fig. 1a) with deep learning, we can 

follow microplanktons through generations, by continuously measuring their three dimensional position and dry 

mass. The deep learning algorithms circumvent the computationally intensive processing of holographic data, and 

allow measurements over extended periods of time. This permits us to reliably estimate growth rates, both in terms 

of dry mass increase and cell divisions, as well as to measure trophic interactions between species such as predation 

events (Fig. 1b). We exemplify this by detailed descriptions of microzooplankton feeding events, cell divisions, and 

long term monitoring of single cells from division to division. 

 

 
 

FIGURE 1. (a) Schematic of the holographic microscope used for the experiment, (b) 3D recording of a feeding event where a 

predator (orange) approaches a prey (blue). The 2D projection of traces is superimposed on the holographic image at the bottom. 
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In nature, the vast majority of bacteria reside in self-assembled structures called biofilms [1]. The 

biofilm mode of life confers resistance to mechanical insults and protection against antagonistic environmental 

compounds [2]. Despite the highly variable composition of biofilm, their structure retains universal 

characteristics, such as a viscoelastic response [3]. As such, biofilms behave analogously to colloidal gels. For 

growth-induced biofilms, morphogenesis can be represented purely through mechanical interactions [4]. 

However, for aggregation-induced biofilm formation, the physical principles governing network self-assembly 

remains understudied.  

In this work, we present a bacterial system that displays a self-assembly dynamic analogous to 

sedimentation-induced percolation. Using a multiscale experimental approach, we relate the macroscale 

sedimentation dynamics to microscale network formation. We reveal how, at intermediate number densities, 

the presence of cell elongation significantly enhances the formation of space spanning networks. Furthermore, 

we modulate the network microstructure and porosity by tuning the cellular aspect ratio and cell surface 

hydrophobicity, which are, in turn, controlled using dissolved oxygen concentration and the application of 

enzymatic treatments. By modulating the network properties, we observe changes in corresponding yielding 

modes upon application of gravitationally induced stress. We confirm that bacterial aspect ratio and interaction 

potential induces the transition from clusters to network with molecular dynamic simulations. This work 

establishes a paradigm towards exploiting bacterial self-assembly for the creation of living gels using biological 

concepts to tune the network properties, with board applicability within wastewater treatment, industrial 

bioreactors and deep-sea sediments.   

 
FIGURE 1: (a) Representative micrographs of cluster morphology formed in low cell elongation conditions (b) Cell elongation 

induced through biological means induces phase transition to a space spanning network (c) Packing fraction profiles of the 

bacterial gels (orange- low cell elongation, blue- high cell elongation).   
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Cellular growth, death, and function rely on myriads of biochemical reactions occurring every second 

in a cytoplasm: a nanoenvironment of a gel-like structure filled with a crowded liquid [1]. Insight into these 

reactions is essential for understanding natural and pathological cellular processes. In vivo observation of 

reactions can be performed by micro- and nanoscopic tracking of labeled reagents. Quantitative interpretation 

of these data, however, relies on knowledge of the cellular interior properties. In our work, we measured the 

cellular interior's hydrodynamic drag, f = 6πηeffrp. We probed the hydrodynamic drag of cytoplasm [1] and 

nucleus [2]. We proved that this quantity has biological relevance, as it remains stable during the cell cycle [3] 

and between cells of various origins [1]. We derived parameters of the empirical length-scale dependent 

viscosity model in cells (LSDV), ηeff = f(rp), to enable the practical use of in vivo mobility measurement data. 

We use fluorescence correlation spectroscopy (FCS) and the LSDV model to identify the molecules and 

their interactions in living cells. This presentation will show examples of applying our method to the 

qualification and quantification of the potential drug carriers' cellular uptake. We will show how to distinguish 

endocytosis and non-endocytic uptake of nanoparticles, biopolymers, and proteins. FCS detects the probe's 

motion profile. We can deduce the uptake pathway by applying a proper physical model to the data fitting (free 

diffusion versus diffusion in a confined, moving space). Further, for the cytoplasm reaching probes, we identify 

the population of probes, providing their size by applying the LSVD model. Thus we can confirm the presence 

of the probe of interest and its possible interactions. Finally, the quantity of mobile probes derived directly 

from FCS data presents the number of molecules entering the cell. 

 

FIGURE 1. Quantification of cellular uptake: (A) motion of the molecule is detected in a cell via FCS; (B) model fitting provides 

the number of molecules and their diffusion times; (C) diffusion coefficients are calculated; (D) LSVD model provide sizes of the 

molecules; (E) the molecule or a complex are identified. 
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Characterizing dynamical processes in living systems provides essential clues for their mechanistic 

interpretation and link to biological functions [1]. Thanks to recent advances in microscopy techniques, it is 

now possible to routinely record the motion of cells, organelles, and individual molecules at multiple 

spatiotemporal scales in physiological conditions [2]. However, the automated analysis of dynamics occurring 

in crowded and complex environments still lags behind the acquisition of microscopic image sequences.  

 

This work presents MAGIK [3], a framework for characterizing dynamic properties from time-lapse 

microscopy. MAGIK exploits geometric deep learning capability to capture the full spatiotemporal complexity 

of biological experiments. MAGIK models the system’s motion and interactions through a graph 

representation. This graph is processed through an interpretable and adaptive attention-based Graph Neural 

Network (GNN) that estimates the associations among the objects and provides insights into the intrinsic 

dynamics of the systems.  

 

Through the use of geometric priors to process object features, MAGIK is able to perform multiple 

tasks, from linking coordinates into trajectories to inferring local and global dynamical properties. MAGIK can 

accurately retrieve information such as diffusion coefficients, diffusion modes, and anomalous diffusion 

exponents, even in highly heterogeneous scenarios, without the need for linking. We demonstrate the flexibility 

and reliability of this approach by applying it to real and simulated data corresponding to a broad range of 

biological experiments. All source code and examples are publicly available at the DeepTrack-2.1 GitHub 

repository [4, 5]. 
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Chirality plays an essential role in structure formation of condensed matter such as chiral magnets and 

chiral liquid crystals. Topological phases often emerge in such chiral materials, wherein helical and vortex-like 

skyrmion structures are observed. They are utilized to design magnetoelectric, optical, and mechanoresponsive 

materials by controlling such topological phases. However, the role of the elastic field in nonuniform 

topological phases is elusive, though the essential role of crystal elasticity in uniform ordered crystal phase has 

been recognized.  

 

To elucidate this problem, we construct a model describing chiral molecules in quasi-two-dimensional 

molecular crystals, which incorporates intermolecular chiral twisting and spheroidal steric interactions [1]. We 

reveal that emergence of the elastic fields from the competition between steric anisotropy and intermolecular 

twisting is a key to control uniform, helical, and half-skyrmion structures (Fig.1). By utilizing the coupling 

between the spheroidal orientations and the elastic fields, these topological phases are switched by temperature, 

external electromagnetic fields, and anisotropic stresses, where a re-entrant phase transition between the helical 

and the half-skyrmion phases is discovered. Our results imply that controlling the emergent elastic fields is 

crucial for obtaining a fundamental physical principle for controlling topological phases using chiral molecular 

and colloidal crystals.  
 

 
FIGURE 1. Phase transition between helical phase (left panel) and half-skyrmion phase (right panel). The colour represents the 

orientation of each particle. 
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Colloidal suspensions exhibit rich phase behaviour under the influence of external electric fields. They 

have been shown to form structures such as string fluids, body centred cubic (b.c.c), face centred cubic (f.c.c), 

body centred orthorhombic (b.c.o), space filling tetragonal (s.f.t) and body centered tetragonal (b.c.t) [1]. The 

colloidal suspension used in this study can be modelled by Yukawa interaction under zero field. In the presence 

of an external electric field, each colloidal particle gains a net dipole moment and results in a net anisotropic, 

dipolar interaction[2].  

 

Although the equilibrium phase behaviour of this system has been studied extensively by experiments 

and simulations [1,2], there has yet to be a study of its crystallisation mechanism, especially its polymorph 

selection during nucleation and growth. In this work, we are employing particle-resolved studies in real space 

and time via confocal microscopy to record the nucleation and growth of the colloidal crystals under the 

influence of an external AC electric field. By applying bond order parameters analysis and the Topological 

Cluster Classification on the tracked particles [3], we analysed the mechanism for polymorphic transformation 

in detailed. We found a novel two step nucleation mechanism in our system where the nucleus transformed 

from f.c.c to b.c.t at a fixed electric field. I will be discussing the use of electric field to control the nucleation 

and polymorph selection of such system, comparing its crystallisation mechanism with Oswald Steph Rules.  
 

 
FIGURE 1. 3D rendered image from tracked particles showing 2 step nucleation mechanism of dipolar HS 
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We use a densely packed double emulsion as a model soft granular material to produce freely-floating clusters 

of sizes of 20-40 grains (droplets). Despite the lack of an energetic potential, we report the occurrence of 

crystalline-like structures within such clusters. These structures can occur spontaneously during the formation 

of the clusters, but can also form within previously amorphously arranged structures due to flow, an effect we 

attribute to the input of noise and shear to the clusters from the surrounding flow. We find differences between 

the behaviours of two groups of droplets: those within the rim of the cluster and those within the inner part of 

the cluster. This largely stems from an intriguing competition between the tendency of the grains within the 

cluster to form the preferential crystal structure and effects on the surface of the cluster, such as the tendency 

of the cluster to minimize its surface area with the surrounding fluid due to surface tension and the tendency 

of droplets to stay at the surface after they became attracted to it once, which leads to a series of consequences, 

including an elongation of droplets at the surface of the cluster. 
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Noether’s Theorem [1] is familiar to most physicists due its fundamental role in linking the existence 

of conservation laws to the underlying symmetries of a physical system. Typically the systems are described 

in the particle-based context of classical mechanics or on the basis of field theory. We apply Noether’s calculus 

of invariant variations to thermal systems, where fluctuations are paramount and one aims for a statistical 

mechanical description, both in and out of equilibrium. Generating functionals, such as the free energy, yield 

mechanical laws under continuous translational and rotational symmetry operations. The resulting global 

theorems express vanishing of total internal and total external forces and torques. Local sum rules interrelate 

density correlators, as well as static and time direct correlation functions via infinite hierarchies, including 

memory. We demonstrate that this approach is consistent with the earlier work in equilibrium [2,3], and that it 

enables one to go, with relative ease, beyond the sum rules that these authors formulated. For anisotropic 

particles, systematic coupling of orbital and spin motion is identified. The theory allows to shed new light on 

the spatio-temporal coupling of correlations in complex systems. We present novel exact and nontrivial 

identities [4-6] that apply to time-dependent problems and driven and active fluids [7,8]. 
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 Rheotaxis is a well-known phenomenon among microbial organisms and artificial active colloids, 

wherein the swimmers respond to an imposed flow. We report the first experimental evidence of upstream 

rheotaxis by spherical active droplets. It is shown that the presence of a nearby wall and the resulting strong 

flow-gradient at the droplet level is at the root of this phenomenon. Experiments with optical cells of different 

heights reveal that rheotaxis is observed only for a finite range of shear rates, independent of the bulk flow rate. 

We conjecture that the flow induced distortion of an otherwise isotropic distribution of filled/empty micelles 

around the droplet propels it against the flow. We also show that nematic droplets exhibit elastic stress-induced 

oscillations during their rheotactic flight. A promising potential of manipulating the rheotactic behavior to trap 

as well as shuttle droplets between target locations is demonstrated, paving way to potentially significant 

advancement in bio-medical applications. 
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Eukaryotic cells can dynamically nucleate and dissolve liquid like protein/RNA droplets, called 

membraneless organelles, in order to tune biochemical reaction or shield specific proteins and RNAs from 

chemical stresses. Here, we mimic this process in a model system of polyethylene glycol (PEG) and bovine 

serum albumine (BSA) which spontaneously phase separate to form highly concentrated protein droplets [1]. 

We show that, like their cellular counterpart, our BSA droplets can partition enzymes to act as biochemical 

reactors [Fig. 1(a)] and that these reactions can lead to active motion by locally perturbing the chemical 

composition [Fig. 1(b)]. Using controlled chemical gradients, we identify the origin of the activity, discuss its 

physical origin and how to harness it to design micro biomachines.  

 

 

FIGURE 1. (a) Schematic of a phase separated active protein droplet. Left side: confocal microscopy images of droplets with 

labeled protein (BSA) and enzyme (LDH). Scale bar 50 um. (b) Tracer particle path, for a group of three active droplets 

catalyzing the degradation of urea. Scale bar 20 um. Figure adapted from [1]. 
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Active Brownian Particles (ABPs) are widely used to model the self-organized dynamics of scalar 

active matter systems [1]. In the vast majority of studies, ABPs are considered in the overdamped regime and 

under the assumption that their self-propulsion speed can be taken constant. In actual active systems, on the 

contrary, the individual self propulsion speed is generally a dynamical fluctuating quantity evolving on 

nontrivial timescales. Such active fluctuations are inherently multiplicative as they must, by design, carry 

independent contributions along and transversally to the particles self-propulsion direction. Despite a few 

studies characterising statistical properties of active fluctuations [1], little is known about how the latter can in 

turn affect the spatial organization of the system. 

Here, we introduce and study a model of active Brownian motion with multiplicative noise describing 

fluctuations in the self-propulsion or activity [2]. We find that the standard picture of density accumulation in 

slow regions is qualitatively modified by active fluctuations, as stationary density profiles are generally not 

determined only by the mean self-propulsion speed landscape. As a result, activity gradients generically 

correlate the particle self-propulsion speed and orientation, leading to emergent polarization at interfaces 

pointing either towards dense or dilute regions depending on the amount of noise in the system. We discuss 

how these features affect the onset of motility induced phase separation [3]. Our work provides a foundation 

for systematic studies of active matter self-organization in the presence of activity landscapes and active 

fluctuations. 
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Biological cells generate intricate structures by sculpting their membrane from within to actively sense 

and respond to external stimuli or to explore their environment [1]. Several pathogenic bacteria also provide 

examples of how localized forces strongly deform cell membranes from inside, leading to the invasion of 

neighboring healthy mammalian cells. Giant unilamellar vesicles have been successfully used as a minimal 

model system with which to mimic biological cells [2], but the realization of a minimal system with localized 

active internal forces that can strongly deform lipid membranes from within and lead to dramatic shape changes 

remains challenging. Artificial soft matter systems, which mimic various features of biological systems, can 

help us understand an abundance of complex cellular phenomena. One of the central questions in synthetic 

biology is whether such soft artificial systems with highly localized forces, mimicking biological cells can be 

engineered. Here, we present a minimal experimental model system consisting of self-propelled Janus particles 

in giant unilamellar lipid vesicles to study certain features of cellular shape transformations driven by highly 

localized forces [3]. We demonstrate that the propulsion force of a single particle as small as ~ 0.1 pN is already 

strong enough to induce a plethora of vesicle shapes and fluctuations. Our combined experimental and 

simulation study reveals the existence of a plethora of novel vesicle shapes, which do not exist in equilibrium 

systems. Figure 1 shows the formation of tether-like protrusions and highly branched, dendritic structures at 

low and moderate particle loadings. At high volume fractions of active particles, globally deformed vesicle 

shapes such as bola shape are generally observed, resulting even in vesicle division in some cases.  Our results 

pave the way to a better understanding of the interplay between active local forces and cell shapes. 
 

 
FIGURE 1. State diagram that illustrates various membrane structures. 
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Proteins, the amazing molecular machines of life, are complex with myriad degrees of freedom. Linus 

Pauling launched the field of molecular biology by developing the principles of quantum chemistry and 

applying them to predict the structures of the modular building blocks, helices and strands assembled into 

sheets, of protein structures. Now, seventy years later, we present a first principles prediction of these same 

geometries with no chemistry and thence no hydrogen bonding, and no adjustable parameters. Our predictions 

arise from just one constructive hypothesis that the dominant folding mechanism of a protein is the drive to 

maximize its self-interaction, thereby attaining a space-filling folded state. One of our results is that 

discreteness, which underpins quantum mechanics, is also essential for life. Our results are in good accord with 

experimental data on more than four thousand protein structures and they underscore the consilience in the fit 

of chemistry and biology to the dictates of mathematics and physics. Our work has consequences for the energy 

landscape of proteins and the role of evolution in shaping sequences and functionalities. 
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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. 

 

 
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.  

 

References 

[1] G. Zhuang, Z. Zhang, Applied Clay Science, 2019, 177, 63-81. 

[2] J. Bonnet, G. Suissa, Soft Matter, 2015, 11, 2308-2312. 

[3] J. Catalan, J. Phys. Chem. B, 2009, 113, 5951-5960. 

 

 

 



ORAL PRESENTATIONS 

53 

 

Effect of adhesive interaction on strain stiffening and dissipation in granular gels 

undergoing yielding 

 

Sebanti Chattopadhyaya, Sharadhi Nagarajaa,b and Sayantan Majumdara 

 
aDepartment of Soft Condensed Matter, Raman Research Institute, Bengaluru 560080, India 

bDepartment of Physics and Materials Science, Université du Luxembourg, L-1511 Luxembourg 

 

 

Shear induced yielding in disordered solids, characterized by irreversibility and enhanced dissipation, is 

important for a wide range of industrial and geological processes. Although such phenomena in thermal 

systems have been extensively studied, they remain poorly understood for granular solids. Here, using 

oscillatory shear rheology we study energy dissipation in a disordered solid formed by dense granular 

suspensions of adhesive frictional particles. We find non-linear flow regimes showing intra-cycle strain 

stiffening and plasticity that strongly depend on both the applied strain amplitude and particle volume fraction, 

which can be captured by the normalized energy dissipation. Furthermore, in-situ optical imaging reveals 

irreversible particle rearrangements correlating with the spatio-temporal fluctuations in local velocity across 

the yielding transition. By directly measuring the critical jamming packing fraction using particle settling 

experiments, we propose a phase diagram that unravels the effect of inter-particle interactions on flow 

properties of the system for a large parameter space. 
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Phase separation is a ubiquitous process and finds applications in a variety of biological, organic and 

inorganic systems. This fascinating physical process occurs across a huge range of lengths scales, and it has 

been exploited by both natural evolution and human ingenuity for centuries [1,2]. In particular, arresting the 

microstructures formed during phase separation has received a lot of attention in the recent years [3], as such 

micro-domains play a crucial role in the cell functioning –e.g. membranelles organelles – and in the production 

of functional materials, such as porous structures. Recent studies have explored the impact of elasticity in the 

arrest of droplets condensing in a polymer network – analogous to those present in the cytoskeleton–, and found 

that elasticity can suppress phase separation and even drive a new type of ripening know as elastic ripening 

[4,5]. 

In this work, we further develop the system in [5], and demonstrate control over the arrest of spinodal 

decomposition processes at the microscale. Our simple yet powerful method, consists of a highly swollen 

silicone network at high temperatures, which is then cooled down to trigger phase separation. Crucially, the 

final length scale and stability of our phase separated structures are highly dependent on the elasticity of the 

polymer network, and decreases with increasing elasticity. We also unveil the phase diagram of system, and 

find that highly elastic samples modify the phase boundary of the system, such that demixing is favored via 

spinodal decomposition over nucleation and growth. Finally, we polymerize the arrested spinodal structures to 

make them permanent and demonstrate their potential for structural color applications [6]. 
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Magnetic nanogels (MNG) -- soft colloids made of polymer matrix with embedded in them magnetic 

nanoparticles (MNPs) -- are promising magneto-controllable drug carriers. In order to develop this potential, 

one needs to study MNG's behavior in various microfluidic systems, one of which can be modelled as a channel 

with a shear flow. At the same time, MNG motion can be governed by an external magnetic field, alongside 

with other factors, such as temperature, quality of the solvent or gels morphology. The latter is usually 

controlled by spatial distribution of crosslinkers in the gels polymer matrix. Thus, a clear understanding of the 

interplay between magnetic, morphologic and hydrodynamic influence on MNGs dynamics will be an essential 

step to facilitate their usage in targeted drug delivery [1]. 

Considering the size of the MNG and typical time and velocity scales involved in their nanofluidics, 

experimental characterisation of the system is challenging. In this work, we perform molecular dynamics (MD) 

simulations combined with the Lattice-Boltzmann (LB) scheme [2] aiming at describing the impact of the shear 

rate and applied magnetic field on the shape, magnetic structure and motion of an MNG with a given 

morphology: uniform [3], with shifted centre of 

mass, with Gaussian distribution from the centre 

to periphery and reverse. An example of a 

simulated system with the shifted center of mass 

is shown in Fig. 1, where the polymer matrix is 

not visualized for clarity. 

We investigate in detail how the 

distribution of crosslinkers affects the behavior of 

the nanogel under the combined influence of the 

flow and applied magnetic field. Not only we 

follow the shape changes of various MNGs and 

their tumbling, but we also elucidate MNGs 

magnetization dynamics. We classify the 

controllability of various MNG architectures and 

their cargo properties.   

 

 
FIGURE 1: Simulation snapshot of an MNGs with shifted 

center of crosslinking in shear flow under and external 

magnetic field; arrows are MNPs and crosslinking bonds are 

represented by sticks. 
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At sufficiently low ionic strengths (below 1 mM Tris/HCl buffer), long and thin, highly charged 

colloidal rods (fd-virus particles) exhibit various chiral-mesophases and rod-glasses, consisting of different 

orientations of chiral-nematic domains and helical domains, above the nematic-isotropic coexistence 

concentration [1,2]. In addition, a glass transition has been observed, where the particle dynamics within 

nematic domains as well as the dynamics of the domain texture are dynamically arrested at the same glass-

transition concentration [3-5]. Such a glass transition only occurs for sufficiently low ionic strengths, and is 

therefore attributed to caging of particles due to relatively long-ranged electrostatic interactions. After a short 

discussion of low ionic strength equilibriums of charged DNA-Rods (fd) in suspension, experiments on the 

bulk response of such rod-glasses of charged DNA-rods to shear flow will be presented. Depending on the 

applied shear rate, various inhomogeneous flow profiles are observed, where the flow velocity varies along the 

gradient direction and/or the vorticity direction. Fracture and plug flow as observed at low shear rates, gradient-

shear-banding at intermediate shear rates, and a linear profile at sufficiently high shear rates [6]. There is a 

shear rate-rate range where these flow profiles coexist with Taylor vorticity bands [6-8]. Plug flow is most 

probably due to the brittle nature of the sample, consisting of elastic glassy nematic domains. The mechanism 

for gradient-shear-banding in these systems with a soft, long-ranged repulsive inter-particle potential, is shown 

to be due to the classic gradient-banding scenario related to strong shear-thinning behaviour [7]. There is a 

subtle interplay between the stress originating from inter-particle interactions within the domains and the 

texture stress due to inter-domain interactions [7].  
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Fudge is a candy made from crystallized sugar produced by cooking sugar, milk and butter. Cooking fudge 

does not require many steps, but it demands precision and attention to detail. A good fudge is firm to the point it 

holds its shape, but soft enough to melt in the mouth when you take a bite.  

For a sucrose-water mixture it is well documented that the rise in boiling temperature is an exact function 

of the amount of sugar in the solution. Therefore, the candy industry controls moisture content through temperature 

to ensure increased sugar solubility, and reduction of moisture content to the desired value.  

We cooked a minimal fudge recipe using the bespoke apparatus described in [1]. Several batches were 

prepared by heating the mixtures up to temperatures between 112 and 120°C. The mixtures were then cooled and 

beaten until a thick and creamy consistency was achieved. After 1 day, the samples were subjected to shear and 

compression experiments.  

Our results show that undercooked fudge shows ductile behaviour, steadily deforming under compression, 

Fig. 1. Fudge cooked to the higher temperatures behaves as brittle: there is a linear increase, which peaks, followed 

by a decrease, related with the sample fracturing. While the ductile to brittle transition (DBT) is properly 

documented for a large range of materials, there has been little or no investigation to date on this phenomenon in 

particulate suspensions. The differences in behaviour observed from undercooked to properly cooked fudge is a 

great example of a ductile to brittle transition, driven by the crossing of the frictional jamming point of a sucrose 

crystal suspension due to gradual loss of water with the increase in cooking temperature.  

 
FIGURE 1. Force-distance compression curves for fudge samples cooked up to different temperatures. 
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 In my talk, I would speak about a specific cationic polymer, Polyethyleneimine (PEI), well known for 

its gene transfection studies. Generally, PEI is complexed with oppositely charged molecules to derive 

polyplexes to be used for various drug delivery applications. The release mechanism of these molecules from 

the polyplexes is highly dependent on the pH of the surroundings. pH can modulate the charge and the 

conformation of PEI chains,1 leading to changes in its transfection efficiency. The effect of pH on the 

polyplexes has not been well understood, moreover, not even for pure PEI chains in aqueous solutions.  Our 

initial experimental observations suggest that at pH values between 2.5 to 4, neat PEI chains in explicit water 

undergo a completely unprecedented and never observed before kind of self-assembly process.2 The self-

assembly is extremely slow, irreversible, and occurs under quiescent conditions to form a 3-D fibrillar network 

comprising hollow fibrils. The transition of PEI {≈ O (nm)} chains into micron-sized fibrillar network follows 

coalescence of smaller PEI chains to form ≈ 100-200 nm spheroidal aggregates accompanied with 

conformational/ morphological transitions into anisotropic rod-like aggregates which assemble end-to-end to 

form a network structure.  My lecture will mainly focus on our experimental results; however, some PMF 

calculations based on MD simulations will also be shown to support the experimental findings. We believe that 

our work will initiate to seek more understanding in the gene delivery through hyperbranched PEI-based 

polyplexes that occur under low pH conditions. 

 

 
 

FIGURE 1. Branched PEI chains (~ nm in size) self assemble at pH 2.5-4 to form micron sized structures which resemble tubular 

morphology. 
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An achiral nematic liquid in a microfluidic cell could be expected to form achiral structures in a 

pressure-driven flow. Surprisingly, we find the spontaneous emergence of chiral structures when an achiral 

lyotropic chromonic liquid crystal in the nematic phase relaxes from a high velocity flow to a steady-state 

lower velocity flow. The chirality results from a periodic double-twist deformation of the liquid crystal and 

leads to striking stripe patterns vertical to the flow direction, as shown in Figure 1. We show that the double-

twist deformation is triggered at regions of biaxial-splay deformations that become unstable. The transition 

from these biaxial-splay deformations to the double-twist deformations can be rationalized by the low Frank 

elastic energy stored in double-twist deformations compared to that stored in biaxial-splay deformations. We 

demonstrate that the period of the chiral structures can be tuned by the local flow velocity and is set by the 

competition between the bend elastic torque and the viscous torque acting on the structures. 

 

 
 

FIGURE 1. Chiral periodic double-twist structure that spontaneously forms in pressure-driven lyotropic  

chromonic liquid crystals 
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Viscoelastic properties (elastic and viscous modulus, viscosity) of polyallylamine (PAH) based aqueous 

solutions were measured at 20 °C using Anton Paar MCR 302 rheometer. Several solutions differing in 

concentrations, in acids (HF, HCl, HBr, HI, HClO4, HNO3, CH3COOH, CF3COOH) used in PAH 

neutralisation, as well as in degrees of neutralisation were prepared and rheologically characterised during this 

study.  

For majority of neutralised PAH solutions viscosity was increasing rather regularly with increasing 

degree of neutralization up to 100 % neutralisation of PAH. Considering weakly basic character of PAH such 

a behaviour was expected and can be primarily explained by the change of the random coil-like to extended 

coil conformation of the polymer chain. Clear exemptions in this case were solutions where PAH was only 

partially neutralised with HI or HClO4 – here viscosity of these solutions was lowered when compared to 

viscosity of non-neutralised PAH. Ordering of the effect of the kind of the counterion on the viscosity of 

solutions is very similar to the one observed when solutions of PAH-salts were mixed with solutions of simple 

salts and enthalpies of mixing were obtained. The specific influence of counterions to properties of these 

solutions seems to be correlated with Hofmester series and viscosity B-coefficients of counterions. The effect 

of diminishing viscosities upon addition of surplus of strong acids to fully neutralised PAH solutions was 

expected and may be explained by the screening of electrostatic forces within the solution.  

Additional characterisation of PAH-based solutions (SAXS mesurements, simulations of molecular 

dynamics) are planned to understand this system better. 

 

FIGURE 1. Viscosity of PAH solutions each having concentration of repeating units equal to 1 mol/dm3 as a function of the kind 

of the counterion and of the degree of neutralisation. Measurements were carried out using shear stress of 1 Pa at 20 °C.  
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Solitary waves are self-driven wave pockets that steadily propagate in the system without changing their shape 

and rarely are observed in mechanical metamaterials [1,2]. We discover unusual shear-driven solitary 

transitions in metamaterials designed by a network of bistable unit-cells. We show that the structural 

characteristic of our system results in emergence of topological kinks and antikinks in the pre-compressed 

structure. The kinks travel in the system under a shear deformation while altering the phase of the structure 

(FIGURE 1). Depending on the direction and the amount of shear deformation, the phase of the structure 

changes differently via kinks anti-kinks transformation, creation, or annihilation in the system. The kink/anti-

kink transformation occurs by snapping the unit-cells which leads to oscillatory shear and normal force 

responses [3] and a programmable dissipation in the system. We show that the unit-cells of our structure can 

act as bistable hysteretic elements that exhibit complex tunable transition pathways under cyclic shear 

deformations, leading to return point violation and a flexible memory effect in the system. 

 

 
FIGURE 1. A cylindrical metamaterial with different structural phases separated by a transitional kink (middle). 

Kink travels upward under clockwise torsion (right) and downward under counterclockwise torsion (left). 
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Block copolymers phase separate into different morphologies depending on their architecture and monomer 

incompatibility. Phase separation give rise to a wide variety of periodic as well as aperiodic structures. In 2D, 

phase separation is analogous to tilings. Also, dodecagonal quasicrystalline tilings were observed in ABC star 

block copolymer [1]. Phase separation in block copolymers is studied using three main theoretical frameworks: 

Weak Segregation Theory (WST), Self-Consistent Field Theory (SCFT) and Strong Segregation Theory (SST). 

In SST stable state of a given morphology is determined from stretching free energy of the polymer chain and 

interfacial free energy [2, 3]. In our work we use SST to analyse stability of differernt morphologies found in 

phase separated ABC star block copolymers. Our aim is to develop a geometrical framework using SST that 

can incorporate both periodic tilings and periodic approximants of aperiodic tilings and develop the phase space 

for ABC star block copolymers. The aim is to make experimentally valid predictions of which polymer 

architectures could lead to stable two- and three-dimensional quasicrystals or other structures. 

 

 
FIGURE 1. Strong segregation model for periodic 3.3.4.3.4 morphology for (A, B, C) composition (0.55, 0.37, 

0.08) where red, blue and yellow are A, B and C respectively. Initial state on the left minimises to reach the 

meta-stable state on right. 
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Double water-in-oil-in-water (W/O/W) emulsions are aqueous droplet(s) embedded within oil droplets 

dispersed in a continuous water phase. They are exploited in many applications from cosmetic to food science 

as both hydrosoluble and liposoluble cargos can be encapsulated within. Here, we describe a general and simple 

one-step method based on hydrophilic polymers dispersed in polar oil to generate osmose-induced diffusion of 

water into oil droplets, eventually leading to the formation of aqueous droplets within the oil ones. First, a 

hydrophilic polymer P1 (like PEG or polyvinyl pyrrolidone) is successfully dispersed in octanol (O) (or in 

other polar oils). Then, after dispersion within an aqueous solution containing a second polymer P2 (like PVA), 

a W1/O/W2 double emulsion is spontaneously obtained, with a single inner aqueous droplet (W1) enriched 

with P1, while the outer aqueous phase (W2) contains P2. Experiments at the scale of a single octanol (O) 

drops allows us to evidence the diffusion of water, and to investigate the mechanisms leading to the creation 

of aqueous drops in oil. We then report how the stability and rheology of the final double emulsions depend 

on the phase fractions and polymers concentrations. We finally show that a further dispersion of hydrosoluble 

dye or protein in the oil phase (O) allow their encapsulation within the internal W1 aqueous droplet. We also 

demonstrate that the production of high internal phase double emulsions (double HIPE) can be achieved, as 

well as a pH-induced transition from multiple to single core double emulsion. 

 
 

FIGURE 1. Single-core double emulsion spontaneously produced in bulk thanks to polymer-mediated 

water diffusion in the oil droplets. 
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 Hybrid vesicles that blend natural phospholipids with synthetic block copolymers within their 

membranes have attracted interest due to their potential benefits as functional compartments in the 

development of nanomedicines, biosensors and artificial cells. The lipids are proposed to add intrinsic 

biocompatibility, for example for the additional biofunctionalisation of the membrane, while the polymer can 

provide enhanced mechanical robustness, among other possible enhanced features. The incorporation of 

membrane proteins within hybrid vesicles has already demonstrated several advantages to taking this approach. 

Membrane enzymes have been shown to have up to an order of magnitude enhancement in their functional 

durability when compared to regular proteoliposomes [1]. Hybrid vesicles have also been shown to enable 

detergent-free approaches to membrane protein reconstitution within vesicles due to the enhanced membrane 

elasticity and reduced interfacial tension these molecules must overcome to insert [2,3]. The nanoscale structure 

of the membrane environment is however important for optimal membrane protein function and this has yet to 

be characterised in detail. 

Here we present a combined small angle x-ray scattering (SAXS) and electron microscopy study of the 

membrane structure of hybrid vesicles composed of the phospholipid POPC and a polybutadiene-block-

polyethyelene oxide diblock copolymer. Cryo-electron tomography (cryo-ET) images are used to inform 

models for SAXS data fitting. Electron density profiles from these two techniques are compared, where higher 

resolution single particle analysis (SPA) electron microscopy resolves discrepencies between these two 

techniques. While the polymer and lipid species are well mixed within vesicles, two distinct populations of 

membrane structure are observed in hybrid vesicles, demonstrating a bistability between thin lipid-like 

membrane structures and thicker, partially interdigitated polymer-like membranes. Our approach presents a 

powerful combination of analytical methods to uncover detailed structural insights into complex vesicle 

membrane formulations. 
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 Soft materials are used ubiquitously in experimental fields ranging from microfluidics to granular 

matter to metamaterials. In many cases, these experiments are sensitive to stray electric fields caused by surface 

charge. Soft materials are unique for their ability to gain and retain surface charge from contact electrification 

(CE), due their high elastic compliance.  Even so, the mechanism of CE, especially with disordered soft 

materials, remains poorly understood [1, 2]. 

A powerful tool for studying contact electrification is Kelvin Probe Force Microscopy (KPFM), where 

electrical signals from an AFM tip allow one to spatially map a voltage above a surface that is caused by the 

presence of charge [3]. However, a fundamental challenge from KPFM is to convert the voltage map to a 

surface charge density map.  Without a method to convert voltage to charge, the signal from KPFM remains 

qualitative.  

We have developed a method to convert KPFM voltage maps to surface charge density maps [4]. Due 

to superposition, the measured KPFM voltage at any location is the summed contribution from the charge-point  

KPFM voltage of each carrier on the surface. We take advantage of this and do finite element simulations to 

determine the Green’s function for the tip-sample-ground system. Using this as a kernel, we deconvolve the 

KPFM map and extract the charge distribution. We test our approach by creating artificial charge maps, 

generating KPFM data from these, and then using our algorithm to recover the known input. We find that 

simulating the whole AFM tip and cantilever is necessary to obtain high-fidelity copies of the original input. 

Moving forward, we are using this approach to precisely extract surface charge densities from experimental 

data of charge transfer with soft materials. 

 
FIGURE 1. Recovery of surface charge density from simulated KPFM data.  Left: input image of surface charge density pattern.  

Middle: Generated KPFM voltage map as would be measured in experiment.  Right: Recovered charge density from 

deconvoving KPFM map with system Green’s function. 
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Cellulose, the most abundant polymer on earth as a major plant component, is a linear polysaccharide 

with β-1,4-linked D-glucopyranose units. It can be obtained from various natural sources and possess multiple 

functional groups, which allow for easy further modification. Because of the large surface area, high aspect 

ratio, high Young's modulus, low cost, light weight, abundance, renewability, and biodegradability, cellulose 

nanoparticles of various sizes and shapes have been applied as multifunctional agents in multiple fields 

(composites, package films, biomedical materials, hydrogels, aerogels, magnetic nanorods, or 

supercapacitors).1 Importantly, pure cellulose NPs have been extensively investigated in widely understood 

water treatment. Various modifications of cellulose can improve the adsorption capacity from aqueous 

solutions. Since the change in the nature of the adsorbent changes in the possible adsorption process of a given 

material is dependent on, i.a., its functionalization and size, the functionalization of cellulose with ionic liquids 

can cause several new properties while maintaining the advantages of both materials. The use of ionic liquids 

in various processes is often associated with their advantage over existing methods. Still, there are several 

drawbacks: high viscosity of all ILs (slow mass transport), or price, which can be avoided using the supported 

ionic liquids phase (SILP).2 SILP refers to ionic liquids immobilized on various carrier types (e.g., silica, 

magnetic nanoparticles, etc.).3 The premise for using SILP as sorbents is primarily their affinity for the 

appropriate impurity (compound/material). This work aimed to obtain ionic liquids supported on nanocellulose 

fibers, characterize the obtained material, and determine its sorption properties. The substrate was quaternized 

in two ways: glycidyltrimethylammonium chloride and, successively, 3-chloropropyltrimethoxysilane and 1-

methylimidazole. The obtained chlorides immobilized on the nanocellulose surface were subjected to ion 

exchange with the appropriate anions. All materials have been characterized in terms of their structure, 

morphology, and physicochemical properties. Moreover, past and present in water purification via ionic liquids 

will be shortly presented. 
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 Imaging of intracellular compartments, cells, and tissues enables more accurate diagnosis and treatment 

of disease. Therefore, nanomaterials-based imaging agents are attractive candidates for a diverse range of 

imaging modalities and combined imaging–therapy applications. Moreover, the need to increase the efficiency 

of bioimaging probes for magnetic resonance or fluorescence bioimaging and simultaneously reducing the 

possible toxic effect on living organisms causes that such new substances are still of high interest. 

One of such systems, presented in this study, is based on lipid-liquid nanoparticles (LLCNPs). They are 

an intriguing group of liquid crystalline nanoparticles with two nonintersecting water channels. Due to 

properties such as a high surface area to volume ratio, presence of both hydrophilic and hydrophobic regions, 

and biocompatibility, the LLCNPs might exhibit great potential in fluorescence and magnetic resonance 

bioimaging as contrast agents (CAs) carriers [1, 2]. 

Here, the glyceryl monooleate (GMO)-based LLCNPs were prepared by the top-down ultrasonication 

method. In order to obtain optical and MRI (magnetic resonance imaging) nanoprobes, two types of systems 

were prepared: (1) LLCNPs hybrids with incorporated CuInZnxS2+x (ZCIS) quantum dots and (2) LLCNPs 

loaded with manganese oxide nanoparticles (LLCNPs@MNO NPs). The structure analysis and the physico-

chemical characterization of hybrid nanomaterials were performed, including cryo-TEM, DLS, zeta potential 

measurements, and MR imaging. Then, a detailed analysis of their cyto- and genotoxicity effect on mammalian 

cells, as well as assessing the metabolic activity and cytoskeleton integrity were analyzed. Additionally, the 

cellular uptake was investigated by both confocal and transmission electron microscopes, including the 

mechanism of internalization analysis.  

The results show the good contrasting properties of lipid-liquid crystalline nanoparticles hybrids and 

demonstrate that such nanoscale carriers might serve as novel bio-safe imaging agents.  
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Direct manipulation of objects in a solution can provide opportunities to investigate material properties 

and construct microscopic devices. However, currently available methods, such as optical tweezers[1] and 

thermal tweezers[2], have several limitations especially to control the orientation and alignment of particles near 

surfaces. Here, we experimentally demonstrate that by exploiting the critical Casimir effect, emerging in the 

presence of a critical binary liquid[3], microparticles (diameter d≈2µm) can be trapped with nanometer 

precision. We investigated the motion of SiO2 microscopic disks above nanopatterned surfaces coated with a 

thin gold film immersed inside a critical mixture. By adjusting the adsorption preference of the gold film to 

one of the two components of the mixture liquid, we can finely tune the balance between the critical Casimir 

repulsion and attraction generated between different regions of the substrate and the disk. In this way, we can 

control the configuration of the disk and make it perform some complex motion. Furthermore, we show how 

this approach can be used to align particles with patterns, e.g., to sort asymmetric particles with respect to their 

chirality. We foresee this method can be extended to control the movement of small objects of various materials, 

thereby severing as a platform to study microscale physical and chemical phenomena. 

 

 
Figure 1. Trapping of disk and spherical particles on nano-patterned surfaces. 
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Rub a glass rod and some rabbit’s fur, and they will exchange electrical charge—this is known as contact 

electrification. Although it occurs ubiquitously and is widely studied, we still don’t know how it works [1].  It’s 

easy to argue why charge exchange is possible with different materials—any number of parameters (e.g. 

electron affinity, hydrophobicity, acidity/basicity) could break symmetry to drive transfer. Yet there is a little-

known but perfectly reproducible fact that makes contact electrification even more perplexing:  even identical 

materials, when contacted together, still exchange electrical charge.  

In this talk, I will discuss how CE can still occur with identical materials.  Our work is movitated by 

experiments with contacting PDMS surfaces, where a model was proposed involving spatial heterogeneity of 

some unknown charge driving parameter [2]. While surfaces are macroscopically identical, microscopic 

differences still exist, leading to a stochastic mechanism for same-material CE. This model correctly predicts 

that the scale of charge transfer grows with the square root of the contacting area. However, to reconcile it with 

experimental data, the size of individual donors/acceptors must be 1/100th the size of a hydrogen atom—a 

physical impossibility. 

To resolve this conundrum, we propose that charge donors/acceptors come in correlated patches [4].  

By accounting for the mesoscale spatial correlations of these patches, we develop a scale-spanning model for 

same-material tribocharging. With our model we are able to make sense of several inconsistencies in the 

literature, including the impossibly small donors previously implied, thus shedding potential light on this 

perplexing phenomenon. 

 
FIGURE 1. (a) Charge transfer between two identical materials during contact may be caused by surface heterogeneity, i.e. 

localized charge donors and acceptors.  (b) In our model, we propose that charge donors and acceptors do not come individually, 

but instead of correlated patches of a characteristic size l.  With this idea, we resolve many puzzling issues in identical material 

contact electrification. 
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Biological joints have exceptional lubricating properties that outclass all man-made materials. In a high-

load, low-velocity configuration, our articular cartilage exhibits low friction and is protected from wear [1]. In 

this so-called boundary lubrication regime, it is well established that a stack of phospholipid layers adsorbed 

on the cartilage lubricates the system [1]. It is striking that, under shear, these phospholipid layers exhibit ultra-

low friction, thus violating Stribeck's theory [2]. This observation is often explained by the hydration 

lubrication mechanism, where energy dissipation occurs in the interfacial water layers [3]. Certainly, the 

shearing of confined lipids is not the result of a single mechanism, but rather a combination of hydration forces 

and electrostatic interactions between solvent, lipids, and substrate [4,5]. To elucidate the dissipation pathway, 

it is crucial to consider a simplified experimental model in which we can finely tune the layers structure and 

thermodynamic quantities. To this end, we have studied the relationship between the structure and tribological 

properties of DSPC and DPPS trilayers deposited on a glass substrate. We performed friction and 

characterization experiments (neutron reflectivity and ellipsometry) in a controlled environment, which 

allowed us to relate structural changes to tribological behavior. We report that a modulation of water thickness 

correlates with the change in frictional force. This result clearly indicates that the hydration level of the lipid 

heads directly influences friction. 

 

  
 

FIGURE 1. Boundary lubrication of joints: Diagram of a biological joint. The zoom inside the black 

thumbnail represents the cartilage surface before molecular contact and boundary shear. 

 

Experimental model: Trilayer deposited on a glass substrate. The shear and normal stress are produced 

with the spherical glass indenter, dw1 and dw2 represent the water layer thickness. A hermetic chamber is 

used to control relative humidity and temperature. 
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Objects that encounter repeated collisions, including powders and grains, can build up large amounts 

of electrical charge, influencing flow, increasing cohesion and causing electrostatic discharge. Why this occurs 

at all, especially with nominally identical materials, is still the subject of intense debate [1]. Observing charge 

exchange grain by grain, contact by contact, could provide essential details on the fundamental process that are 

otherwise lost when variables are averaged over many collisions and particles. We use an acoustic levitation 

technique [2] to measure the charge of a millimeter-sized particle down to only a few hundred elementary 

charges. Collisions can be provoked by bouncing the particle on a plate made of the same material. Through 

this technique, we investigate questions such as what is the role of humidity and adsorbed water in 

tribocharging, and put the theory that same-material charge transfer is driven by local fluctuations [3,4] to the 

test.  

 

 
 

FIGURE 1. Acoustically-levitated particle (UV-fused silica, D=500 µm). 
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Swimming microorganisms acquire information from the background fluid by sensing cues from the 

surrounding fluid and response accordingly in order to achieve biological objectives such as gravitaxis or 

chemotaxis. By combining deep reinforcement learning with direct numerical simulation of a fluid using a 

smoothed profile method, we investigate how local and global information can be used to train a squirmer to 

achieve tasks in a non-uniform hydrodynamic fluid. The trained squirmer shows the ability to achieve tasks, 

(i) furthest lateral migration across a zigzag shear flow gradient and (ii) furthest vertical migration 

perpendicular to the zigzag flow. In the case of global variables, the first task only requires the swimmer’s 

quaternion at a time in order to converge to the optimal policy while the second task requires additional cues, 

translation and rotational velocities. In nature some biological microorganisms can sense the local exerted 

hydrodynamic force and its alignment with gravity or the applied flow gradient. Inspired by this fact, we 

successfully train the swimmer using local variables and the converged policy shows the same level of 

optimality with the benchmark of using the global variables. Lastly, we compare the performances of the 

different modes of squirmer , i.e. pusher, puller, and neutral, using the local signals and found that the pusher 

outperforms the other modes. These shows the potential of applying deep reinforcement learning along with 

the direct numerical simulation to study swimming in complex fluids. 
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Artificial active swimmers are capable to perform nonequilibrium motion by utilizing the energy from 

their surroundings. Understanding the motion of these swimmers in complex surroundings, such as a dense 

bath of passive particulate matter, is essential for their successful utilization as cargo (drug) carriers and sensors 

or for medical imaging, under microscopic domains. We experimentally investigated the motion of active SiO2–

Pt Janus particles (JPs) in a two-dimensional bath of smaller silica tracers dispersed with varying areal 

densities. Our observations indicate that when an active JP undergoes a collision with an isolated tracer, their 

interaction can have a significant impact on the swimmer’s motion. However, the overall impact of tracers on 

the active JPs’ motion (translation and rotation) depends on the frequency of collisions and also on the nature 

of the collision, which is marked by the time-duration for which the particles maintain contact during the 

collisions. Further, in the high-density tracer bath, our experiments reveal that the motion of the active JP results 

in a novel organizational behaviour of the tracers on the trailing Pt (depletion of tracers) and the leading SiO2 

(accumulation of tracers) side. In laboratory frame the emergence and the subsequent vanishing of the depletion 

zone were observed. Further, in the absence of the tracer particles, the active JPs can also affect each other 

dynamics which we have observed by looking into the pair wise interactions. These interactions are defined on 

the basis of different types of collisions based on their orientation vector.  
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Colloidal systems exhibit phase behaviour equivalent to atoms and molecules yet can be directly imaged in real 

space with optical microscopy [1]. Recently, it has become possible to produce active colloids [2], and we have 

considered the intriguing question of how, in these systems, activity interplays with the interaction potential between the 

particles, producing a unique phase behaviour that cannot be captured by the self- propulsion or the potential alone.[3].  

We present an experimental study of the network formation of electrophoretic active Janus particles in three 

dimensions. These particles are characterized by the distinct dielectric properties of their two hemispheres; in an AC 

electric field, unbalanced electrophoretic flows produces active Brownian motion with a rich and complex phase 

behaviour [5].  

This system has been mostly confined to quasi- two-dimensional experiments [4]. Electrophoretic Janus particles 

have an irrotational dipole, and if gravity does not dominate over the dipole- dipole interaction, a quasi-two-dimensional 

active fluid or gas will form long strings in the direction of the field. On reducing the diameter of the particles (to suppress 

sedimentation), we observed that strings do indeed form. However, these are but the first point in a completely novel 

phase space.  

As the volume fraction is increased, the strings come together into two dimensional sheets, which eventually 

form a percolating 2d network or ‘labyrinth’. Where network formation occurs in this system it is mediated by the activity 

of the particles themselves, with the gel network decomposing when the field is turned off. Most intriguingly, the 

structure of this percolating gel is sensitive to the frequency of the applied field, giving another dimension to the phase 

space which can be tuned experimentally.  

The purpose of this work is to study the mechanism of this network formation, and to compare this with 

simulations and an equivalent passive system.[6][7]. If active systems are to be used in the design of functional materials, 

an understanding of their phase behaviour is paramount. The study of active gelation has implications in Biology; polar 

active gels of protein filaments contract in cells to produce movement [8]  
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Model systems of self-propelled particles reproduce many phenomena observed in laboratory active 

matter systems that defy our thermal equilibrium-based intuition. In particular, in stationary states of self-

propelled systems, it is recognized that velocities of different particles exhibit non-trivial equal-time 

correlations. Such correlations are absent in equivalent equilibrium systems. Recently, researchers found that 

in solid-like, ordered [1] and amorphous [2], systems of self-propelled particles the range of the velocity 

correlations increases with increasing persistence time of the self-propulsion and can extend over many particle 

diameters. Here [3] we demonstrate that the long-ranged velocity correlations are also present in dense fluid-

like systems. We show that the range of velocity correlations in dense systems of self-propelled particles is 

determined by the combination of the self-propulsion and the virial bulk modulus that originates from repulsive 

interparticle interactions. 

 
FIGURE 1. The longitudinal (filled red circles) and transverse (filled black circles) velocity correlation length. 

The longitudinal length grows approximately as square root of the persistence time (solid line is to guide the 

eye), while the transverse length is almost unchanged for a fixed v0. The open red circles result from the 

approximate theory. 
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 Engineering synthetic cells has a broad appeal, from understanding living cells to designing novel 

biosystems for therapeutics, sensing, and biological interfaces[1]. An elementary requirement to creating synthetic 

cells is a functional 3D confinement capable of orchestrating biochemical reactions and capable of communicating 

with the environment. While membranous vesicles like liposomes[2] and polymersomes[3] are widely used as cell-

mimicking containers , they have their own limitations regarding encapsulation, permeability, and stability. Here, 

we present an easy and robust technique to make cell-sized, porous containers crafted using the interactions between 

biomolecular condensates and actin cytoskeleton — and thus we coin the term actinosomes. Our unique approach 

uses membraneless polypeptide/nucleoside triphosphate (ATP and GTP) condensates, formed through the process 

of liquid-liquid phase separation, to sequester and localize actin monomers at their surface. By triggering actin 

polymerization leading to ATP hydrolysis, and using osmotic gradients, the condensates are structurally transformed 

into hollow containers with the boundary made up of actin filaments and polylysine polymers (Figure 1)[4]. We 

further characterized actinosome properties like surface topology, permeability and biomolecule encapsulation 

capicity. The biocompatible nature of the actinosome allowed us to conduct complicated biochemical reactions like 

protein expression by encapsulating a cell-free translation machinery. We believe that actinosomes is a handy 

addition to the synthetic cell platform, with appealing properties including ease of production, high sequestration 

capacity, selective permeability to small molecules and bioreactor. These properties of actinosome makes is a 

potential candidate for medical and biotechnological applications. 
 

FIGURE 1. Condensate-templated actinosome 

formation (a) A schematic demonstrating stepwise 

addition of reagents to produce actinosomes. (b) 

Top: A homogenous mixture of actin monomers and 

polylysine; middle: Addition of NTP mixture (GTP 

+ ATP) triggers coacervation, resulting in 

polylysine/NTP coacervates with actin localized on 

the surface. Bottom: Mg2+ triggers actin 

polymerization at the expense of ATP hydrolysis, 

ultimately resulting in coacervate dissolution and 

formation of a shell made up of actin filaments and 

polylysine. (c) Line graphs (corresponding to the 

dotted lines in panel b) showing surface localization 

of actin on the condensates with polylysine 

concentrated in the interior (top) and colocalization 

of the filamentous actin and polylysine in 

actinosomes (bottom). 
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 Encapsulated bacteria deform lipid vesicles into flagellated swimmers 
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Swimming bacterial pathogens can penetrate and shape the membrane of their host cells. We study and 

artificial model of this kind comprising motile Escherichia coli enclosed inside giant lipid vesicles. Forces 

exerted by the bacteria on the inner side of the membrane are sufficient to extrude thin membrane tubes filled 

with one or several bacteria. We show that a physical coupling between the membrane tube and the flagella of 

the enclosed cells transforms the tube into an effective helical flagellum turning the initially passive vesicle 

into a swimmer. We develop a simple theoretical model to estimate the propulsive force from the speed of the 

vesicles, and demonstrate the good efficiency of this coupling mechanism. Together, these results point to novel 

design principles for conferring motility to synthetic cells. 
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Phase separation and the cytoskeleon 
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Membraneless organelles have gained much attention in recent years, due to their formation through 

relatively simple physical mechanisms. These liquid-like condensates are a fast and reversible way for cells to 

concentrate and sequester components such as proteins and RNA. Although normally described as forming 

through liquid-liquid phase separation, this simple model fails to account for the dense and active environment 

of the cell interior. The formation and behavior of droplets inside networks can be vastly different than that 

inside a liquid, as has been shown in synthetic polymer systems1, and in the chromatin of the nucleus2.  

We study the interaction of biological droplets with cytoskeletal components, to further elucidate how 

the presence of these protein networks affects the function of membraneless organelles in the cell cytosol. 

Recently we have shown that inside a living cell, free tubulin dimers are weakly attracted to the surface of 

stress granules. This attraction is strengthened when the tubulin is polymerized, and thus sufficient to 

significantly perturb the microtubule network3. Here we use simple in vitro systems to further probe the 

interactions between biocondensates and fibers of the cytoskeleton. By varying condensate properties, we tune 

the affinity of surrounding proteins for the droplet and its surface. These affinities are controlled by general 

principles and not dominated by specific interactions. They lead to adhesive forces that are strong enough to 

bend stiff microtubules and actin fibers. This suggests that in the cell, these interactions may be sufficiently 

robust to play a significant role in the regulation of both phase separation processes and the cytoskeleton.  
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Biofilms are aggregates of microorganisms in which cells are embedded in a self-secreted matrix of extracellular 

polymeric substances (EPS) and are adherent to each other and/or to a surface [1]. The composition of the matrix 

can vary greatly depending on the microorganisms present and the environmental conditions. However, its functions 

are universal: the matrix forms the scaffold of the biofilm structure, is responsible for adhesion to surfaces and 

internal cohesion, keeps the cells in close proximity, thus favoring interactions, and protects the microbial 

community from chemical and mechanical insults. Despite its importance, the matrix – “the dark matter of biofilms” 

[2]– remains the least understood component of biofilms.  

Our work aims to understand how the material properties of the biofilm matrix determine biofilm morphology and 

mechanical properties. We present examples of biofilms grown in different environmental conditions, ranging from 

the air-solid interface of agar plates [3,4] to surfaces exposed to fluid flow [4,5] and porous media [6–9], and by 

different bacterial species. In each case, we show that the interplay between biology-driven forces, i.e., growth, and 

physics-driven ones, i.e., surface adhesion, osmotic pressure, and shear stress, controls biofilm morphology, 

rheology, and, ultimately, affects the physiological protective function of biofilms. By shedding light on this 

interplay, we can control biofilm development, showing the prominent role soft matter physics can play in 

developing novel antimicrobial and antifouling strategies.  
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Membrane crossflow filtration is widely used for the enrichment and purification of colloidal and 

protein dispersions. In this pressure-driven process, a feed dispersion is steadily pumped through a channel 

consisting of solvent-permeable membrane walls. The applied transmembrane pressure (TMP) causes 

advection of the dispersion toward the membrane, and formation of a particle-enriched diffuse layer near its 

surface. This so-called concentration polarization (CP) layer increases the osmotic particle pressure 

counteracting the TMP. When the particle concentration reaches a solidification limit, an immobilized 

particulate layer, termed cake layer, is formed next to the membrane surface. The cake layer adds to the 

hydraulic membrane resistance and lowers thus the filtration efficiency. A key problem is to understand 

quantitatively how cake formation is related to filtration operating conditions, and o dispersion and membrane 

properties.  

In this study, we theoretically analyze how permeate flux and cake layer formation are influenced by 

the size, charge and feed concentration of dispersed particles [1]. We consider dispersions of neutral and 

charge-stabilized colloidal particles. Under conditions where shearinduced migration matters, empirical 

expressions for shear-rate dependent transport properties are used. Our results for concentration and flow 

profiles under filtration are obtained using a recently developed modified boundary layer approximation 

(mBLA) method [2, 3]. The mBLA is a numerically efficient and accurate method for predicting filtration 

properties. A thorough dicussion of the so-called critical permeate flux related to the onset of cake layer 

formation is presented. Moreover, an analytic expression for the critical flux is derived and compared with 

standard predictions by film theory and mass transfer coefficient calculations. 

 
FIGURE 1. Left: Cross-flow membrane filtration with the dispersion transported from pipe inlet to outlet. 

Right: Concentration-polarization (CP) and cake (fouling) layers formed at the membrane during filtration. 
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Pressure-driven membrane technologies, such as microfiltration, ultrafiltration, nanofiltration and reverse 

osmosis, have proven their effectiveness in a broad range of water treatment applications [1]. Hydrogels, which are 

networks of polymer chains in water, have been the subject of recent work in the context of filtration [2]. For 

example, thin coatings of hydrogels (<100 nm thick) deposited on classical filtration membranes allow to increase 

the hydrophilicity of the membranes and to decrease their fouling by hydrophobic proteins [3]. An important 

remaining challenge is to control the selectivity and permeability of the hydrogels.  

We have developed a series of hydrogels of controlled permeability obtained by a simple and robust method. 

We photopolymerize poly (ethylene glycol) diacrylate, (PEGDA) under UV light in the presence of non-

crosslinkable PEG free chains. The advantage of the PEGDA matrix is that it is hydrophilic and rigid which allows 

it to resist relatively well to pressure. The resulting hydrogels are turbid, which suggest that a phase separation 

between the PEGDA matrix and the PEG chains occurs. Moreover, CryoSEM experiments show that pores of sizes 

ranging between 200 and 500 nm appear in the hydrogels.  

The permeability of the resulting hydrogels, measured by a simple filtration experiment (Figure 1), varies over 

several orders of magnitude as we vary the PEG concentration and molar mass (Figure 2). The permeability shows 

a maximum with PEG concentration, obtained for the overlapping concentration C* of the PEG chains. To account 

for this behavior, we suggest that the concentration of free PEG chains in the pores of the PEGDA matrix controls 

the permeability of the hydrogels. We suggest that at low PEG concentration pores are closed and that an open 

porosity is obtained around C*. Above C*, the concentration of PEG in the pores increases sharply which causes 

the permeability of the hydrogels to drop.  

In conclusion, this work has shown how to prepare hydrogels with variable permeability using PEG/PEGDA 

mixtures. Moreover, these model filtration experiments are an interesting technique to study the transport of flexible 

polymer chains through these hydrogels. This study opens new perspectives for the design of flexible hydrogel 

membranes with controlled permeability and their application in water treatment and bioseparation. 

 
FIGURE 1. Representative schematic of the filtration experiments using an ultrafiltration stirred cell. 

FIGURE 2. Variation of the water permeability as a function of the PEG concentration added to the hydrogel 

membrane with various molecular weight. 
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The soft colloidal lithography is a technique in which monolayers of microgels that self-assemble at 

liquid interfaces are deposited on solid substrates to act as lithography masks [1]. A complete understanding 

of their self-organization at interfaces is therefore vital. Nevertheless, the role of the electrostatic interactions 

on their self-assembly is still controversial [2]. In this work, we analyzed the self-assembly of microgel 

monolayers at water/air interfaces in the presence of NaCl and polyoxometalate Na3PW12O40 (POM) salts, by 

depositing them on silicon substrates and imaging the monolayers by AFM. The presence of POM decreased 

the nearest neighbour distance at significantly low concentrations of 10-5 M (see Fig. 1a). This distance did not 

change upon variations of the electrostatic charge of the microgels in the presence of the salts (see Fig. 1a), 

and the effect did not appear with NaCl at 10-1 M, hinting to a strong ionic specificity with POMs. We also 

expanded the soft colloidal lithography technique by using the microgel masks for the selective deposition of 

TiO2 nanoparticles. Depending on the electrostatic charges of the substrate, microgels, and TiO2 nanoparticles, 

we produced raspberry-like masks (see Fig. 1b) or avoided the deposition of the TiO2 nanoparticles on the 

microgels, which were then removed by plasma ashing (see Fig.1c). We characterized the diffuse reflectance 

of these coatings to find out if they can decrease the reflectivity and increase the amount of light that  

photovoltaic devices can harvest. 

 
FIGURE 1. a) Nearest neighbours distance at 5 mN/m (◦) and 20 mN/m (•), and electrophoretic mobility μe (■), 

vs POM concentration. b) AFM image of a raspberry-like soft lithography mask showing the hexagonally 

packed microgels on a silicon substrate after dipping in a TiO2 nanoparticle dispersion. c) TiO2 nanoparticles 

deposited between microgels by controlling the electrostatic interaction, after plasma ashing mask removal. 
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Pipette aspiration is a technique of choice for probing the mechanical properties of viscoelastic 

materials, including vesicles, emulsions and cells. The advantage of this technique over others is that the system 

can be observed during the measurement. It is applicable from microscopic to macroscopic objects, from cells 

to tissues, and allows the study of interesting phenomena that may occur when forces are applied. [1,2]  

However, the suction pressure varies by several orders of magnitude, from the suction of rigid 

elastomers to that of ultrasoft jelly particles. The device classically based on the hydrostatic pressure difference 

between a micropipette and a water tank is replaced by a piezoelectric pressure controller. This new device has 

many advantages such as the ability to apply a wide range of pressure (+100 kPa to -100 kPa) while having a 

good resolution (1 Pa), the possibility to quickly change the pressure with an easy-to-use software and the 

ability to apply oscillating pressures.  

With this powerful technique, we are able to study a wide variety of viscoelastic systems. For example, 

we have measured Young's modulus of gels from 100 Pa to 3 MPa and the interfacial tensions of two-phase 

aqueous systems (ATPS) down to 20 μN m-1, three orders of magnitude higher and lower, respectively, than 

what is typically measured with the conventional setup. Furthermore, by applying oscillatory pressures instead 

of a pressure step, we can measure mechanical parameters such as elastic moduli and viscosities as a function 

of frequency. We demonstrate that by using this setup, we can significantly expand the range of systems that 

can be studied by the pipette suction technique. 

 
FIGURE 1. Bright field images of pipette aspiration experiments of (a) a polyacrylamide capsule with a pressure of 8.5 kPa and 

(b) a dextran droplet in a PEG solution with a pressure of 150 Pa. 

 

References  

[1] K. Guevorkian, F. Brochard-Wyart et al., Mechanosensitive Shivering of Model Tissues under Controlled 

Aspiration, Proc. Natl. Acad. Sci. U. S. A. 2011, 108 (33), 13387–13392  

[2] A. B. Pawar et al., et al., Arrested Coalescence in Pickering Emulsions. Soft Matter 2011, 7 (17), 7710.  

 

 

 

 



ORAL PRESENTATIONS 

84 

 

Solvent effects on biopolymers : Role of the backbone for the solvation free 

energy in water and non-polar solvents 

 

Cedrix J. Dongmo Foumthuima and Achille Giacomettia,b 
 

a Department of Molecular Sciences and Nanosystems, Ca’ Foscari University of Venice, 

Campus Scientifico, Edificio Alfa, Via Torino 155, 30172 Venice Mestre, Italy 
b European Center for Living Technologies (ECLT), Ca’ Bottacin, Dorsoduro 3911, Calle 

Crosera, 30123 Venice, Italy 

 

 

The hydrophobic effect refers to the tendency for a biopolymer chain to fold to bury as much as possible 

the hydrophobic moieties inside the folded chain thus avoiding contact with polar solvent. Is there an analog 

‘solvophobic effect’ in non-polar solvents? Using thermodynamics integration, we study the solvation free 

energy of 18 amino acid side chain equivalents out of the 20 naturally occurring ones, in solvents with different 

polarities, ranging from polar (water) to non-polar (cyclohexane). The results show consistent trend with both 

experimental and past simulation data and reveal that the role of the polar and non-polar moieties cannot be 

reversed in a non-polar solvent. Then we extend the calculation to short oligopeptides formed by identical 

residues with lengths varying from tri- to undeca-peptide. Both polar and hydrophobic oligopeptides have been 

considered. Interestingly, all the considered homopeptides display a favorable solvation free energy 

independently of the solvent polarity and their intrinsic hydrophobicity, clearly pointing to the important role 

of the backbone in the stabilization of the peptide configuration. We find that all the solvation processes are 

largely enthalpically dominated, implying a favorable solute-solvent reorganization enthalpy over the 

reversible work due to the cavity creation to host the solute. A linear trend in the solvation free energy with the 

oligopeptide length is found compatible with an additivity character of the solvation free energy as a function 

of the polymer length. Overall, our findings provide significant insights on the role of solvents on biopolymers 

and the interplay between good/bad solvent and solute conformation and may shed additional light on the 

unique role of water as a biological solvent. 
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 Plant-based proteins have been investigated extensively over the last years, especially as a replacement 

for animal-derived proteins. Mung beans are known for their well-balanced amino acid composition and 

relatively high protein content. As such they may serve as a promising alternative. Unfortunately, the 

functionality of commercially available mung bean protein is often poorer compared to animal-derived protein, 

especially caused by its poor solubility and related high viscosity in aqueous systems. To solve this, a promising 

approach so-called protein coacervation is used, where protein enriched droplets are formed that are kinetically 

stable against coalescence and that can be produced at low cost [1]. In the present research, a fine fraction of 

mung bean flour was used to form mung bean protein coacervates (MBPC) using a pH induced L-L phase 

separation. These coacervates were found resistance to coalescence and sedimentation at least 15 days at 4°C 

after heating. In addition, freeze-drying and spray drying have no influence in its solubility. The freeze-dried 

MBPC had a high solubility of around 40% (w/w) at pH 4 and unaffected by salt concentrations up to 0.5M. 

The excellent foamability and foam stability also allow MBPC to be utilized as a foaming agent. Furthermore, 

we investigated the possibility of MBPC to produce Pickering emulsions. The internal protein content of the 

MBPC was estimated around 17% (w/w) making them interesting building blocks of high protein content food 

products and a promising vehicle to deliver plant-derived proteins. 

 

 

References 

[1] Sutaphanit, P., & Chitprasert, P. (2014). Optimisation of microencapsulation of holy basil essential oil in 

gelatin by response surface methodology. Food Chem, 150, 313-320. 

https://doi.org/10.1016/j.foodchem.2013.10.159 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1016/j.foodchem.2013.10.159


ORAL PRESENTATIONS 

86 

 

Simulations of Gel Formation in Reversibly Cross-Linking Polymers: Effective 

Potentials, Phase Behaviour and Viscoelastic Response 

 

Mounika Gosikaa , Mariarita Paciollaa, Maud Formaneka, Christos N. Likosb, Lorenzo 

Rovigattic, Emanuela Zaccarellid, Francesco Sciortinoc, and Angel J. Morenoa,e 
 

a Centro de Física de Materiales (CSIC, UPV/EHU) and Materials Physics Center MPC, Paseo Manuel de 

Lardizabal 5, E-20018 San Sebastián, Spain 
b University of Vienna, Boltzmanngasse 5, A-1090 Vienna, Austria 

c Università di Roma La Sapienza, Piazzale Aldo Moro 5, I-00185 Roma Italy 
d CNR-ISC, Piazzale Aldo Moro 5, I-00185 Roma Italy 

e DIPC, Paseo Manuel de Lardizabal 4, E-20018 San Sebastián, Spain 

 

We present a global picture of the thermodynamic and dynamic properties of a gel-forming system of 

polymers with reversible bonds. We perform simulations of a generic bead-spring model and explore the 

properties of the dynamic network as a function of the sequence of reactive sites in the polymer backbone 

(periodic vs. random) and the effect of introducing two types (A,B) of reactive sites (orthogonal chemistry) 

and their distribution (mixture of pure-A and pure-B chains or one-component system of chains with both A- 

and B-sites forming a random or a diblock sequence).  Network stability is mediated by a small number of 

intermolecular connections per polymer, most of the bonds being intramolecular. The molecular conformations 

in the crowded gel are weakly perturbed with respect to high dilution, even far above the overlap concentration, 

in clear contrast to the collapse from self-avoiding to random-walk behaviour experienced by linear chains 

with no bonds. This result suggests that the validity of the effective (mean-force) potential between the 

molecular centers-of-mass can extend far above the overlap concentration and many-body interactions 

essentially contribute as a flat energy landscape. In order to assess the validity of the effective potentials, we 

compare the static correlations between the molecular centers-of-mass in all-monomer simulations of crowded 

solutions with those in the simulations of ultrasoft particles interacting through the effective potential. Very 

good agreement is found even far above the overlap concentration, extending the validity of the effective fluid 

approach much further than usual. If the bonding chemistries of both polymers are orthogonal (no 

intermolecular bonding), repulsion is stronger than when intermolecular bonding is switched on. As a 

consequence, mean-field DFT and simulations of the effective fluid predict demixing in binary systems of 

orthogonal components. This result is confirmed by simulations of the real all-monomer system. No 

interpenetration of the two dynamic networks is found, and they instead demix, suggesting that experimental 

interpenetrated reversible networks may be, in general, kinetically trapped out-of-equilibrium states. Finally, 

we investigate dynamic properties of one-component solutions where each individual chain has the same 

number of orthogonal A- and B- reactive sites, with different activation energies for the respective bonds. 

Varying the A/B fraction and the sequence of A, B-sites becomes a powerful approach to fine-tuning the 

viscoelastic behaviour, allowing to simultaneously slow down and speed up the stress relaxation in different 

frequency windows and to obtain non-trivial non-monotonic behaviours of the viscoelastic response.  
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In this contribution a few recent advances in characterizing certain soft matter systems in the presence of 

topological constraints will be illustrated. A power law based on analytical models for predicting how the 

complexity of knots and catenanes formed by cyclic polymers scales with their lengths will be presented. Next, 

information from highly parallelized simulations about the phases, sizes and conformations of single knotted 

polymers in a solution will be provided. Finally, it will be shown how the properties of circularized 

polycatenanes, a category of multiscale structures with potential applications in material science obtained by 

interlocking together macrorings, are “topologically” tunable using the twist stored inside the system. 
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 Rheological characterization of complex fluids subjected to cyclic shear-rate sweep often exhibits 

hysteresis. Since both viscoelastic and thixotropic materials show hysteresis loops, it is important to understand 

distinguishing features (if any) in the same shown by either. Lately, there has been substantial work that 

attempts to relate the area enclosed by the hysteresis loop with the manner in which shear rate is varied in the 

cycle, in order to infer thixotropic parameters of a material. In this work, we study the Giesekus model, which 

is a standard non-linear viscoelastic model, under application of cyclic shear-rate sweep. We find that this 

model produces each type of hysteresis loop that has hitherto been ascribed to thixotropic materials. We also 

show that the area of the hysteresis loop for a viscoelastic material as a function of sweep rate shows bell-

shaped/bi-modal curves as also observed for the thixotropic materials. This study illustrates that caution needs 

to be exercised before attributing hysteresis loops and associated features observed in a material exclusively to 

thixotropy. Another feature related to the hysteresis loop is the occurrence of shear banding instability. We find 

that viscoelastic hysteresis may not have any connection to shear banding instability. 
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 Polyhedral oligosilsesquioxanes (POSS) [1] with the empirical formula RSiO₁.₅ are one of the most 

intriguing examples of well-defined, nanostructured moieties for the construction of high-performance, hybrid 

polymers. Among various types of POSS monomers, the most promising one is a cubic-octameric framework 

with a single polymerizable vinyl group, leading to the linear processable polymers via ionic or radical 

polymerization. 

The first POSS-based polymers described in the literature were poly(methacrylate)s obtained by the 

conventional free radical polymerization (FRP) of (c-C₅H₉)₇POSS-(CH₂)₃-MA and (c-C₆H₁₁)₇POSS-(CH₂)₃-

MA. The molecular weights of the resulted poly((c-C₅H₉)₇POSS-(CH₂)₃-MA) and copolymer reached 

Mn,GPC=117,000 (Mw/Mn=1.9), indicating that POSS-MA monomers can be readily polymerized. Due to their 

unique structures and high thermal stability (up to ca. 400 °C), the interest in such systems has arisen instantly; 

however, all further works employing FRP (in bulk or solution) provided only low MW macromolecules. Since 

high MW polymers with different types of POSS moieties could strongly enhance their mechanical and thermal 

properties, or facilitate self-assembly of block copolymers, we decided to use POSS-methacrylates with various 

linkers and inert substituents bonded to silicon-oxygen cube and investigate the possibility of the formation of 

poly(R₇POSS-(Y)-MA)s with high polymerization degree by free radical polymerization (FRP) and atom 

transfer radical polymerization (ATRP) [2].  

FRP is one of the simplest, inexpensive, and easy to scale-up polymerization methods leading to linear 

(co)polymers. Studies targeted on FRP of POSS-MAs can provide an important information for the studies 

focused on more challenging controlled radical methods. On the other hand, the uses of ATRP gives an unique 

opportunity for the synthesis of systems with complex architecture and composition as well as different 

functionalization.  

Therefore, in this communication, we present the results of our studies which concern both synthetic 

methods (by FRP and ATRP) as well as characterization of obtained polymers.[3] 
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We study experimentally and theoretically the dynamics of two-dimensional clusters of paramagnetic 

colloids under a time-varying magnetic field. Due to the continuous energy input by the rotating field, these 

self-assembled clusters are a dissipative non-equilibrium system with shared features with aggregates of living 

matter. At sufficiently high magnetic field frequency, the self-assembled clusters rotate following the field 

rotation, although at a slower frequency than that of the field. The rotation of clusters is enabled by dissipative 

viscoelastic shear waves, which are driven by a line tension of magnetic origin and travel along the interface. 

We investigate the dynamics of cluster rotation and develop a theoretical model, based on an erlier study on 

hexagonal clusters [1], to explain the emergence of collective viscoelastic properties. The model successfully 

captures the observed dependence, for both homogenous and binary clusters [2, 3], on particle, cluster, and 

field characteristics, and it provides an estimate of cluster viscoelasticity. We also study the rapid cluster 

disassembly in response to a change in the external field. The experimentally observed disassembly dynamics 

are successfully described by a model, which also allows estimating the particle–substrate friction coefficient 

[2]. Our studies highlights physical mechanisms that may be at play in biological aggregates, where similar 

dynamical behaviors are observed. 

 
 

FIGURE 1. (a) Sketch of the experimental magnetic setup. (b) Sketch of a binary mixture of super-paramagnetic particles of 

different sizes and magnetic susceptiblities at the bottom of the sample cell. The sample cell is located at the center of the magnetic 

setup, which generates a nearly spatially uniform magnetic field B that rotates with a precession frequency Ω over the surface of a 

cone of tilt angle θ. (c) Experimental image of a rotating self-assembled binary colloidal cluster under an in-plane rotating 

magnetic field. 
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An anisotropic colloidal shape in combination with an externally tunable interaction potential results in 

a plethora of self-assembled structures with potential applications toward the fabrication of smart materials. 

Here we present our investigation on the influence of an external magnetic field on the self-assembly of 

hematite-silica core–shell prolate colloids for two aspect ratios ρ = 2.9 and 3.69. Our study shows a rather 

counterintuitive but interesting phenomenon, where prolate colloids self-assemble into oblate liquid crystalline 

(LC) phases. With increasing concentration, particles with smaller ρ reveal a sequence of LC phases involving 

para-nematic, nematic, smectic, and oriented glass phases. The occurrence of a smectic phase for colloidal 

ellipsoids has been neither predicted nor reported before. Quantitative shape analysis of the particles together 

with extensive computer simulations indicate that in addition to ρ, a subtle deviation from the ideal ellipsoidal 

shape dictates the formation of this unusual sequence of field-induced structures. Particles with ρ = 2.9 exhibit 

a hybrid shape containing features from both spherocylinders and ellipsoids, which make their self-assembly 

behavior richer than that observed for either of the “pure” shapes. The shape of the particles with higher ρ 

matches closely with the ideal ellipsoids, as a result their phase behavior follows the one expected for a “pure” 

ellipsoidal shape. Using anisotropic building blocks and external fields, our study demonstrates the 

ramifications of the subtle changes in the particle shape on the field-directed self-assembled structures with 

externally tunable properties. 

 

FIGURE 1. (a) Different self-assembled phases formed by colloidal particles of aspect ratio ρ = 2.9 in the presence of an external 

field. 
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In the microscale, the low Reynolds number nature of hydrodynamic interactions (HI) give rise to a rich 

variety of locomotion mechanisms, providing a means to beat the time reversibility of Stokes equation [1]. For this 

reason, manufacturing artificial swimmers in the microscale with a variety of geometrical features and reaction to 

external fields opens still new challenges and opportunities. Recent work has shown the potential to synthesize 

articifal microswimmers with complex and rich phenomenology [2–5]. However, further improvements are still 

required if aritificial swimmers are to be taken seriously as a doable alternative for operations in the microscale. 

Recent experiments have shown three different propulsion modes with magnetic colloidal triangles. In one 

of these modes, localized fast rotation of the triangle tips induce a global surfing-like drift of the triangle respect a 

bounding wall. The latter sliding propulsion, due to the triangle magnetisation anisotropy, allows to rectify the 

motion in four different directions by tuning the magnetic field components. I will present a model based in 

Molecular Dynamics which reproduce qualitatively all these features, revealing the fundamental role that His play 

to sustain three qualitatively different modes of locomotion.  

I will also consider the role of HIs to induce collective motion of driven colloidal particles on a periodically 

textured substrate. HIs are known to be determinant for the dynamics of many interacting systems [6–9]. However, 

in ratchet transport systems, which are widespread in physics and biology, the effect of such HIs have been often 

overlooked. A theoretical model, and a simulation approach based in Brownian Dynamics will be introduced in 

order to characterise the role of HIs. The outcome of the experiments will be compared to the simulations, to show 

that HIs are able to resynchronise the colloids with the travelling wave induced by the textured substrate, producing 

a net increase of the average colloidal speed. The competition of HIs with dipolar interactions, lead to rhombic-like 

structures mediated by the underlying substrate symmetry [10]. 
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 Magnetophoresis, that is, the motion of magnetic objects under the action of a nonuniform magnetic 

field, is the physical basis for many applications of magnetic nanoparticles (MNPs) in biotechnology and 

medicine. Examples of such applications are magnetic cell separation and targeted drug delivery. It is known 

that the sensitivity of MNPs to the applied gradient field is among main factors determining their suitability 

for biomedical purposes [1]. In this contribution, we use methods of nonequilibrium statistical mechanics as 

well as Langevin dynamics simulations to study how the magnetophoretic movement of MNPs in a 

nonmagnetic viscous medium is affected by interactions between these MNPs (namely, by dipole-dipole, 

hydrodynamic and Van der Waals interactions). 

In the first part of the work, we model a concentration redistribution of MNPs in the vicinity of a current-

carrying cylindrical conductor. A nonuniform azimuthal field of the current causes the magnetophoretic drift 

of MNPs in a radial direction (see Figure 1). This drift is hindered by the gradient Brownian diffusion. Over 

time, a stable concentration profile of MNPs is achieved as a results of competition between magnetophoresis 

and diffusion. We obtain several sets of these profiles from Langevin dynamics for different values of MNPs 

coupling constants. Simulation results are then used as a verification tool for the mass transport equation of a 

concentrated MNP suspension.  

In the second part, this equation is combined with a set of mascroscopic PDEs for hydrodynamic flows 

and magnetic fields to investigate mass transport phenomena in more complex and practically relevant dipolar 

systems. Particularly, we simulate and determine optimal parameters of a microfluidic filtering device, which 

uses a localized source of a gradient field to separate MNPs from the flow.   

   
FIGURE 1. Simulation snapshot of of the MNP distribution in the vicinity of a current-carrying cylindrical conductor placed in the 

middle of the simulation box (top view) 
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 Lipid-bilayer membranes are abundant in biological cells, which are the basic building blocks for living 

soft matter. In particular, the plasma membranes separate cells from their environment and serve as 

communication interfaces. Larger particles that adhere to membranes get wrapped [1]. Therefore, predicting 

wrapping states is vital for understanding material transport across membranes. For non-spherical particles, 

shape and orientation matter for particle uptake by cells—an inhomogeneous particle surface curvature 

stabilizes partial-wrapped states [2]. In biological systems, many particles are deformable, such as polymeric 

gels and shells, virions, and vesicles. Deformable particles assume non-spherical shapes upon partial wrapping 

[3]. Partial-wrapped particles also deform the surrounding free membrane, which is mediating interactions 

between the particles [4]. At higher particle concentrations, membrane-mediated interactions may lead to 

aggregation and cooperative wrapping. 

Using a continuum membrane model and triangulated membranes, we predict wrapping states for 

initially prolate vesicles at planar membranes. We find stable shallow- and deep-wrapped states; for those, we 

calculate membrane-mediated pair interactions. Here, the deformation-energy costs of the membranes and the 

adhesion-energy gain determine the vesicle-vesicle interactions. Depending on the elastic parameters, either 

the change in the deformation or adhesion energy dominates. We predict attraction between shallow-wrapped 

prolates in tip-to-tip orientation, and repulsion in side-by-side orientation and for deep-wrapped prolates. Our 

results may help to design elastic particles for medical applications. 

 

 
FIGURE 1. The membrane-mediated interaction is attractive between shallow-wrapped prolate vesicles in tip-to-tip orientation 

and repulsive between deep-wrapped vesicles. 
 

Acknowledgments 

We acknowledge support by the DFG SFB “Functional Microgels and Microgel Systems”. 

 

References 

[1] S. Dasgupta, T. Auth, and G. Gompper, J. Phys.: Condens. Matter 29, 373003 (2017) 

[2] S. Dasgupta, T. Auth, and G. Gompper, Nano Lett. 14,  687 (2014) 

[3] Yi et al., Phys. Rev. Lett. 107, 098101 (2011) 

[4] C. van der Wel et al., Sci. Rep. 6, 1 (2016) 

 

 

 



ORAL PRESENTATIONS 

95 

 

Modelling dense cell aggregates as active nematic fluids 

 

Liam Ruske, Julia Yeomans 
 

University of Oxford 

 

 

Physical concepts of forces and flows play an important role in understanding biological processes, 

from the spread of cancers to morphogenesis, the development of organisms. In this talk, I will show how 

continuum theories of active fluids can be used as a model system to study the collective organisation of living 

cell aggregates. In particular, we use 3D droplets of active matter embedded in a passive environment to study 

how the shape of homogeneous cell aggregates deforms in response to continuous generation of active stresses 

at the level of individual cells. Depending on mechanical cell properties, activity can trigger different 

deformation modes such as the growth of finger-like protrusions or invagination, resulting in cup-shaped 

aggregates.  

In many biological environments, however, cells are exposed to chemical gradients that result in 

heterogeneous cell behaviour, where cells at the surface of the aggregates have access to more resources than 

cells in the core. Since the level of cell activity scales with resource concentration, heterogeneous resource 

distribution within aggregates leads to radial activity gradients that can align the orientation axis of cells either 

radially or tangentially to the surface, depending on environmental conditions and cell type. This represents a 

novel mechanism for controlling the orientation of cells within aggregates that has been shown to influence the 

mechanical properties and invasive capabilities of tumours. 

In many biological environments, however, cells are exposed to chemical gradients that lead to 

heterogeneous cell properties. Cells at the surface of multicellular spheroids, for example, have access to more 

resources than cells in the core. Since the level of cell activity scales with resource concentration, 

heterogeneous resource distribution within aggregates leads to radial activity gradients that can align the 

orientation axis of cells either radially or tangentially to the surface, depending on environmental conditions 

and cell type. These dynamics potentially provide novel mechanisms to control the orientation of cells within 

aggregates, which has been shown to influence the mechanical properties and invasive capabilities of tumours. 
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 Whether in environmental, medical, or biological settings, bacteria often live surrounded by fluid 

media, which are often in flow. In such habitats, trapping of bacteria in high-shear regions can arise from the 

interaction between fluid shear and cell motility. This interaction was shown to alter the spatial distribution of 

motile bacteria and the location and efficiency of surface colonization [1,2,3]. Although bacterial cells are often 

found in polymer fluids, bacterial transport and shear trapping have only been characterized in water [1].  

Despite the presence of Newtonian and non-Newtonian polymer solutions in many bacterial habitats, the effect 

of their complex rheology on shear-induced trapping and bacterial transport in flow has remained unexplored.  

Using microfluidic experiments and numerical simulations, we study how Newtonian and non-

Newtonian polymer solutions affect the transport of motile, wild-type Pseudomonas aeruginosa in a Poiseuille 

flow [4]. Our results show that both bacterial swimming and polymer fluid rheology control the magnitude of 

shear-induced trapping, with potential consequences on surface colonization and biofilm formation in many 

relevant microbial habitats. 
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 Despite its importance in any adhesion and wetting phenomena, there is a fundamental property that is 

not yet understood in soft solids: surface elasticity. Also called the Shuttleworth effect, surface elasticity can 

be boiled down to one question. Does stretching the surface of a soft solid change its surface tension? In 2017, 

Xu et. al (1) designed an experiment in which the opening angle of a wetting ridge was a proxy to evidence a 

dramatic increase of surface tension with stretch. In 2019, however, Masurel et al. (2) claimed that the coupling 

between nonlinear mechanics and the singular nature of the wetting ridge suffice to explain the behavior of the 

opening angle observed by Xu et al, without invoking the Shuttleworth effect. The question, therefore, remains 

open. This presentation will focus on an experimental setup with no geometric singularity, that leaves no doubt 

on the existence or absence of surface elasticity in soft solids, hopefully closing this long-lasting controversy. 
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Droplets are ubiquitous in nature and oftentimes materials and coatings are designed to be water 

repellent, since adhering droplets can impair visibility, for example, in car wing mirrors, or cause icing on 

airplanes. Highly water repellent surfaces often include thin gas or vapor layers between droplets and their 

underlaying substrates, such as droplets in Cassie or Leidenfrost states [1,2]. These states provide extremely 

high contact angles (>150°), that result in tiny spherical or thick pancake-like, highly mobile droplets. 

 Here we show that it is possible to create analogous states in droplets constrained in a quasi-two-

dimensional (quasi-2D) space using traditional Hele-Shaw cells, where we allow the droplets to meet the 

sample cell edge and be deformed by gravity (Figure 1). Due to the open cell geometry, quasi-2D droplets are 

pseudo-sessile as they sit solely on air rather than on the solid surface, with a 180° apparent contact angle. By 

studying the shapes of quasi-2D water, silicone oil, and perfluoropolyether droplets, we show how their shapes 

emerge from the equilibrium between Laplace and hydrostatic pressures. Further, by tilting the sample cell, we 

observed sliding of pseudo-sessile quasi-2D droplets that, compared to their 3D counterparts, move slower due 

to the viscous dissipation at the contact line.  

 The droplets studied here are essentially capillary bridges that can freely move between two planes [3] 

until they encounter the sample cell edge. On the edge, which acts as a pseudo-surface, droplets can move due 

to minute hysteresis in our system. Studies of quasi-2D pseudo-sessile droplets provide an interesting analogy 

to 3D droplets with uttermost contact angles, and it could also provide a useful method for investigating the 

stability and dynamics of various droplet systems.    

 

 
FIGURE 1. Comparison of traditional 3D sessile droplet on a superhydrophobic surface (a) and quasi-two-dimensional pseudo-

sessile droplet (b). Image in subfigure a kindly provided by Sakari Lepikko. 
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Polymer brushes attached to lipid membranes are essential in biology and medicine, from the 

glycocalyx layer coating most cell membranes to PEG chains stabilizing liposomes for drug delivery. However, 

the synthetic methods commonly used to prepare decorated membranes typically rely on grafting pre-

polymerized chains to a lipid bilayer. This strongly limits the surface density of polymer chains, keeping larger 

thicknesses and higher densities out of reach. Instead, we aim to grow polymer brushes of controlled density 

and thickness directly from the lipid membrane. To this end, we incorporate a novel controlled radical 

polymerization initiator into phospholipid bilayers, and initiate the polymerization of N-isopropylacrylamide 

(NIPAM) asymmetrically from their surface. We quantify the polymerization from supported lipid bilayers 

(SLBs) using quartz-crystal microbalance with dissipation monitoring (QCM-D), and from small unilamellar 

vesicles (SUVs) using dynamic light scattering (DLS). In both cases, the growth of a polymer layer is observed, 

whose thickness strongly correlates with the concentration of initiator in the membrane. SUV-initiated 

polymerizations run for longer and yield thicker brushes than their SLB counterparts, which we attribute to the 

difference in membrane curvature between these systems. Non-monotonic evolution of the brush thickness 

suggests degrafting at high surface densities. Finally, reversible collapse of the poly(NIPAM) brushes is 

observed when cycling the temperature around its LCST. We expect that the exceptionally dense and thick 

polymer brushes obtained with this route will have strong effects on the membranes’ stability and mechanical 

properties. 
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Adsorption of small amphiphilic molecules occurs in various biological and technological processes, 

sometimes desired, while other times unwanted (e.g., contamination). Surface-active molecules preferentially 

bind to interfaces and affect their wetting properties. We use molecular dynamics simulations to study the 

adsorption of short-chained alcohols (simple surfactants) to the water-vapor interface and solid surfaces of 

various polarities. With a theoretical analysis, we derive an equation for the adsorption coefficient, which scales 

exponentially with the molecular surface area and the surface wetting coefficient, and is in good agreement 

with the simulation results. We apply the outcomes to aqueous sessile droplets containing surfactants, where 

the competition of surfactant adsorptions to both interfaces alters the contact angle in a nontrivial way. The 

influence of surfactants is strongest on very hydrophilic and hydrophobic surfaces, whereas droplets on 

moderately hydrophilic surfaces are less affected. 

We also use these results to describe the effect of contamination by tiny amounts of surfactants at the 

deposition of a polydisperse group of droplets, where the different area-to-volume ratio among them results in 

different final concentrations of surfactants, and where the contact angle depends on the droplet's size. This 

phenomenon contributes to the apparent line tension, a commonly accepted measure to characterize the size 

dependence of the contact angle. 
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The equilibrium contact angle of a droplet resting on a solid substrate can reveal essential properties of 

the solid’s surface. However, when the motion of a droplet on a surface shows significant hysteresis, it is 

generally accepted that the solid’s equilibrium properties cannot be determined. Here, we describe a method to 

measure surface tensions of soft solids with strong wetting hysteresis. With independent knowledge of the 

surface tension of the wetting fluid and the linear-elastic response of the solid, the solid deformations under 

the contact line and the contact angle of a single droplet together reveal the difference in surface tension of the 

solid against the liquid and vapor phases If the solid’s elastic properties are unknown, then this surface tension 

difference can be determined from the change in substrate deformations with contact angle. These results reveal 

an alternate equilibrium contact angle, equivalent to the classic form of Young-Dupré, but with surface tensions 

in place of surface energies. We motivate and apply this approach with experiments on gelatin, a common 

hydrogel. 
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A triboelectric series is an ordering of materials according to their tendency to acquire positive or 

negative charge when in contact with each other. Despite the fact that the first triboelectric series was 

experimentally established over 250 years ago, the underlying principle that orders the materials is still 

unresolved [1]. Considerable work has been done to try to solve this mystery, with hypotheses atributting it to 

diverse properties such as water content, acidity/basicity, among others [2]. However, without a way to isolate 

and change a single potential driving paramenter, work with different materials so far has not led to any 

definitive answer.  

In this talk, I will show that even identical materials can be ordered in a triboelectric series. Our 

experiments consist of bringing pairs of soft polymer samples (PDMS) cut from the same batch into uniform 

contact and measuring the charge exchanged with a Faraday cup. Testing all possible combinations of all 

samples, we consistently find nearly perfectly ordered series, with samples in fixed positions on the 

positive/negative end. Unlike series with different materials, our series has the advantage that any extraneous 

differences in material properties are not present. Consequently, the existence of a triboelectric series of 

identical materials represents a unique opportunity to identify the underlying parameter(s) that order the series 

and drive the exchange of charge. 

 
 

FIGURE 1. An example of a triboelectric series. Extracted from Ref. [2]. 
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Droplets are constantly interacting with their environment: a prototypical example is the case of a sessile 

droplet evaporating on a solid substrate [1]. As a result, they are often in a non-equilibrium state and exhibit 

complex flows and behavior that drive motion and self-assembly processes [2]. Droplet behavior has been 

widely studied on solid (rigid) surfaces, lubricated surfaces, in a liquid bath, and on soft substrates made from 

polymers or gels [2].  

Here, we explore their behavior in a novel setting: deeply metastable droplets sat at an oil-water 

interface, whose stability can be easily tuned from seconds to days. While pure water and pure ethanol droplets 

coalesce within seconds with the aqueous phase below, the addition of EtOH in a broad range of compositions, 

remarkably, produces droplets that sit at the oil-water interface and are metastable against coalescence up to 

several days. We discuss the effect of assembling a solid-like monolayer of cellulose nanocrystal surfactants 

(CNCS) at the oil-water interface, which acts as a platform for droplets to interact with each other. Similar to 

droplets on soft substrates, our droplets deform the CNCS membrane, leading to elastocapillary interactions 

[3]. This leads to the self-assembly of monodisperse droplets into hexagonal structures with tunable stability 

(Fig. 1). Such extended stability against merging allows us to build different ensembles of droplets at the oil-

water interface in a controllable way. Finally, we describe a number of new phenomena in our system, including 

wetting transitions of droplets at the water-oil interface, and active behavior of droplets driven by 

functionalization of the NCS assembly. Our work outlines a new system for the study of metastable phenomena, 

active matter, and the manufacturing of synthetic soft materials. 

 
 

FIGURE 1. A hexagonal self-assembly of 25 v/v % ethanol droplets at the dodecane-water interface. 
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Ordering processes on the segmental and chain scale as well as the corresponding changes in dynamics 

are of central importance for all applications of polymers, e.g., in nano-composite materials or coatings. 1,4-

polybutadiene (PBD, as a random copolymer) has been extensively studied in experiments as well as 

simulations concerning its glass transition behaviour. When confined into a slit between graphite walls or as 

supported film on a graphite surface (1d confinement), or infiltrated into a cylindrical alumina pore (2d 

confinement), PBD exhibits the typical orientation ordering of Gaussian melt polymers on the chain scale. The 

long axis of the gyration ellipsoid orients parallel to the confining walls within a surface region of a few nano-

meter. Strong attraction to the walls, like in alumina pores, induces an adsorption transition of the chains. This 

structurally modified surface layer also possesses modified dynamics on the segmental as well as the chain 

scale. The additional (in comparison to the bulk) energy scale of the attraction to the confining surface leads to 

a new dynamical process on the chain scale, the desorption dynamics.  The process is experimentally 

observable, for instance in neutron scattering or dielectric spectroscopy. For strong adsorption it can lead to a 

first polymer layer with a terminal relaxation time much longer than in the bulk, i.e., a layer of chains exhibiting 

segmental mobility but no overall relaxation before the desorption process can complete. 
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 Polymeric nanoparticles are widely researched as drug carriers, often enabling combinatory treatment 

to increase the efficacy of the applied therapy. An additional benefit 

is the introduction of bioimaging capabilities, as in the case of paramagnetic nanoformulations that can serve 

as MRI contrasts. Such systems combining therapy and diagnostics can be described as theranostic. 

The study aimed to create a drug delivery system (DDS) for multimodal therapy and imaging of liver 

cancer. The cores of the DSS are porous polydopamine (PDA)-Fe nanoparticles loaded with anticancer drug 

doxorubicin. PDA is known for its excellent photothermal properties, which the addition of Fe can further boost 

[2,3]. The addition of Fe made PDA NPs paramagnetic, making them potentially applicable in MR imaging. 

PDAFe-DOX NPs were coated with a membrane extracted from hepatocellular carcinoma cells (Fig. 1A) to 

improve biocompatibility and target homotypic cancer cells.  The in vitro studies revealed strong antitumor 

properties of the membrane-coated nanoformulations towards liver cancer cells (Fig. 1B), proving the efficacy 

of the synthesized nanoparticles as a theranostic system for potential application in cancer therapy.  

 

 
 FIGURE 1.  a) TEM image of PDAFe NPs. b) Evaluation of cytotoxic properties of various concentrations of PDAFe-DOX NPs 

and PDAFe-DOX@Mem NPs towards HepG2 cells.  
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The unique and remarkable nature of the polyurethane-polyurea family lies in the wide range of 

materials that can be produced, from elastomers to glassy polymers at room temperature or to foams. This wide 

range of properties results from the possibility of infinitely varying the basic components at the level of their 

chemical nature or molar mass, characteristics that will impact the structure of the polymer at the 

macromolecular and supramolecular scale [1]. Nevertheless, an understanding of the relationships between 

macromolecular architecture and physical behavior such as the mechanical properties of such polymers remains 

to be provided since many phenomena can be involved: role of inter- and intra- molecular hydrogen bonds 

[2,3], thermodynamics -micro-phase separation for example [4]-, etc. 

The study reported here concerns model urea compounds formed by the reaction between an amine (or 

diamine) bearing ester groups and an isocyanate. Different mono-ureas and di-ureas representative of segments 

of the molecular architecture of the polyurethane-urea networks have been synthesized and studied for their 

conformations and ability to form H-bonds. The interesting character of those systems is their ability to form 

hydantoins within the molecule following the reaction between the ester and the urea. Therefore, the 

macromolecular architecture is rearranged, causing important changes on the physical behavior and especially 

the mechanical properties. 

 

FIGURE 2 : Tensile tests of PUR networks composed mainly of ureas (red) and hydantoins (blue) (50mm/min) 
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 Supercoiled DNA, often adopt tree-like double-folded, randomly branching configurations. In this 

context, we studied an elastic polymer model on a FCC lattice for tightly double-folded ring polymers. This 

model includes the creation and deletion of side branches, which move along the tree graph structure due to 

local mass transport diffusion. We used Monte Carlo simulations to study systems falling into different 

universality classes: ideal double-folded rings without excluded volume interactions, self-avoiding double-

folded rings, and double-folded rings in the melt state. The static properties are in good agreement with exact 

results, simulations, and predictions of Flory theory. For example, in the melt state rings adopt compact 

configurations and exhibit territorial behavior. In particular, we show that the emergent dynamics is in excellent 

agreement with a recent scaling theory [1].  

We  extended our elastic lattice polymer model of the isolated randomly branching double-folded ring 

polymer to simulate multiple branching ring polymers under conditions similar to the environment of bacterial 

chromosomes in terms of concentration, interactions, etc. In particular, we captured universal properties of 

bacterial DNA from approximately 100 kb to 1 Mb scale using polymer physics. To this end, we rationalized 

contact properties between chromosomal loci measured in Hi-C methods. 
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 Recently,  increasing interest in understanding how complex environments consisting of static or 

dynamic obstacles influence active colloidal transport and phase behavior has emerged. Of particular interest 

are polymeric environments mimicking essential structural and viscoelastic features of in vivo biopolymer 

networks. These are of importance for potential drug delivery operations carried out by active micromachines 

in the future, but also to understand general mechanisms of active transport in complex biologically relevant 

fluids. 

Here we systematically investigate the transport of active colloids through explicitly modeled polymer 

networks using the hydrodynamic method of multiparticle collision dynamics (MPCD). In contrast to simple 

“dry” active Brownian particle (ABP) models, here self-generated fluid flows created by a self-propelled 

spherical squirmer – a prototypical hydrodynamic model for active colloids – are included. Furthermore we 

compare our results to a passively driven particle, and to a simple ABP. 

We observe that active colloids move much faster compared to driven colloids with respect to their 

reference speeds obtained in polymer-free Newtonian fluids. We identify different physical mechanisms 

responsible for our observations: First, hydrodynamic screening mediated by the presence of the polymer 

network is different for driven and active particles. Second, local polymer depletion influences transport in the 

presence of generated flow but is irrelevant for ABP models. We further quantify the flow field,  polymer 

density and crosslinking around the active colloids. By allowing bonds in polymer networks to form and break 

transiently, we show how self-generated viscous gradients enhance bond-breaking locally, and allows active 

colloids to widen and enter pores in polymer networks. 

In summary, we show how self-generated fluid flows enhance active transport by  manipulating the 

local polymeric environment.   

FIGURE 1. Active colloid moving in transiently crosslinked polymer network. 
Green sphere: squirmer; pink arrow: squirmer orientation; blue and orange:  non-crosslining and crosslinking monomers, 

respectively, forming a polymer network embedded in an MPCD background fluid. 
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Contrary to their biological analogs or larger scale robotic systems, current artificial microswimmers lack 

self-regulation and rely on external control to adapt their motion. Finding strategies to endow them with in-

built feedback schemes, which couple particle properties to sensing and self-motility to enable automation, 

remains an open challenge. Here, we realize the fabrication of active colloidal clusters which behave as Finite 

State Machines, a system of discrete states connected with transitions which are triggered by responses. These 

units are produced via capillary assembly [1] with fine geometrical control, comprising two different PNIPAM 

thermo-responsive microgels and a hard polystyrene colloid. The active clusters, actuated by AC electric fields, 

adapt their shape and dielectric properties via a temperature-induced transition upon illumination [2]. Different 

transition temperatures for the two microgels enable three distinct dynamical states via increasing-intensity 

light inputs. The sequential reconfiguration of the microgels affects the chirality and persistence of the 

trajectories, connecting active dynamics to the design of different particle states with tailored adaptive 

pathways. 

 
FIGURE 1. a) Schematic of the capillary assembly of active colloidal clusters with PNIPAM thermo-responsive microgels. b) 

Composite micrograph of the colloidal clusters (scale bar is 5 μm). c) Example trajectory of an active cluster experiencing a 

temperature sequence which is color coded for the different temperatures. (scale bar is 20 μm) d) Schematic of the states at the 

corresponding different temperatures.     
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We have developed a unique numerical scheme, the smoothed profile (SP) method, to perform direct 

numerical simulations (DNS) for various of passive and active particle systems [1]. Here we report on our 

recent results on the applications of the SP method to the systems composed of i) many Quincke rollers and ii) 

a micro-swimmer in a viscoelastic fluid.  

i) A system involving many Quincke rollers exhibits a variety of collective dynamics, such as the 

disordered gas, polar liquid, and active crystal states. We performed DNS of a three-dimensional system 

containing many self-rotating particles to explicitly resolve the hydrodynamic interactions among rotating 

particles. The collective motion depends on the magnitude of the dipole moments induced on the dielectric 

particles, the area fraction of particles, and the strength of interparticle attraction (see Figure 1) [2]. We newly 

find that the highly ordered polar liquid state is destabilized by the hydrodynamic interaction between rotating 

particles at high densities: the near-field lubrication interaction becomes dominant over far-field effects as the 

interparticle separation becomes shorter. 

 
FIGURE 1. Phase diagram of a many-roller system. The blue- outlined region represents polar liquid states, the 

gray-outlined region represents gas states, the green-outlined region represents vortex states, the purple-outlined 

region represents chain states, the orange-outlined region represents rotating cluster states, the olive-outlined 

region represents disordered cluster states, and the azure-outlined region represents polar cluster states. 

 

ii) We recently extended the SP method from purely viscous to viscoelastic fluids to simulate 

a micro-swimmer in biological environments. The details will be reported in the presentation. 
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MOFs (Metal-Organic Frameworks) also known as porous coordination polymers (PCPs) are a 

relatively new class of molecular sieves, which after their discovery in 1990s have grown rapidly and have 

arisen great expectations due to their potential applications. Coordination of metal ions to organic linker yields 

open framework structures, which results in exceptionally high surface areas (~7000 m2/g [1]). Due to its 

textural properties and the almost limitless ability to modify the chemical composition of MOFs have potential 

application in many medical, scientific and industrial areas. The greatest advantage of MOFs over other well-

know nanoporous materials such as zeolites, mesoporous sillicas, carbon nanotubes is the ability to tune the 

structure and functionality of MOFs directly during synthesis. Completely new and promising scientific trend 

aims to combine MOFs with extrinsic functionalities such as functional nano- and micro-particles. This strategy 

enables the preparation of new materials with unprecedented properties and sophisticated architectures. 

Magnetic helical microstructures coated with MOF materials have the ability to swim and follow complex 

paths under the control of external energy sources, such as magnetic fields. Mobile MOF materials are potential 

candidates for robotic platforms such as targeted drug delivery or nano-surgery [2].  

The aim of the work was to develop/modify synthesis methods for new materials that can act as 

nanobots. The proposed system consists of a magnetic coil made of CoFe, obtained by the top-down method 

with the participation of a template, using electrolytic deposition in highly ordered nanoporous matrices [3]. 

The project implementation requires the controlled deposition of MOF materials on previously obtained spirals. 

MOF materials are deposited onto the thus modified coils using a step-by-step synthesis strategy. MOF 

materials enable, among others encapsulation of drugs, e.g. anti-cancer drugs, and their controlled release.  

The electrodeposition process was carried out using the potentiostatic method in a three-electrode 

system with the use of a multi-channel potentiostat/galvanostat Autolab. Fig. 1A shows a SEM photo of the 

obtained CoFe nanospirals inside AAO membranes. In the next stage of the research, the obtained structures 

were etched from the membranes. Fig. 1B shows the CoFe spirals after MOF materials (MIL-100 (Fe)) 

deposition. The MOF material was a kind of a coating of magnetic structures. For 3 cycles of the MOF 

deposition process on CoFe nanospirals an approx. 10 nm layer was obtained. 
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FIGURE 1. SEM image of the CoFe spiral in membranes (A). TEM 

image of the CoFe spiral after MOF materials (MIL-100 (Fe)) 

deposition (B). 
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Cellulose nanocrystals (CNCs) are a rod-like nanoparticles that can be isolated from native cellulose 

through various processes. We produce CNCs via acid hydrolysis of cotton-based material, which introduces 

half-sulphate ester charges to stabilise the CNC suspensions and facilitate a sequential phase transition. The 

liquid-crystalline nature of CNCs leads to their helicoidal self-assembly and is a well-documented 

phenomenon. Through evaporation-induced self-assembly (EISA) CNCs start from isotropic suspensions, form 

tactoids and finally gelate into cholesteric mesophase films [1]. Such films can be used to produce optically 

active components or processed further [2, 3] In this study, we explore the parameter space in CNC colloidal 

suspensions and their interactions with gelation agents to explore the onset of gelation point via incorporating 

xanthan gum. Xanthan gum is produced by the fermentation of simple sugars by the bacteria Xanthomas 

campestris. While the presence of the complex polysaccharide gum brings flexibility to the CNC films, they 

also demonstrate remarkable colour uniformity and loss of the iridescence due to entrapment of the CNC 

tactoids into capsule structures to combine a surface texture and scattering of visible light within the co-

assembled structure. In the evaporation stage, Xanthan further provides colloidal stability and restricts phase 

separation.  Therefore, the presence of a gelating agent advances the onset of gelation in the CNC self-assembly 

and modifies the rheological properties of the suspension, leading to a refinement in the microstructure of 

colour domains. This work sheds new light on the gelation mechanisms in hybrid CNC systems and their 

interaction with an additive of alike chemistry.  
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FIGURE 3. Photographs of 20 day evaporating suspensions in between crossed polarisers.   

A) CNC-xanthan hybrid suspension showing no discernible phase separation,  

B) CNC suspension showing clear phase separation 
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Hydroxypropyl cellulose (HPC) is a derivative of the most abundant biopolymer, cellulose. HPC is 

known to organize itself to lyotropic cholesteric phases in aqueous solutions [1]. This liquid crystalline phase 

reflects light in the visible wavelength range depending on the HPC concentration and furthermore, the 

reflection is selective towards right-handed circular polarized light due to the twisted stacking of the cholesteric 

layers [2]. In this proceeding, we will demonstrate the formation of these mesophases and restructure the HPC 

phase diagram as a function of further functionalisation of HPC polymers with dicarboxylic acids with different 

chain lengths to modulate the colour response. By introducing a water based esterification chemistry, it is 

possible to alter the reflection wavelength of the HPC mesophases in liquid as well as the solid state, also the 

scattering distribution and the polarization response can be modulated. Furthermore, through 3 d printing of 

these mesophases we will also showcase that not only the HPC faction or the functionalisation are the primary 

factors but also the nozzle diameter and the shear pressure applied through the printing system can alter the 

colour definition [3], Figure 1. Through the rheological properties it is possible to predetermine the colour 

response and we will demonstrate how these new insights can help us to design materials with distinct colour 

response to their environment. 

 

 
 
FIGURE 1. a) Illustration of the 3d printing of the functionalized HPC mesophases with b) uniform structurally coloured filaments 

and c) the second degree microstructural hierarchy induced by the shear forces through the 3d processing 
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The interest in the application of self-assembling peptides for the development of new types of soft 

matter has been growing rapidly in recent years. Despite tremendous progress in the field[1-3], many issues 

related to their characterization, such as stereochemistry and crystal polymorphism, are largely overlooked. 

Herein, we summarize, the molecular reasons for the divergent behavior of homochiral and heterochiral 

peptides and the influence of different crystallographic forms on the properties of the final material. The models 

chosen for discussion of both cases are (LL) and (DL) Tyr-Tyr cyclic dipeptides. The compound cYY (2), forms 

stable hydrogels in water, while its diastereomer cY(D)Y (1) is practically water-insoluble. The extensive solid-

state investigation of peptide 2 resulted in the characterization of its various solid forms, that further suprisingly 

led to the formation of nonidentical hydrogels, displaying differences in morphology, mechanical stiffness, and 

temperature-dependence, as well as the strength of the intermolecular interactions. The described outcome may 

be colloquially referred to as a ‘crystal memory’ effect. We believe that the research presented here proposes a 

way of tuning the behavior of peptide-based low molecular weight gelators towards the rational design of 

systems with specific and controllable properties. 

 
FIGURE 1. The combination of solid-state and solution-state analysis leads to the comprehensive characterization of the self-

assembling peptide soft matter. 
 

Acknowledgments 

This work was financed by the Polish National Science Centre under Opus grant No. UMO-

2018/31/B/ST4/01973 and Sonata grant No. UMO-2018/31/D/ST4/01995. The Authors also acknowledge The 

PL-GRID Infrastructure and the EU ROP of the Lodz Region, RPLD.01.01.00-10-0008/18. 

 

References 

[1] B. Raphael, T. Khalil, V. L. Workman, A. Smith, C. P. Brown, C. Streuli, A. Saiani, M. Domingos, Materials 

Letters 2017, 190, 103-106. 

[2] M. Tena-Solsona, J. Nanda, S. Díaz-Oltra, A. Chotera, G. Ashkenasy, B. Escuder, Chemistry – A European 

Journal 2016, 22, 6687-6694. 

[3] J. A. Foster, R. M. Edkins, G. J. Cameron, N. Colgin, K. Fucke, S. Ridgeway, A. G. Crawford, T. B. Marder, 

A. Beeby, S. L. Cobb, J. W. Steed, Chemistry – A European Journal 2014, 20, 279-291. 

 

 

 

 



ORAL PRESENTATIONS 

115 

 

Contributions of Colloidal Surface Forces to the Heterogeneous Separation of Stable 

Water/Oil Emulsions  

 

Roi Bar-On a, Ofer Manor b  

 
a

 Interdisciplinary Graduate Program for Applied Mathematics, Technion - IIT, Haifa, Israel  
b Department of Chemical Engineering, Technion - IIT, Haifa, Israel  

 

Oil-polluted water is produced in large quantities in both domestic and industry utilities, which 

necessitate the development of new functional materials for fast and cheap phase separation. Membranes 

designed as hydrophilic or hydrophobic may separate oil/water mixtures [1,2] with pores which possess 

specific affinity to water or oil, so that to favor the passage of the same phase through the pores and repeal the 

opposite phase away from the membrane (FIGURE 1).  

We employ the classical density functional theory (DFT) to elucidate and model the physical 

mechanisms governing the phase separation of water/oil emulsion near a membrane surface which possesses 

specific affinity to oil, at near-equilibrium. We capture emulsion concentration variations near the membrane 

surface while accounting for the finite volume of oil droplets in the emulsion's bulk and surface forces of 

molecular origin, i.e., hydrophobic, Van Der Waals (VDW), and electrical double layer (EDL) interactions, 

between the emulsion droplets. 

We observe an increase in oil droplet concentration next to the lipophilic membrane surface at a distance 

of 10 drop radii from it. Hence, given membrane pores which correspond in size to the length scale in the liquid 

where the concentration of oil droplets is appreciably greater than the one in the bulk, will support phase 

separation. Moreover, we observe that the surface forces contribution to the oil film thickness becomes 

appreciable for droplets smaller than 1 micron. Energy barriers to droplet attachment appear to increase the 

dense oil region volume next to the membrane, relatively to the droplet size. 

 

 
 
FIGURE 1. A semi-infinite system with a zoom-in of the lipophilic solid surface (in gray): The oil droplet spheres (in light brown) 

go towards the membrane due to their chemical affinity to the lipophilic surface. δ is the oil film thickness wetting the solid surface 

and is roughly equal to the pore size of the membrane. 
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From avalanches to stochastic self-assembly in low-dimensional soft granular flows.  
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Soft granular materials, that is materials consisting of close-packed deformable grains separated by thin fluid 

films, are ubiquitous in both industry and nature: examples include concentrated emulsions, foams as well as 

biological tissues. Rheology and flow of such materials is intrinsically complex and involve phenomena 

characteristic of either fluid or solid phases depending on the dynamic state of the system. In general, soft 

granular flows rely on rearrangements, whereas the rearrangements require overcoming the local energy 

barriers associated with jamming. The multi-dimensional complex and constantly evolving energy landscape 

leads to stochastic dynamics and overall unpredictable behavior such as avalanches and other types of 

spatiotemporal flow inhomogeneities.  

In this study we exploit droplet microfluidics to not only study the soft granular flows at the micro- and meso-

scale--with droplets as the model ‘grains’ [1]--but also to precisely control the interplay of rearrangements 

versus arrest in such types of systems [2]. In particular, we generate regular yet disordered elongated structures 

in which the spatial droplet patterns reflect the history of the rearrangements. Due to the underlying granularity, 

the quasi-1D patterns are transcriptable as digital sequences of several structural subunits, thus resembling, 

e.g., the DNA code (Fig. 1). We discuss how such patterns could be used to store information, e.g., about the 

content of the individual droplets. We further also demonstrate generation of structures consisting of thousands 

of droplets which opens way to new types of high-throughput screening assays in which the droplets could be 

‘barcoded’ using the local structural motifs.   

 
FIGURE 1. A chain of aqueous droplets (diameter appr 0.4 mm) connected by capillary bridges of an immiscible oil phase (not 

visible) and carried by external flow (towards right) in a microchannel (the image obtained via stitching of several subsequent 

micrographs). The droplets stochastically ‘flip’ towards side-by-side configuration which leads to a unique disordered pattern 

along the chain transcriptable into a digital barcode ‘BDDBC…’ . 
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We study theoretically the dynamics of amorphous materials during the process of slow stress relaxation 

following the rapid imposition of a step shear strain. By detailed numerical simulations of a mesoscopic soft 

glassy rheology model, and of an elastoplastic model, we show that a dramatic shear localisation instability 

arises, in which the strain field suddenly becomes heterogeneous within the sample, accompanied by a 

precipitous drop in the stress. Remarkably, this instability can arise at extremely long delay times after the 

strain was applied, due to the long-term memory inherent to glassy systems. The finding that a catastrophic 

mechanical instability can arise long after any deformation could have far reaching consequences for material 

processing and performance, and potentially also for delayed geophysical phenomena. 
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In this contribution, we investigate whether the rheology of plant proteins is following similar scaling rules, as 

recently found for maltodextrins. The aim is to construct master curves of the rheology measurements, such 

that in combination with the scaling rules, the rheology can also be extrapolated to relevant practical conditions, 

that are not accessible with rheometers. 

We have analysed 4 different plant proteins, which are currently used in the manufacturing of meat analogs, on 

which we have performed frequency and amplitude sweeps for a wide range of temperatures and moisture 

contents [1]. 

Surprisingly, the frequency sweeps show that for all investigated temperatures (90-140oC) and moisture 

contents (30-70%) the protein doughs show elastic (plateau zone) behaviour  for small strains and low 

frequencies, which maps on to a single master curve. Yet, the linear elastic (plateau) modulus (GN) is governed 

by the ratio of the (moisture dependent) glass transition temperature (Tg) and the actual processing temperature 

(Tg/T).  

Similar behaviour we have found using literature data on frequency sweeps for other fibrous proteins, like vital 

gluten, elastin, and resilin. Their rheological behaviour is in line with the Marin-Graessley model for transient 

networks. 

Furthermore, we have constructed master curves for the strain sweeps, characterized by a critical strain (cr) 

that is independent of moisture content and temperature. This implies that yield stresses will scale in a similar 

way to the plateau modulus (Y = GN cr). Beyond the critical strain, the protein dough is showing strain 

thinning behaviour. The strain thinning exponent is independent of temperature and moisture content.  

Also with use of literature data, we have found for pea protein a similar scaling exponent for shear thinning, 

strain thinning, and the moduli in the transition zone. This seems to confirm that plant protein doughs adhere 

to the Cox-Merz and Rutgers-Delaware rule, allowing translation to practical steady flow conditions as occur 

during manufacturing. 

The obtained rheological model is incorporated in a Lattice Boltzmann model, treating the protein dough as a 

Herschel-Bulkley fluid. The Lattice Boltzmann model is used to model the flow and temperature fields in a 

cooling die of an extruder, producing meat analogs. We will presented some first results of the model. 
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In nature, phase transitions of various nature are significant and often lead to abrupt changes in the 

macroscopic properties of the material. The main mechanisms, time and length scales of these transitions differ 

significantly depending on the material, despite the universality of the properties of substances in the fluctuation 

range of parameters. And for the viscoelastic phase separation (VPS), proposed in 2000 by Hajime Tanaka [1] for 

dynamically asymmetric mixtures, the questions of universality and scaling for larger systems are still open. At the 

same time, these issues are key when using the critical state of substances in the latest supercritical technologies 

[2], which confirms the relevance of studying such systems. 

Recently, we showed that a Tanaka-like transition takes place on a millimeter scale in a shaken mixture of 

steel and glass spheres, i.e. in a so-called ferrogranulate [3]. In the experiment, a flat vessel filled with a mixture of 

magnetized steel beads and glass beads is vibrated with high amplitude at 60Hz to preserve a gas phase. Next, it is 

quenched, and the agglomeration of magnetic spheres is followed optically. The experiment is accompanied by 

molecular dynamics computer simulations, where the complex magnetization of the macroscopic steel beads is 

modelled in a simple Stockmayer approach [3]. 

Using the magnetic nature of the slow steel component, in our work, we put forward a hypothesis: An 

applied magnetic field can alter the VPS and force the structural transitions in ferrogranulate to follow a different 

scenario, depending on the field direction/intensity. We find that if the field is aligned parallel to the vessel plane, 

chains and elongated clusters parallel to the field are favored. Connecting structures oriented perpendicular to the 

field tend to be suppressed, leading to an unknotting of the networks, that are observed at zero field [4]. 

In our investigations, we consider two quenching scenarios: in field and without. In the first case, the shaking 

amplitude, read the temperature in simulations is reduced at the same moment as an external (be that parallel to the 

layer or perpendicular to it) is switched on. Thus, the system relaxes immediately being exposed to the field. In the 

second scenario, reducing the amplitude, happens well before the field is applied. This way, the particles in the 

system have time to relax to equilibrium field-free structures.  

Importantly, we show that moderate field strengths lead to larger clusters at intermediate time intervals than 

in the case of weak and strong fields. Moreover, the latter tends to limit the overall growth of the clusters at longer 

time scales. Next, we performed experiments where the field is aligned perpendicular to the layer plane. In 

simulations, we see that there is a critical ratio between the applied field and the granulate temperature at which 

clusters get disintegrated entirely. The slow component assumes a hexatic phase in which the distance between steel 

beads is maximized. This is observed as well in the experiment.  

The analysis of the influence of the proposed scenarios on structural transitions in a ferromagnetic granulate 

under the action of an external magnetic field [3, 4], similar to the effect of a gravitational field on the properties of 

individual liquid systems near the critical point [5], makes it possible to determine the boundaries of the fluctuation 

region for ferrogranulate and to assume the universality the viscoelastic phase separation.  
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Odd viscosity is a transport coefficient that appears in systems with broken time-reversal and parity 

symmetries. Recently, the existence of the viscosity has been pointed out in biological systems such as 

membranes embedded with rotary proteins, and its hydrodynamic properties have been investigated from the 

perspective of active matter [1]. 

In this study, we discuss hydrodynamic forces acting on a two-dimensional liquid domain that moves 

laterally within a supported fluid membrane in the presence of odd viscosity [2]. Since active rotating proteins 

can accumulate inside the domain, we focus on the difference in odd viscosity between the inside and outside 

of the domain (See Fig.1). Considering the momentum leakage from a 2D incompressible fluid to the 

underlying substrate, we analytically obtain the fluid flow induced by the lateral domain motion and calculate 

the drag and lift forces acting on the moving liquid domain. In contrast to the passive case without odd 

viscosity, the lateral lift arises in the active case only when the in and out odd viscosities are different. The in-

out contrast in the odd viscosity leads to nonreciprocal hydrodynamic responses of an active liquid domain. 

 
FIGURE 1. A 2D fluid with odd viscosity, which is incompressible and supported by a rigid substrate. The 

finite odd viscosity reflects the presence of active proteins that accumulate inside the liquid domain. 
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Self-propelled particles, or so-called microswimmers, are capable of taking up energy from their local 

environment, and convert this into directed motion.  Their inherent autonomy leads to confounding out-of-

equilibrium behaviors, and capricious ways of interacting with boundaries and obstacles. Here we study how 

colloidal lattices self-assembled at a fluid-fluid interface can steer the dynamics of catalytic microswimmers 

hovering along the interface. We find that the microswimmers radically change their way of interacting with 

the obstacles upon an increase in fuel concentration. At low concentrations, the obstacles marginally affect the 

swimming dynamics by weakly scattering the microswimmers upon a collision event. At higher fuel 

concentration, we observe a transition, where the microswimmers start orbiting strongly around the obstacles 

along their path. Counterintuitively, this brings about a scenario where an increase in the amount of available 

fuel leads to a decrease in the efficiency of exploring space. 

 

 
FIGURE 1. Trajectory of a microswimmer swimming inside an colloidal array (white dots) in the presence of 5% fuel (left) and 

9% fuel (right). The trajectories are collor-coded according to the distance between the microswimmer and its nearest neighbour. 
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 Particles with sticky feet - or nanoscale caterpillars - in biological or artificial systems, beat the 

paradigm of standard diffusion to achieve complex functions. Some cells (like leucocytes) use ligand-receptor 

contacts (sticky feet) to crawl and roll along vessels. Sticky DNA (another type of sticky feet) is coated on 

colloids to design programmable interactions and self-assembly. Predicting the dynamics of such sticky motion 

is challenging since sticky events (attaching/detaching) often occur on very short time scales compared to the 

overall motion of the particle. Even understanding the equilibrium statistics of these systems (how many feet 

are attached in average) is largely uncharted. Yet, controlling the dynamics of such particles is critical to achieve 

these advanced functions -- for example facilitating rolling is critical for long-range alignment of DNA coated-

colloids crystals. Here we present advanced theory and experimental results on a model system. We rationalize 

what parameters control average feet attachment and how they can be compared to other existing systems. We 

investigate furthermore how various motion modes (rolling, sliding or skipping) may be favored over one 

another. 

 

 
FIGURE 1. Artistic representation of a nanocaterpillar, to scale, representing a 400nm colloid in diameter with DNA as hairy 

golden brushes.  
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After spilling coffee, a tell-tale stain is left by the drying droplet. This universal phenomenon, known 

as the “coffee ring effect”, is observed independent of the dispersed material. However, many technological 

processes such as coatings and ink-jet printing require a uniform particle deposition and the coffee ring effect 

is a major drawback [1].  

Here, we present a simple and versatile strategy to achieve homogeneous drying patterns by 

modifying the surface of the dispersed particles with surface-active polymers [2]. A particle dispersion is 

mixed with excess surface-active polymers (e.g. polyvinyl alcohol) (Figure 1a). The polymer partially 

adsorbs onto the particles and excess polymer is removed by centrifugation and redispersion (Figure 1a). 

While pure particle dispersions form a typical coffee ring (Figure 1b), the polymer-modified dispersions dry 

into a uniform particle deposit (Figure 1c). In this talk, I will discuss how the polymer coating prevents 

accumulation and pinning at the droplet edge and leads to a uniform particle deposition after drying.  

It should be highlighted that the presented method is independent of particle shape (e.g. spherical, 

ellipsoidal or ill-defined particle shapes) and is applicable to a variety of commercial pigment particles (e.g. 

hematite, goethite or titanium dioxide). Further, the method works for different dispersion media (e.g. aqueous, 

polar and apolar solvents), demonstrating the practicality of this work for everyday processes. 
 

 
 

FIGURE 1. Mitigating the coffee ring effect by surface modification of dispersed particles. a) Schematic illustration of the 

process. b,c) Drying behavior of a reference colloidal dispersion (b) and the same dispersion after modifying the particle surface 

with polyvinyl alcohol (c). Scale bar: 1 mm. 
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Colloidal molecules are promising building blocks for assembling larger structures, but their 

preparation in precise forms and sizes is challenging. Here, using experiment and simulation,  we show self-

assembly of colloidal molecules by exploiting geometric constraints imposed by particle shape and size. Using 

two different approaches, we create both flexible[1] and rigid colloidal molecules by assembling finite-sized 

clusters from spheres (S) and cubes (C). We prepare flexible colloidal molecules by the assembly of spheres 

and cubes functionalized with complementary DNA linkers that are mobile on the particle surface, and rigid 

colloidal molecules using oppositely charged spheres and cubes[2]. We obtained high yields of colloidal 

molecules with valencies (CSn) CS6, CS4, and CS2 depending on the size ratio of the sphere and cube. These 

colloidal molecules can be used as building blocks for assembling higher-order structures. 
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Aggregation and ordering in small alkane systems 
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Ordering of small alkanes (single-chain or few chain aggregates) differs drastically from the bulk one. 

The difference is not only quantitative but also qualitative: short-chain single alkanes fold at low temperatures 

into non-trivial structures [1] in contrast to fully-stretched-chain lamellae in bulk. For the few chain systems 

we demonstrate the leading role of torsional stiffness in the ordered structure formation and investigate the 

corresponding low-energy conformations, which vary from spirals to tilted lamellae. For the fully stretched 

chain lammelae we find a two-step ordering, the indications of which remain at least up to 16 chain aggregates. 

The typical temperature difference for the transitions is $\approx 10$~K. In contrast to the low-temperature 

ordering, the aggregation or liquid-vapor transition leads to similarly disordered structures for all system sizes, 

which allows correction of size effects and extrapolation of the estimated aggregation temperatures to the 

thermodynamic limit. Our calculations of aggregation/boiling temperatures at normal pressure are in good 

agreement with experimental data. The presented equilibrium results are based on Wang-Landau-type Monte 

Carlo simulations [2,3] of a chemically realistic united atom model [4]. 
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Self-assembly is a very common phenomenon used by nature to organize matter to create 

multifunctional and complex structures from molecular to macroscale1. Cellulose nanocrystals (CNCs), are 

charged anisotropic particles that can spontaneously assemble into left-handed chiral nematic structures2. 

Generally, the assembly of colloidal particles is a function of volume concentration, their shape factor and 

polydispersity in a suspension. While it is relatively easy to understand the main drivers of the self assembly 

through modelling these parameters, the lef-handed chirality and the origin of twisting the the CNC based self-

assembled systems are still debatable. To address this, we applied the concept of crowding factor (CF)3, a 

parameter defined by the combination of aspect ratio and volume concentration, to facilitate the chiral twist in 

CNCs’ self-assembly using a molecular dynamic coarse-grained methods with Gay-Berne potential.  

Through our modelling work, we investigate the implication of macromolecular crowding in a periodic 

system which contains symmetric ellipsoidal particles. Our current results indicate two key stages in ellipsoidal 

particle assembly; in the first stage, dissociated particles assemble into small pre-clusters. This is followed by, 

aggregation of the pre-clusters into larger bundles that indicate spontaneous formation of undirectional twist. 

Our statistical analysis confirms that the CF theory can be extended to low-aspect ratio particle systems. 

Furthermore, our modelling work demonstrates that two systems with same crowding factor are likely to yield 

the similar structure. Our further studies on high CF media shows that initial small clusters form at early stage 

induce a twist in these structures that non-selectively forms a chiral structure, due to lack of centre of chirality 

in pure ellipsoidal geometry. 

 
FIGURE 1. The assembly process of ellipsoidal systems. (a) Random initial model. (b) Formation of small preclusters. 

(c) Aggregation of pre-clusters into large bundles. (d) Final nematic structure. 
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The main direction in the current generation of contrast agents is based on the use of biocompatible 

matrices. Variation of the material’s morphology, chemical composition, generally through doping, allows 

obtaining multifunctional nanoparticles with potential application in modern biomedicine, including magnetic 

resonance imaging (MRI). ZnO is well-known semiconductor oxide with broad application in biomedicine. 

Due to unique physico-chemical properties, ZnO is widely used as biomarkers, antibacterial agents, drug 

carriers, and so on [1]. At the same time, the wide band gap of ZnO allows to incorporate of different types of 

impurities to obtain materials with new characteristics. Gd-based materials due to the high magnetic moment 

of Gd, are one of the two most popular contrast agents (another one is iron oxide) used in MRI [2].  

The main goal of the present study is the simple wet chemistry synthesis of pristine ZnO nanoparticles 

and ZnO doped with a broad concentration range of Gd3+ ions (1-7 %), a study of their physico-chemical 

characteristics for potential use as contrast agents for MRI.  

Results showed that obtained ZnO and ZnO:Gd3+ nanoparticles (size ~6 nm) are highly crystalline and 

monodispersed. Zeta potential studies showed that obtained ZnO and ZnO:Gd3+ nanoparticles have high 

colloidal stability (25.0 and 27.5 mV, correspondingly). Luminescent studies showed, that ZnO is an ideal 

matrix for the incorporation of Gd3+ ions in a broad concentration range with an efficient green luminescence. 

The biological study showed that pristine ZnO, as well as ZnO:Gd nanoparticles are biocompatible in a broad 

concentration range toward normal cell lines. The studies of relaxivity showed that ZnO:Gd with an optimal 

5% of Gd3+ could be used as potential contrast agents for magnetic resonance imaging. 
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Hydroxypropyl cellulose (HPC) is a water-soluble, cost-effective, and highly biocompatible cellulose 

derivative. As a lyotropic liquid crystalline (LC) polymer, HPC self-assembles into cholesteric mesophases in 

concentrated aqueous solutions. The cholesteric phase gives rise to Bragg‐like reflection of right-handed circularly 

polarized light at specific wavelengths that range from IR to UV.[1] These properties can therefore be used to 

manufacture optically active materials.[2] We prepare such materials by 3-d printing of a chemically modified HPC. 

While HPC already exhibits a first degree of ordering due to the cholesteric structure, 3-d printing allows for the 

reconformation of the cholesteric layers. This reconformation in turn allows for the ordering of spontaneous 

Helfrich-Hurault wrinkling, yielding a two-level hierarchy.[3] Such wrinkling has been previously reported, but 

only in a random distribution. The introduction of two-degree order in the structure provides an opportunity to 

manufacture green optical materials with controllable angle-dependence. In this talk, I will explain the formation 

of the cholesteric phases of cellulose and our hypothesis on how the second degree of structural conformation can 

be induced during 3-d printing. 

 

 
FIGURE 1. SEM images of single filament 3-d printed HPC sample. a) right half of filament showing distinct zones and flow,  

b) high magnification image of the ordered zone in the filament showing wrinkles supported by substrate interaction 
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Gas vesicles are produced in bacteria to achieve cellular buoyancy. These air-filled protein 

nanostructures have been genetically encoded in cells to serve as a contrast agent for ultrasound imaging and 

as a cell-killing agent by inertia-induced cavitation. To study their mechanical properties, they must be formed 

on a larger scale. Here, we report the formation and properties of microbubbles encapsulating perfluoro-n-

butane and coated with hydrophobic surface-active proteins adsorbed on their surface. We use the micropipette 

aspiration technique [1, 2] to study their surface tension and viscoelastic properties. The main difference with 

liquid drops is that the surface tension increases with the stretching of the interfacial film. We also observe that 

these stabilized microbubbles do not relax into a sphere, but present a remanent deformation after suction, like 

glassy polymersomes or vesicles, and only deform above a yield stress. We develop a model to analyze the 

suction of these compressible coated bubbles and compare it to incompressible liquid-filled capsules [3].  

We demonstrate three new features. First, as the bubble is sucked into the pipette, the membrane tension 

increases with the length L of the tongue, inducing a huge Laplace pressure and a contraction of the bubble 

relaxing the tension. The net result is an increase in the stationary length of the tongue. Second, the aspirated 

bubble does not reach a stationary state, and the length of the tongue increases at constant velocity. This is 

interpreted by a leak-out of the gas through the porous membrane. Our main result is the introduction of a 

sealing parameter Q. If Q is large, the stationary tension of the membrane is given by Laplace's law, but if Q 

is small, the stationary tension is much smaller and drops as Q. This regime has never been observed with lipid 

membranes decorated with protein pores. Third, if the suction pressure is less than the yield point of the protein 

coating, the capsule remains rigid and a long tongue of gas is extracted at high velocity from the rigid bubble 

above a Laplace pressure threshold 2γ/Rp, where γ is the average surface tension that does not depend on the 

tongue length.  

Using this model, we can determine the elastic modulus, surface viscosity, and porosity of the 

membrane from the internal fluid leakage under suction. These results extend the use of the pipette aspiration 

technique to compressible and glassy gas vesicles. They highlight the possibility of using engineered bubbles 

for echogenic applications and therapeutic techniques. 
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 Confinement is essential for the function of the cell, with organelles relying on this mechanism to 

produce their folded internal structure [1]. We study computationally the energy landscapes of membrane 

vesicles under non-spherical confinement, using the Helfrich bending energy model implemented in Surface 

Evolver. By varying the dimensions of the confinements, the spontaneous curvature of the vesicles and the 

volume ratio of the vesicles to the confinements we determine the stable vesicle morphologies and their relative 

energies. We observe a total of four different stable vesicle morphologies under spherocylindrical confinement 

and two different stable morphologies under oblate confinement. The different vesicle morphologies were 

distinguished from each other by their symmetries and compared to the existing vesicle morphologies found 

under spherical confinement.  Understanding these energy landscapes will inform how we describe the internal 

structure of the cell.  

 
FIGURE 1. Vesicle morphologies at a length to radius ratio of 4. The relative volume of the vesicle to the confinement and 

spontaneous curvature are varied. (a) Four global minima plotted, one of each morphology: Elliptocyte (Magenta); Invagination 

(Black); Non-axis-symmetric Dumbbell (Orange); Axis-symmetric Dumbbell (Blue). (b) Phase diagram describing the 

morphology of the global minimum for a given volume ratio and spontaneous curvature. The squares surround the data points 

shown in (a). (c) Vesicle energy as a function of volume ratio at zero spontaneous curvature. (d) Vesicle energy as a function of 

spontaneous curvature at  a volume ratio of 0.7. 
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 The eukaryotic cell nucleus is a self-organized structure mostly made from chromatin, where the genetic 

information is stored, and the transcription to mRNA takes place. The cell is under constant effort to keep 

homeostasis and equilibrium between all the required molecules and between the compartments. The 

disturbance of this equilibrium in the nucleus by any exogenous molecules must be adjusted to allow normal 

cell functioning. Herein, we showed the quantitative determination of the cell answer to introducing various 

types (sequences and lengths) of external ssDNA oligonucleotides to the nucleus. We have used random 

sequences, polyA ssDNA since polyadenylation is a part of mRNA maturation, and opposed samples based on 

polyT. Each of the sequences should target different proteins in the nucleus. 

 

 
FIGURE 1. Representative curves showing the removal kinetics of different types of exogenous oligonucleotides in the cell 

nucleus determined by fluorescence correlation spectroscopy (FCS). 
 

For all these single-strand DNA molecules, we determine the characteristic times required to leave the 

nucleus after being injected. Surprisingly, these times (50 - 250 minutes) are an order of magnitude longer than 

the time necessary to visit the entire nucleus due to Brownian motion. We found that the organization of the 

nucleus, specifically the probability of finding a nuclear pore complex (NPC), is a crucial parameter in this 

process. In addition, we will show how to characterize interactions on the example of single-strand DNA 

combining recent results with the previous quantitative description of nano-objects mobility in the nucleoplasm 

of cancerous cells [1]. 
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 Nanoparticles (NPs) are innovative materials with sizes in the 1-100 nm range. Their unique shape, 

size, optical properties and reactivity make them excellent candidates for various medicine applications such 

as cancer therapy, imaging, drug delivery, antibacterial therapy, and protein aggregation induction/inhibition 

[1].  

When NPs are exposed to biological fluids, they get coated with proteins present in the solution, forming 

a layer called protein corona [2]. Thus, the behaviour of NPs in a biological environment is governed by the 

corona composition, that – combined with the intrinsic molecular crowding  of the medium [3] – affects the 

biological identity, transport, diffusion and pharmacokinetics properties of the nanomaterial. So far, the 

transport properties of NPs in crowded solutions have been poorly investigated and the information available 

is often contradictory.  

In this work, the effect of the protein corona on the diffusion of NPs in crowded media is studied by the 

use of Coarse-Grained Brownian Dynamics simulations in which NPs and proteins are represented by single 

spheres. The influence of the size of the protein corona on the diffusion of the NP is analysed by studying three 

protein corona compositions. All simulations were performed in a box that contained spheres of different sizes’ 

modelling plasma proteins and representing the crowded environment. The total volume fraction was fixed to 

0.3 and only volumen exclusion interactions between particles were used. The simulation results show how the 

diffusion coefficient in the long-time regime is affected by the different compositions of the protein corona.  

 
FIGURE 1. Illustration of the modelled systems used in this work: NP with (a) protein corona formed by large proteins, (b) corona 

formed by medium proteins, (c) corona formed by small proteins, and (d) the simulation box representing the 10 most abundant 

plasma protein. 
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 The mixing of fluids at the microscopic scale is a notoriously complicated problem due to flow 

reversibility at low Reynolds numbers. Different approaches have been used in the past, such as micromixers 

shaped in specific ways to induce chaotic flow curves, or passive particles under shear. 

In this poster, I describe our efforts to mix fluids with a model active matter: Quincke rollers. They are 

micron sized insulating spheres that, when immersed in a conductive fluid and subjected to an external electric 

field, spontaneously rotate (see Fig. 1). Since they are settled on the bottom of a microfluidic cell, this rotation 

converts into a translation that can reach speeds of about 1 mm/s. 

We are building an experimental system that will allow us to track the Quincke rollers while 

simultaneously characterizing the fluid mixing. By first characterizing the effect of a single roller as it stretches 

the fluid, then considering the system as a whole, we hope to show that the mixing dynamics are greatly 

enhanced by the particles movement. An order of magnitude calculation shows that the Quincke rollers could 

divide the mixing time by at least 200 when compared to a purely diffusive case.  

 
FIGURE 1. Mechanism of the Quincke effect. When a DC electric field is applied across a slightly conductive liquid, an immersed 

dielectric sphere acquires a dipole moment antiparallel to the field. This unstable situation causes the sphere to rotate at a speed 

set by the balance of charge advection and viscous dissipation. 
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Enzymatic conversion of lignocellulosic biomass is an essential operation in biorefinery approaches for 

the production of biofuels and other valuable chemicals. However, they are difficult to optimise due to the 

variability and heterogeneity of the substrate. Thus, it requires a detailed understanding of the underlying 

molecular mechanisms of the process involving multidisciplinary approaches, including advanced 

computational tools. We present a stochastic computational model that simulates the enzymatic digestion of a 

lignocellulose microfibril in three dimensions. The cell wall microfibril is composed of a cellulose core 

surrounded by hemicellulose and lignin, with various relative abundances and arrangements. This substrate is 

subjected to enzymatic digestion by a cocktail of cellulases and xylanases. The process is simulated in silico 

by a procedure based on Gillespie’s algorithm. Our model highlights the synergistic action of the various 

enzymes in digesting the different biopolymers in the microfibril. It also demonstrates that increasing substrate 

lignin content or crystallinity has a detrimental effect on sugar conversion. In addition, the model also validates 

the importance of considering the crystalline properties of both cellulose and xylose in addition to the 

composition of the substrate in order to interpret experimental saccharification data. Apart from the stochastic 

model, we also implement a fitting algorithm which allows us to optimise the parameters for the simulation 

runs to reproduce experimental saccharification time courses for various materials.  

 

 
FIGURE 1. Experimental data (dotted lines) and best simulation fits of the saccharification time courses for 

three different pre-treatment severities for corn stover material. Experimental data shown here are from Bura 

et al [2] 
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 When a liquid droplet comes near a super-heated surface, vaporization can become sufficient to cause 

the drop to levitate—this is the Leidenfrost effect [1]. Vaporizable soft solids, e.g., hydrogels, can also exhibit 

levitation [2], but additionally a sustained bouncing effect [3]. The interplay of elasticity and vapor pressure is 

essential for these behaviors, but the nature of this interaction is not fully understood.  

We will use high-speed interferometric imaging [4] (Figure 1) to measure the 2D height profile underneath 

floating and bouncing hydrogels. In addition, we will probe for contact with total internal reflection imaging, 

allowing us to demarcate the transition between the two.  

 
 

FIGURE 1.  Sketch of the high-speed interferometric imaging setup. 
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 Typical bodily and environmental fluids encountered by biological swimmers consist of dissolved 

macromolecules such as proteins or polymers, rendering them even non-Newtonian at times. Active droplets 

mimic the essential propulsive characteristics of several biological swimmers, and serve as ideal model systems 

to widen our understanding of their locomotive strategies. Here, we investigate the motion of a micellar 

solubilization induced swimming oil droplet in an aqueous medium consisting of polymers as macromolecular 

solutes. Experiments reveal extreme sensitivity of the droplet motion to the presence of macromolecules in its 

ambient medium. Through in-situ visualization of the self-generated chemical field around the droplet, we 

notice unexpectedly high diffusivity of the filled micelles in the presence of high molecular weight polymeric 

solutes. This highlights the breakdown of continuum approximation due to a significant size difference between 

the macromolecular solutes and the micelles. A modified and robust Peclet number framework is proposed that 

successfully captures the transition from smooth to jittery mode of propulsion for both molecular and 

macromolecular solutes. With an increase in macromolecular solute concentration, particle image velocimetry 

reveals another mode-switching from the conventional pusher mode to puller mode of propulsion, 

characterized by a more persistent droplet motion. By doping the ambient medium with suitable choice of 

macromolecules, our experiments unveil a novel route to orchestrate complex transitions in active droplet 

propulsion. 
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 If two electrically neutral materials are brought into contact, an exchange of charge can occur. This 

effect is called tribocharging and has been known for over 2500 years [1], yet it is still poorly understood. 

Perhaps the most important unresolved issue is the unknown identity of the charge-carrier itself. While it is 

often assumed that the carriers are electrons, they could also be ions, and different experiments in different 

circumstances provide suggestive evidence for both cases. [2]. 

In order to address this fundamental issue, we are building an experiment whose aim is to clearly 

identify the carrier responsible for tribocharging. We perform tribocharging experiments with insulating 

samples in vacuum. After contact and charge exchange, we heat one sample near the entrance to a single-charge 

sensitive quadrupole mass spectrometer (QMS), which can measure ionic charges leaving the sample in real 

time and with single ion sensitivity. Simultaneously, a charge measurement with a Faraday cup is used to cross 

check the QMS measurement. If the charge leaving the sample corresponds to the amount of ions detected by 

the QMS, the ions in question can be identified. In the case of no particle detection a charge exchange through 

electrons is strongly suggested.  
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Inspired by the cellular design of plant tissue, we present an approach to make versatile, tough, highly 

water-swelling composites. We embed highly swelling hydrogel particles inside tough, water-permeable, 

elastomeric matrices. The resulting composites, which we call hydroelastomers, combine the properties of their 

parent phases. From their hydrogel component, the composites inherit the ability to highly swell in water. From 

the elastomeric component, the composites inherit excellent stretchability and fracture toughness, while 

showing little softening as they swell. Indeed, the fracture properties of the composite match those of the best-

performing, tough hydrogels. Our composites are straightforward to fabricate, based on widely-available 

materials, and can easily be molded or extruded to form shapes with complex swelling geometries. 

Furthermore, there is a large design space available for making hydroelastomers, since one can use any 

hydrogel as the dispersed phase in the composite, including hydrogels with stimuli-responsiveness. These 

features make hydroelastomers excellent candidates for use in soft robotics and swelling-based actuation, or as 

shape-morphing materials, while also being useful as hydrogel replacements in other fields. 
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The curvature of elongated microscopic building blocks plays an essential role in their function and 

self-assembly into hierarchical materials. Particular interest has been focused on banana-shaped molecules due 

to their remarkable self-assembly into a wide range of liquid crystal phases with unique properties, such as 

supra-molecular chirality and polarity [1]. However, experimentally studying how and why these phases form 

at the molecular level has remained a challenge due to extremely fast and small scales involved in molecular 

systems. This is where analogous colloidal model systems have proven their undeniable strengths: their 

structural details can be directly visualized using optical microscopy. However, smoothly curved colloidal rods 

have to date simply been absent from the colloidal palette.  

In this work, we develop colloidal banana-shaped particles whose structure and dynamics are accessible 

at the particle level using confocal microscopy [2]. Our powerful, yet simple bulk synthesis method is based 

on the buckling of initially straight SU-8 rods [3] by applying heat. Crucially, both the dimensions and 

curvature of the ‘colloidal bananas’ can be precisely tuned by controlling the rigidity of the rods before the 

heating step, which is of key importance for their self-assembly behaviour. Using confocal microscopy, we 

elucidate the full phase behaviour of differently curved colloidal bananas: while highly curved bananas only 

form isotropic phases, less curved bananas exhibit very rich phases including biaxial nematic, polar and 

antipolar smectic-like phases, and even the elusive and long-sought splay-bend nematic phase, whose very 

existence is finally experimentally established more than four decades after its first theoretical prediction. 

Finally, we explore the self-assembly of highly polydisperse bananas, and show their remarkable self-assembly 

into quasi-2D colloidal vortex phases [4]. 
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Over the last years magnetic resonance imaging (MRI) has become one of the most powerful imaging 

techniques mainly due to its non-invasiveness, non-ionizing radiation and high spatial resolution. In order to 

further improve sensitivity of MRI, the new contrast agents (CA) based on MnO have been developed. So far 

recognized limitations of using manganese as contrast agent are related to Mn ions toxicity. This could be 

overcome by using lipid liquid crystalline nanoparticles (LLCNPs) as carriers.  

In our study, we performed the measurements of physicochemical parameters of obtained MnO labelled 

LLCNPs with respect to cryo-TEM, DLS and zeta potential. Next, we analyzed cyto- and geno-toxicity of 

obtained formulations in LN229 and U251MG cells. Moreover, we assessed the impact of LLCNPs on 

cytoskeletal integrity by performing immunostaining and gene expression analysis. Finally, we investigated 

whether LLCNPs affect mitochondrial membrane potential in cells using JC1 staining.  

Our results indicate that MnO labelled LLCNPs are not toxic towards the glioblastoma cells lines and could be 

used a contrast agent.  
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Peripheral nerve damage is a common clinical complication of traumatic injury especially occurring 

after the accident and it leads to sensory and motor function failures by interruption of signaling pathways. The 

gold standard of treatment for peripheral nerve gaps is the autologous nerve graft. Nevertheless, autologous 

grafting has many disadvantages, including limited availability, and the loss of native function and neuroma 

formation [1]. Nerve conduits are alternatives to standard autografts, and their advantages are broad 

availability, avoiding sacrificing donors. A nerve conduit is a tubular structure made of synthetic or biological 

materials designed to bridge the sectioned nerve gap [2]. Here we studied the biological effect of 3D printed 

polycaprolactone (PCL) and hyaluronic acid (HA) based hydrogels. Previously we showed PCL with 

topographical cues and stiffness promotes morphological changes in the cells of neuronal origin [3], while HA 

hydrogels are well-known promising candidates for neural tissue engineering because of its unique biological 

functions. 

This study investigates the effects of the maturation of rat dorsal-root ganglion (DRG) neurons and 

human neural cells (SH-SY5Y) seeded into PCL/HA-based biomaterial constructs on cell maturation as a first 

step toward a peripheral nerve damage treatment. Maturation of DRG neurons was confirmed by the detection 

of markers characteristic for neural differentiation by immunocytochemical methods (ICC) and quantitative 

real-time PCR (qPCR). We demonstrate a patterned composite conduit which could be a potential alternative 

to nerve grafting in peripheral nerve regeneration in the future.   
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Bis-MPA PEG linear dendritic hyperbranched polymers feature a PEG core, which aids the water 

solubility, posses a high degree of functionality for each PEG chain and are biodegrable and have low 

cytotoxicity. Therefore, they offer a multi-functional material, which can be a good choice for theranostic 

nanocarriers next to other biological research applications [1]. The cost-efficient alternative to those 

dendronised polymers are Bis-MPA PEG hyperbranched pseudodendrimers (HPD), which are worth 

reseraching. These HPD posess the same general structure as the dendritic PEGs, however the dendritic wedges 

are assembled randomly, resulting in the same number of functional endgroups, but not the same level of 

structural control (Fig. 1). 

The aim of this work was to investigate the potential of Bis-MPA hyperbranched pseudodendrimers for 

therapuetic and diagnostic agent delivery. For this purpose different HPD representing systems composed of 

branching units 2,2-bis(methylol)propionic acid (bis-MPA), two different polyethylene glycol (PEG) core size 

(MW: 6 kDa and 10 kDa),  and 3 different generations (G4, G5 and G6) were chosen. Firstly HPD were 

subjected to the characterization of thermal behavior with thermogravimetric analysis (TGA) and differential 

scanning calorymetry (DSC). Parameters, such as melting and crystallization tempearture (Tm, Tc), but also in 

some cases glass transitions temparture (Tg) were determined, indicating complexity of investigated HPD 

systems. Further the NMR high resolution studies were performed to confirm the structure of HPD. Considered 

nanocarriers are expected to be used either in the form of pseudodendrimers as such, or in the form of micelles. 

Micelles were formed by the dissolution method and the critical micelle concentration (CMC) was determined. 

The molecular nanoassembly formation was confirmed with the hydrodynamic particle size and polydispersity 

index measurements (D, PDI) and additionally the zeta potential and diffusion coefficients were determined. 

Obtained results indicated the potential of these HPD for the foreseen theranostic nanocarrier application. 

 

 
FIGURE 1. Schematic representation of investigated Bis-MPA hyperbranched pseudodendrimers with PEG core: generation 4 

(G4) and 6 (G6). 
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Cardiac tissue damage due to myocardial infarction (MI) is one of the leading causes of mortality 

worldwide. Injectable hydrogels have emerged as a promising approach for cardiac repair in regenerative 

medicine. Ideally, injectable hydrogels should be biocompatible, biodegradable, and bioresorbable to prevent 

triggering an immune response. In recent years, numerous injectable hydrogels have been developed and many 

of them have been tried for application in cardiac repair after MI. However, to date, the clinical application of 

injectable hydrogels in repair or regeneration of post-MI-heart has not been realized. 

Graphene is an allotrope of carbon consisting of a single layer of atoms arranged in a two-dimensional 

honeycomb lattice nanostructure. With excellent mechanical, electrical, and thermal properties, graphene is the 

ideal filler for polymer-based nanocomposites. A hydrogel is a crosslinked hydrophilic polymer with three 

dimensional network structure. Graphene has exhibited unique advantages in significantly improving the 

combination properties of traditional polymer hydrogels. Graphene in hydrogels plays two roles: the gelator to 

self-assemble into the hydrogels, and the filler to blend with small molecules and macromolecules for the 

preparation of multifunctional hydrogels (graphene-based hydrogels (GBH)) [2] and the second approach is 

within the scope of our interests. We exploited graphene oxide (GO) as nanofiller to design hybrid injectable 

hydrogels. Exfoliation of GO sheets from graphite generally results in exposing of numerous functional 

moieties such as carboxylic and carbonyl groups present in the structure of GO, which givethe hydrophilic 

character of GO. 

The water-rich GBH is similar to natural soft tissues, in inaddition to the high conductivity, good 

mechanical strength, favorable biocompatibility, and the non-covalent bonds between GO and polymer. 

PNIPAM, the hydrogel key polymer used herein, exhibits a volume phase transition (VPT) at 

temperatures around 32 ◦C. The hydrogel network is swollen with water below the VPT temperature (VPTT) 

and expels the solvent when heated above [3]. Typically, PNIPAM hydrogels are cross-linked with N,N-

methylenebis(acrylamide) (BIS) of various amounts tuning the viscoelastic properties of the hydrogel. 

We synthesized and characterized a conductive biodegradable hydrogel by incorporating graphene 

oxide (GO) into PNIPAM. In this study we exploited GO as nanofiller to design hybrid injectable hydrogels 

for MI.   
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Nitric oxide (NO) plays an important role in living organisms. Physiological concentrations of NO in 

endothelial cells are typically in the nanomolar (nM) range. In order to detect NO molecules in living cells 

optical microscopy methods are required such as fluorescence correlation spectroscopy (FCS). Using the 

fluorescent NO indicator, diaminofluorescin (DAF), we measured the NO concentrations in NO-producing 

living human primary endothelial cells, as well as NO delivery kinetics by an external NO donor to the 

immortal human epithelial living cells. Thanks to high spatial resolution of FCS it was possible to measure NO 

concentration in different parts of the cell. Comparing the kinetics of DAF conversion to fluorescent form in 

cells and in PBS solutions we found that it is much faster in living cells, though the conversion to the fluorescent 

form is a multi-step reaction in this case. 
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Phytoplankton are photosynthetic microorganisms that form the base of most aquatic food webs. Many 

species are motile, and migrate directionally via gravitaxis, the movement in response to gravity [1]. The ability 

of gravitactic phytoplankton to shuttle periodically between the light-rich upper ocean layers during the day 

time, and nutrient-replete deeper oceans at night, is called diel vertical migration (DVM). DVM is attributed 

to the internal circadian clock, yet species are often expeosed to environmental perturbations (e.g., turbulence 

or nutrient limitations), thus necessitating migratory decision making [2]. Yet, to date the possibility of decision 

making influencing – or even disrupting – DVM-driven migration has been overlooked. To bridge this gap, we 

combine single-cell and population-scale experiments, and mathematical modeling to reveal that–at a given 

instance during the day-night cycle– the population distributes as co-existing sub-populations, visualized as 

bimodal distribution of cells at the top and bottom regions of a vertical chamber. The sub-populations show 

opposite diel migratory trends, and exposing one sub-population to its opposite counterpart positioned 

physically apart, we observe a repulsive migration indicating the (chemical) environment itself differs across 

the vertical. Morphological analyses of the top and bottom sub-populations confirm their migratory traits 

(motility and swimming stability), confirmed further by a model of cell mechanics. Our results suggest that 

functionally equivalent but behaviorally distinct sub-populations can emerge in motile phytoplankton due to 

morphological changes, leading to contrasting vertical distributions predicted in the framework of the circadian 

clock. These results could have far-reaching ramifications in modeling fitness and adaptation of phytoplankton, 

accounting for the alternative decision-making ability.  
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Flagellated microswimmers are ubiquitous in natural habitats. Understanding the hydrodynamic 

behavior of these cells is of paramount interest, owing to their applications in bio-medical engineering and 

disease spreading. Since last two decades, computational efforts have been continuously improved to 

accurately capture the complex hydrodynamic behavior of these model systems. However, fully resolved 

modeling of the dynamics of such microswimmers is computationally expensive due to small time-steps. In 

this work we propose a method: mapping of flagellated microswimmers to phoretic particles to reduce the 

computational cost. Phoretic swimmers are modeled as rigid particles discretized using spherical blobs. Under 

the assumption of Stokes flow, we solve the mobility problem using Rotne-Prager-Yamakawa (RPY) tensor at 

a blob level [1][2]. Using our mapped phoretic particle, we reproduce the hydrodynamic flow behavior of 

flagellated swimmers in the bulk. We also validate the swimming patterns (circles and bound states) near a no-

slip boundary [3][4]. Furthermore, we investigate the scattering dynamics of a microswimmer with a spherical 

obstacle of different sizes to understand the trapping behavior in terms of scattering angles [5]. Finally, we 

compare the hydrodynamic flow fields from our phoretic particle with ciliated paramecium modeled using 

boundary integral method [6]. In future, we would like extend our phoretic particle model to study the collective 

behavior and bio-film formation.  
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 Single-chain nanoparticles (SCNPs) are soft nano-objects made by purely intramolecular cross-linking, 

which are achieved either through covalent (irreversible) or non-covalent (reversible) interactions and have 

potential applications in catalysis, nano-medicine or rheology modifying agents, among others [1]. Standard 

synthesis routes produce SCNPs with sparse topologies. This is a consequence of the self-avoiding character 

of the precursors in good solvent, which promotes the formation of internal short loops, while the formed long 

loops are insufficient to achieve compaction of the resulting SCNP. Recently, amphiphilic co-polymers have 

been studied extensively in selective and good solvents owing to their autonomous self-folding [2,3]. An 

adequate balance of the two kind of units (hydrophobic and hydrophilic) of the co-polymer leads to collapse 

into a globular structure with an hydrophobic core protected by an hydrophilic shell. This structure can be 

potentially exploited, through irreversibly cross-linking of the core, to produce SCNPs with intrinsically 

globular topology. With these ideas in mind, by means of fully atomistic molecular dynamics simulations with 

AMBER [4], we produced globular SCNPs based on a random copolymer: poly(OEGMA-co-AEMA). The 

precursor chain adopts self-avoiding conformations in tetrahydrofuran (THF), which is a good solvent for both 

co-monomers, while it collapses into a core-shell globule in water due to the hydrophobic character of the 

AEMA units [3,5,6]. The novel aspect of our in-silico study is the creation of a SCNP through irreversibly 

cross-linking of the end groups of AEMA units in the collapsed state in water. After completing cross-linking, 

the SCNP is transferred to THF, where it loses the segregation of the AEMA and OEGMA units found in water, 

but retains the globular shape due to the permanent cross-links between AEMA units. We corroborate our 

observations by direct computation of structural properties as asphericity and form factors, determination of 

scaling exponents in the fractal regime, and the solvent accessible surface area. Our study paves the way to 

solvent-based tuning of SCNPs' architecture for better addressing their applications in catalysis and drug-

delivery [3].  

 

Acknowledgments 

We acknowledge PID2021-123438NB-I00 funded by MCIN/AEI/10.13039/501100011033 and by “ERDF A 

way of making Europe”. 

 

References 

[1] E. Verde-Sesto et al., Mater. Horiz. 7 (2020) 2292. 

[2] B. Robles-Hernández et al., Soft Matter 16 (2020) 9738. 

[3] S. Basasoro et al., Macromol. Rapid Commun. 37 (2016) 1060. 

[4] D.A. Case, et al., 2014, AMBER 14, University of California, San Francisco. 

[5] E. Guazzelli et al., Polymer 161 (2019) 33. 

 

 

 

 



POSTERS 

149 

 

Applying macromolecular crowding models to simulations of cellulose 

nanocrystals assembly 

 

Jiaxin Houa,b, William Sampsona and Ahu Gumrah Dumanli a,b 
 

a Department of Materials, The University of Manchester, Manchester, M13 9PL, UK 

b Henry Royce Institute, The University of Manchester, Oxford Road, Manchester, M13 9PL, 

UK 

 

 

Self-assembly is a very common phenomenon used by nature to organize matter to create 

multifunctional and complex structures from molecular to macroscale1. Cellulose nanocrystals (CNCs), are 

charged anisotropic particles that can spontaneously assemble into left-handed chiral nematic structures2. 

Generally, the assembly of colloidal particles is a function of volume concentration, their shape factor and 

polydispersity in a suspension. While it is relatively easy to understand the main drivers of the self assembly 

through modelling these parameters, the lef-handed chirality and the origin of twisting the the CNC based self-

assembled systems are still debatable. To address this, we applied the concept of crowding factor (CF)3, a 

parameter defined by the combination of aspect ratio and volume concentration, to facilitate the chiral twist in 

CNCs’ self-assembly using a molecular dynamic coarse-grained methods with Gay-Berne potential. 

Through our modelling work, we investigate the implication of macromolecular crowding in a periodic 

system which contains symmetric ellipsoidal particles. Our current results indicate two key stages in ellipsoidal 

particle assembly; in the first stage, dissociated particles assemble into small pre-clusters. This is followed by, 

aggregation of the pre-clusters into larger bundles that indicate spontaneous formation of undirectional twist. 

Our statistical analysis confirms that the CF theory can be extended to low-aspect ratio particle systems. 

Furthermore, our modelling work demonstrates that two systems with same crowding factor are likely to yield 

the similar structure. Our further studies on high CF media shows that initial small clusters form at early stage 

induce a twist in these structures that non-selectively forms a chiral structure, due to lack of centre of chirality 

in pure ellipsoidal geometry. 

 

 
FIGURE 1. The assembly process of ellipsoidal systems. (a) Random initial model. (b) Formation of small preclusters. 

(c) Aggregation of pre-clusters into large bundles. (d) Final nematic structure. 
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The active matter systems feature the perpetual conversion of chemical energy or other forms of energy 

into mechanical motion that drives the system out-of-equilibrium [1]. In the biological context, the active 

matter system spans all the length scales of living organisms, from bacterial colonies , sperm cells, self-

organising bio-polymers such as microtubles and actin to the school of fish, the flock of birds, human crowds 

etc., which ranges from microscopic length scale to macroscopic [2, 3] . There are many applications such as 

transportation of materials, targeted drug delivery, flagellar motion shown by cilia and flagella, collective 

behaviour, pattern formation during motion etc., where self-propulsion is essential. Microtubule filaments are 

an important active polymer where the motor protein (kinesin) make use of chemical energy derived from the 

hydrolysis of adenosine triphosphate (ATP) to induce the conformational changes, which then leads to its 

motion on microtuble [4] . These examples help us to gain an understanding about the modelling of active 

matter (or self-propulsion) systems. In this work, we are interested in studying one particular branch of such 

active systems, that is the active polymer which exhibits various interesting dynamics like self-propulsion, 

swelling, shrinkage, loop formation, spontaneous oscillation, spiral formations, enhanced diffusion etc [5, 6, 

7]. 

In our study, we investigate the structural and dynamical properties of a chemically active flexible 

polymer chain immersed in a solvent bath by using hybrid simulation techniques in a three-dimensional space 

[8]. The source of activity on the polymer is the self-generating, nonequilibrium solvent gradient caused by the 

chemical reaction at different sites on the polymer. The chemical gradient then leads to the generation of the 

local tangential force along the filament. Here we present the effect of activity on the configurational dynamics 

of a flexible chain emphasizing globulelike transformation at the higher activity. Particular attention is paid to 

how the radius of gyration (Rg) changes with the activity. We find that the polymer undergoes a coil-to-globule-

like transition with increasing active force. Decreasing the Flory scaling exponent of Rg, the correlation of the 

end-to-end vector and radial distribution of the monomers around the filament quantifies this transition. We 

also analyze the motion of a polymer and its center of mass in terms of time-averaged mean-squared 

displacement (MSD). The superdiffusive motion of the active flexible polymer reverts to random walk at a 

long time scale with an enhanced diffusion, where the scaling of the diffusion coefficient is the same as the 

Zimm model [9]. 
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 Gain controll over the gold nanostructures assembly remains an important challenge in nanotechnology, 

in particular in the photonics and the plasmonics. In order to fabricate well ordered gold nanostructures we 

employed block copolymer lithography combined with electron-beam physical vapour deposition. Initially, the 

poly(styrene-b-ethylene oxide) PS-PEO thin film was spincasted onto thermally reconstructed sapphire 

substrate and subsequently solvent vapour annealed to get the long-range order of hexagonaly oriented 

cylindrical domains, oriented perpendicular with respect to the film surface [1]. Afterwards, the reactive ion 

etching was applied to modify the polymer film surface. Different plasma etching conditions led to the 

development of various surface topographies. Finally, a thin gold layer was deposited using the PREVAC ultra-

high vacuum electron beam evaporation system. Samples topography was monitored using atomic force 

microscopy. 

 
FIGURE 1. top) schematically shown subsequent fabrication stages, bottom) AFM images representing each fabrication stage.  
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Probing the translational and rotational diffusion (𝐷𝑡 and 𝐷𝑟) of anisotropic colloids is of significant 

fundamental interest with implications for many different applications. However, for colloids made up of 

inorganic materials it is quite challenging because of multiple scattering and high opacity of the samples. In 

the present work, using the recently implemented depolarized measurements on 3D-DLS (dynamic light 

scattering) (doi.org/10.48550/arXiv.2203.07097), we have measured the 𝐷𝑡 and 𝐷𝑟 for hematite core ellipsoids 

over a wide range of aspect ratio and size and the results are compared with the theoretical predictions. Further, 

we have also used binary mixtures of ellipsoidal colloids of different aspect ratios with a known proportion to 

introduce polydispersity in a controlled manner and investigated the effect of polydispersity on 𝐷𝑡 and 𝐷𝑟. 

 

FIGURE 1. The left panel shows the SEM images for hematite ellipsoids having two different aspect ratios. The right panel shows 

the extracted relaxation rate, Γ, as a function of q2 for VV (square) and VH (circle) measurements for the two different aspect 

ratios, ρ1= 6.2 and ρ2= 4.7. 
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Sessile droplets have definite shapes that are determined by surface tension, gravity, and contact angle. 

Droplets with extremely large contact angles can be achieved by microfabricated low-energy surfaces and by 

thin vapor layers that separates droplets from their underlying substrate known as the Leidenfrost effect with 

interesting properties. Here we show that it is possible to create stationary and moving quasi-two-dimensional 

pseudo-sessile droplets and that their shape corresponds to 3D sessile droplets with 180° contact angle (Figure 

1). As with 3D sessile droplets, quasi-two-dimensional droplet thickness is restricted by capillary length, and 

they adopt a spherical shape when effective gravity is zero. Furthermore, quasi-two-dimensional droplets can 

slide on a pseudo-surface, and their motion is restricted by viscous dissipation at the proximity of the contact 

line. Our results comprise a theoretical model for drops in non-conventional dimensions, and the realization of 

this model in experimental work that includes static and dynamic quasi-two-dimensional droplets. Using this 

framework, liquid shapes, sizes and motions could be better predicted in microfluidic channels or other 

confined systems where droplets meet edges and are deformed and mobilized by external forces, such as 

gravity.  

  

 
FIGURE 1: Comparison of a 3D sessile droplet on a superhydrophobic surface (a) and quasi-two-dimensional pseudo-sessile 

droplet (b). Image in subfigure a kindly provided by Sakari Lepikko.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



POSTERS 

154 

 

Nanostructure of polymeric solution impacts the effectiveness of intracellular delivery 

by osmotic shock  

 

Aneta Karpińskaa, Alicja Zgorzelskaa, Karina Kwapiszewskaa, and Robert Hołysta 

 
a Department of Soft Condensed Matter, Institute of Physical Chemistry PAS, 01-224, Warsaw, Poland 

  

 

 Intracellular delivery, the introduction of the desired molecule into the cell interior, is a limiting 

parameter in many biological and biophysical studies. There are many techniques developed for crossing the 

cell membrane barrier. One of them is the osmotic shock application. Such a process consists of two steps: in 

the first step, cells are placed in the hypertonic solution (with high osmotic pressure). Then, tested cells are 

moved to a hypotonic solution with lower osmotic pressure. The hypertonic medium used at the first stage 

contains an osmotic pressure-building polymer. The issue in the osmotic shock-mediated intracellular delivery 

is the proper selection of the hypertonic solution composition. 

We analyzed how the concentration and the size of an osmotic polymer affect the effectiveness of cargo 

delivery using osmotic shock. Testing different types of osmotic polymers (dextrans, PEGs, and Ficoll), we 

proved that using the polymer in the entangled regime determines the process's success [1]. As shown in Figure 

1b, in the entangled regime, polymer coils overlap, interpenetrating each other. In such a case, single polymer 

molecules cannot escape through the cell membrane during water inflow. 

As a result of our research, we have developed a loading reagent called Cell-IN (https://cell-in.eu). 

 

 
FIGURE 1. (a) Concentration dependence of osmotic pressure building polymer on its gyration radius, (b) A scheme explaining 

entangled and non-entangled regimes. In the non-entangled regime, polymer chains freely diffuse in a buffer. At the border of 

entanglement, the hard polymer spheres begin to attach to each other, while in the entangled regime, the polymer balls overlap. 
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Minor differences between ionic liquids (ILs), like alkyl chain length, type of anion, etc., can 

significantly influence their properties. Any changes in their chemical structure can affect all physicochemical 

properties: viscosity, density, hydrophilicity/hydrophobicity, miscibility, etc. Importantly the properties of bulk 

ILs are affected not only by their chemical structure but also by the intra- and inter-molecular interactions, 

temperature, and the presence of gaseous, liquid, or solid impurities.  

This work aimed to characterize microscopic interactions in terms of DSC, FTIR, SAXS, and NMR 

self-diffusion coefficient. Also, to evaluate the microscopic and macroscopic structure of three ammonium ILs' 

families, choosing cations of varied structure (aromatic, cyclic, and aliphatic), varied alkyl chain length 

attached to the quaternary nitrogen, and bis(trifluoromethanesufonyl)imide anion, which results in three 

homologous series of ionic liquids with the cation of different geometry, with different physicochemical 

properties. 

ILs are organic/inorganic salts with a melting point below 100 oC that are usually characterized by a 

variety of features, from which common to a great group of ILs are high thermal, electrochemical, and chemical 

stability, low vapor pressure, a wide range of liquids, and the ability to dissolve many organic and inorganic 

compounds, including some polymers.  

Their specific properties depend exclusively on the construction of the anion and cation (by changing 

these two elements, it is possible to design an ionic liquid with the desired physical and chemical properties). 

This projectability is their principal added value, differentiating them from conventional solvents, and this is 

why ILs are often considered green solvents used in laboratory and industrial processes.  

 
FIGURE 1: Cations chosen for the determination of structure and dynamics: (a) alkyltriethylamonium,  

(b) alkylcyclohexylammonium, (c) alkylbenzyldimethylammonium 
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YO-PRO-1 is a cyanine dye well known as an early apoptosis marker that intercalates into double 

stranded nucleic acids. We applied Fluorescence correlation spectroscopy (FCS) supported with confocal 

microscopy to track YO-PRO-1 diffusion and binding in living HeLa cells.  

Based on our experiment, YO-PRO-1 got uptaken by the cells. Moreover, we observed nucleoli staining 

while nuclear DNA remained unstained. We used FCS to measure diffusion coefficient of YoPro1 complexes 

in the cell interior. Next, we used length scale dependent viscosity models for the HeLa cytoplasm [1] and 

nucleus [2] to determine sizes of the detected objects.. By using this method, we determine major YO-PRO-1 

targets in cell interior, which are tRNA and ribosomes. Applying Brightness Method [3] ex vivo, we 

characterised reactions between YO-PRO-1 and DNA and YO-PRO-1 and tRNA with equilibrium constants. 

Moreover, we studied rotations of ribosomes directly in living cells by means of FCS. Our research question 

YO-PRO-1 cell impermeability and double stranded DNA staining in cell nucleus. However the dye might be 

applicable in ribosomal RNA studies. 

 

 
 

FIGURE 1. YO-PRO-1 in HeLa cells. A: FCS-based identification of intracellular Yopro1 targets. B: Confocal image of HeLa 

cells stained with YO-PRO-1 dye. 
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Stimuli-responsive and active materials which react mechanically to external stimuli offer radical 

potential in novel actuators, e.g., in soft robotics or sensing. Especially liquid crystal elastomers (LCEs) offer 

programmable shape morphing in response to various triggers, e.g., temperature, light, and magnetic fields. 

The shape change directly depends on the inner structure, determined by the domain and crosslinking topology 

that conventionally is fixed in the preparation process. [1, 2] Our strategy is to develop a thermoplastic liquid 

crystal elastomer based on ionomeric physical crosslinks that can be reshaped and remodeled repeatedly. The 

reversibility of ionomer-based crosslinks is useful, e.g. in thermoplastic or even self-healing elastomers. [3] 

For this, polysiloxane-based liquid crystal ionomers are developed that contain nematic side chains and 

5 - 15% of carboxylate ionic groups. The main step of the synthesis is the hydrosilylation of 

poly(hydridomethyl siloxane) (PHMS) in the presence of the Karstedt’s catalyst (Figure 1). Adequate 

neutralization using different transition metal cations leads to physically crosslinked networks and elastomeric 

behavior. We present initial results on the structure-property relationships as based on NMR, GPC and IR, and 

on the thermal and rheological behavior.  

 

 
 

FIGURE 1. Scheme of the synthesis of a novel liquid crystal ionomer 
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Arrested phase separation is a key mechanism used by living systems to create well-controlled 

nanostructures. One of the most salient examples is structural color as present in some bird and insect species. 

Besides fascinating optical properties, phase-separating composite systems can have astonishing mechanical 

properties: For example, liquid inclusions can stiffen polymer networks. These mechanical properties have 

been less studied compared to the optical properties. To study the mechanical properties we use a sample system 

of a polymer network made of PDMS and fluorinated oil. We aim to control mechanical properties by tuning 

the structure of the phase-separated domains. Structure of the phase separating domains can be influenced by 

their nucleation. We vary typical parameters which could determine the nucleation such as the mesh size of the 

polymer network and total liquid fraction. We employ small-angle X-ray scattering, tensile tests and indentation 

experiments to study nucleation and mechanical properties of phase-separating samples. Our studies can result 

in mechanically highly flexible, self-assembled materials, which are comparatively fast and easy to produce. 
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Myocardial infarction is a major condition with a significant threat to human health, as it leads to 

necrosis of numerous cardiomyocytes, left ventricle dilation, and generally cardiac dysfunction, which can 

results in a heart failure. [1] A great effort is placed on the development of appropriate platforms for cardiac 

tissue engineering, including functional hydrogel systems designed to support and mimic the myocardial 

microenvironment during cardiac repair. Studies available so far provides multiple information that hydrogels 

not only provide mechanical support during myocardial tissue repair but can be also used as carriers for cell or 

drug delivery.  

 

One of the most widely used materials for the preparation of highly reproducible and biocompatible 

hydrogels is hyaluronic acid, a naturally occurring, high-molecular weight polysaccharide formed by the 

repeating units of N-acetyl-β-D-glucosamine and β-D-glucuronic acid Hyaluronic acid possesses exceptional 

physicochemical properties such as biocompatibility and biodegradability, non-inflammatory, non-toxicity and 

non-immunogenic behaviour. It is now a common substance in many medical applications, such as visco-

supplementation, eye surgery and drug delivery. Due to great number of functional moieties can form 

biomedical material with sustained or on-demand, responsive drug release capabilities. As well as hyualuronic 

acid itself, its derivatives and copolymers have been utilized in vitro and in vivo models for their ability to 

optimize the delivery of drugs belonging to very different classes. While many hydrogels have been explored 

so far in the area of drug delivery, it is the injectable hydrogels that continue to gain interest for minimally or 

even non-invasive delivery [4]. In this work, we present the optimization of the preparation process of 

hyaluronic-acid-based, its physicochemical characterization along with their potential of a controlled and 

sustainable drug release.  
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 Nowadays, there is an increasing need for a detailed description of processes and interactions occurring 

at the nanoscale in living cells. One of the techniques allowing for a qualitative and quantitative description of 

these phenomena is fluorescence correlation spectroscopy (FCS), which is based on measuring the diffusion 

coefficients of the studied substances. However, diffusion in complex fluids, such as cell cytoplasm, differs 

significantly from the classical Einstein-Smoluchowski model and its description should be based on a model 

depended on the probe size [1] [2]. Moreover, in such fluids, the interdependence between the two forms of 

diffusion - translational diffusion and rotational diffusion - is also inconsistent with classical theories. Since 

both forms of diffusion are observed for sufficiently large objects (> 10 nm) during FCS measurements, new 

theoretical models are needed to describe them. One such model has been proposed recently [3] but so far has 

not been confirmed experimentally. In this poster, we present the experimental confirmation of this model. For 

this, it was necessary to use a monodisperse probe of a well-defined size and therefore fluorescently labeled 

CCMV plant viruses were used. Aqueous solutions of PEG and PEO were used as model complex liquids. 

Firstly, FCS measurements in water were used to obtain the parameters of the probes. Then, a series of FCS 

measurements of diffusion of probes in model liquids, differing in concentrations and molar masses of the 

polymers used, were performed. Finally, the recorded experimental curves were compared with the theoretical 

curves obtained on the basis of the model under consideration. As a result, a very high agreement of 

experimental and theoretical data was obtained, confirming the validity of the tested model. 
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Poly(lactide-co-glycolide) nanoparticles (PLGA NPs) are of great interest in the drug delivery field, 

particularly due to their excellent biodegradability and biocompatibility[1]. Moreover, PLGA copolymers have 

been already approved by the Food and Drug Administration (FDA) for clinical drug delivery.  

A crucial aspect of drug delivery is the interaction of nanoparticles with biological fluids. Usually, 

nanoparticles in the blood are easily covered with proteins through the so-called “opsonization” process, which 

corresponds to the formation of “protein corona” at the outer surface of nanoparticles. This process can lead to 

macrophage recognition and fast removal of nanoparticles from the bloodstream[2]. 

In this study, we have synthesized the PLGA NPs stabilized with bovine serum albumin (BSA) or with 

polyethyleneimine (PEI) by the emulsion-solvent evaporation method [3]. We investigated the protein corona’s 

formation around these nanoparticles using radiolabelled proteins by gamma counting. Proteins were 

radiolabelled with 18F.  Once the radiolabelled corona was formed we investigated the protein corona's stability 

and tracked the release and exchange of proteins from protein corona on the surface of nanoparticles exposing 

them to non-radiolabelled protein media (BSA, rats’ serum), centrifuging and measuring activity.  Our results 

show that the corona is not fully exchanged within 5 hours. 

 

Acknowledgments 

The authors thank the National Science Centre of Poland for the financial support through the Opus grant, 

project number 2019/33/B/ST5/01495.  

 

References 

[1] J. Nicolas et al.., Chem. Soc. Rev., 2013, 42, 1147–1235. 

[2] Desirè Di Silvio et al., Scientific Reports, 2018, 8:9046.  

[3] B. Taghipour et al., Res Pharm Sci. 2014 Nov-Dec; 9(6): 407–420. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



POSTERS 

162 

 

Next generation charge measurement using acoustic levitation 

 

Cecelia Mweka1, G. Grosjean1, I. Lenton1, S. Waitukaitis1 

 
 1Institute of Science and Technology Austria, Klosterneuburg Austria 

 

 

 Contact electrification of insulators is a ubiquitous phenomenon that among other things, is considered 

a significant problem, especially critical for various industries such as polymer, pharmaceuticals, electronics, 

and space. However, very fundamental aspects of contact charging, such as the identity of the charge carriers 

or the nature of the charge transfer mechanism, particularly for nominally identical materials, remain largely 

unresolved. Additionally, a fundamental challenge in contact electrification experiments is to measure charge 

exchange without unnecessary mechanical contacts. Acoustic levitation [1,2] has proven ideal for achieving 

this, allowing for controlled contacts with timed interruptions of the acoustic field and charge measurement 

with externally applied electric fields. However, experiments have so far relied on high speed videography, 

which suffers from slow cycle time and high data volume. In this project, we explore other avenues for charge 

measurement with acoustic levitation—capacitive and positional sensing—which both offer promise for more 

efficient measurement. This work explores the advantages of PSD-based measurements over capacitive 

sensing. Ultimately, we will use this technique to study contact electrification between same and different 

material samples, with the aim of addressing the charge transfer mechanism.  
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Anisotropic colloids are known to exhibit a rich phase behavior. In addition to the usual gas, liquid, 

crystal and glassy states found for spherical particles, anisotropic particles such as rods are known to exhibit 

additional liquid crystalline phases. Here we present the self-assembly and dynamics of colloidal rods for aspect 

ratio, ρ~8.0. The self-assembly and (an)isotropic dynamics of these particles at the nearest neighbor length 

scale were investigated over a wide concentration range using SAXS and multispeckle ultrasmall-angle X-ray 

photon correlation spectroscopy (USA-XPCS). At low concentrations, the self-assembled phase as well as 

dynamics are isotropic. However, beyond a certain critical concentration a nematic and a smectic phase are 

formed, which makes the dynamics anisotropic. We have also explored the relation between the resulting 

diffusion coefficients and the structure factor of the self-assembled structures. The results indicate that the 

particle dynamics strongly depends on the structure factor.  Further, the diffusion coefficients at the nearest 

neighbor length scale slow down considerably at high concentrations and the system approaches a kinetic 

arrest. 

 
FIGURE 1. (a) 2D diffraction pattern of colloidal rods (inset) at volume fraction φ=0.17. (b) correlatiofunctions for different 

scattering vectors q. (c) Effective structure factor and (d) corresponding effective diffusion coefficient. 
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A vast variety of smart polymers have been developed, due to the continuous search for more effective 

and biocompatible forms of release mechanisms from polymeric systems [1]. The already reported concept of 

2-pyridinylaminoethyl groups that could be successfully applied for carboxylic acid protection [2] was adapted 

in a stimuli-responsive polymer system with a release function. The deprotection mechanism based on 

intramolecular thermal cyclization (ITC) [3] could be potentially used in drug delivery systems. The concept 

of thermo-responsive polymers that could encapsulate biologically active compounds with cyclization 

mechanism, was not reported. For investigation purposes, polymeric systems such as poly(N-methyl-N-2-

pyridinyl-aminoethyl)acrylate (PMPyAEA) and poly(N-methyl-N-2-pyridinyl-aminopropyl)acrylate 

(PMPyAPA) were designed and synthesized, using reversible addition-fragmentation chain-transfer 

polymerization (RAFT), with switchable RAFT reagent.  

We report that 2-pyridinyl-based smart polymers could release small bicyclic compounds via the ITC 

process, at elevated temperatures (in temperature range from 40ºC to 90ºC). Polymer with ethyl alkyl linker 

can release bicyclic compound with a five-membered ring. On the other hand from a polymer with a propyl 

linker, a small molecule with a six-membered ring could be formed. Both bicyclic molecules are formed as 

cations with a negatively charged poly(acrylic acid) polymer chain as a counterion. The speed of the 

intramolecular thermal cyclization process is strictly connected with the chemical structure of the repeated 

units and release bicyclic compounds. The cyclization process could be monitored by UV-Vis spectroscopy. 

Additionally, the time of cyclic compound formation could be controlled not only by structural modifications. 

The release process could be temporally stopped in acidic conditions, due to protonation of endogenic nitrogen 

in a pyridin ring. When application of neutral or slightly basic conditions the cyclisation are started again. That 

gives good control of the process of cyclic compound release from the main chain of the polymer. 

In summary, this work demonstrates that an intramolecular thermal cyclization process can allow for a 

controlled release of small molecules from polymeric carriers, and that time required for a release can be 

tailored. 
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The design and synthesis of self-propelled micro- and nanomotors is one of the long-term goals in 

nanoscience, proposed by Richard in the late 1960s, and important breakthroughs have been made in the last 

twenty years. [1-2] Micro- and nanomotors are small autonomous devices that are capable of performing 

complex tasks, powered by external forces. In general, the swimmers can be divided in two types, the linear 

and the rotary micro-/nanomotors. Chemical powered nanomotors use the catalytic decomposition of a “fuel” 

that is dissolved in the medium. By breaking the symmetry of these structures, an asymmetric concentration 

gradient at the surface of the nanostructure can be generated that leads to propulsion. [2-3] 

 

 
Scheme 1. Schematic illustration of the catalytic activity of P3. 

 

Investigating the diffusional behaviour of a nanomotor is essential for understanding and thus 

optimising its design. The approximately 20 nm large system of this work consists of a platinum cube that is 

occupied by three bigger cobalt ferrite cubes on its corners ([CoFe2O4]3@Pt = P3). While Pt acts as catalyst 

in the reduction of para-nitrophenol (pNP) in the presence of borohydrides, CoFe2O4 has magnetic properties. 

As presented in Scheme 1, it is expected that the rotation and thus the reorientation of the particle can be 

reduced by applying a linear external magnetic field. The oxidation of NaBH4 on the platinum surface to 

NaB(OH)4 and the reduction of pNP to para-aminophenol (pAP) result in the formation of a concentration 

gradient. Under optimised conditions, super diffusion and even preferred directionality is observed.  

Main tool for the investigation of the diffusional properties of the particle system in water is the single particle 

tracking by dark-field light scattering microscopy (SPT by DF-LSM). With this method, the movements of the 

particles are recorded and subsequently tracked for each individual video frame. Based on these data, important 

diffusional parameters can be calculated, such as the time-dependent mean squared displacement (MSD(t)), the 

diffusional coefficient (D), the drift velocity (v), the probabilities of movements along each angle, their length 

and many more.  
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Poly(N-isopropylacrylamide)– known as PNIPAM– microgels are swollen and dispersible in water at 

temperatures below their volume phase transition temperature (VPTT = 32℃). By increasing the solution 

temperature beyond the VPTT, the microgels collapse and precipitate in 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’s viscosity. 

Therefore, the microgels collapse and become insoluble in the water and agglomerate, resulting in turbidity. 

We use turbidity to quantify the ultrasound energy absorption and show that the acoustic-response of PNIPAM 

microgels is a temporal phenomenon. Increasing the microgel concentration of the dispersion leads to higher 

amount of hydrogen bond breakage per time and faster turbidity evolution. Furthermore, increasing the 

frequency of actuation increases the velocity of hydrogen bond breakage and thus turbidity evolution. This is 

due to the increase in ultrasound energy absorption by liquids at higher frequencies.  
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Proteins and/or nucleic acids can undergo liquid-liquid phase separation (LLPS) inside living cells to 

form liquid-like droplets (condensates) that are thought to perform essential functions. However, it remains 

difficult to measure the LLPS phase diagrams, which relate the exact chemical composition of condensates to 

external parameters such as temperature, pH, crowding etc. Here, we present an integrated approach to 

quantitatively predict phase diagrams (binodal, spinodal, and critical point) based on second virial coefficients 

measured with analytical ultracentrifugation. We demonstrate the method for a model system comprising 

protein and macromolecular crowding agent. We found reasonable agreement between our predicted phase 

diagram and the binodal obtained by direct analysis of phase composition. Compared to conventional methods 

of determining phase diagrams, analytical ultracentrifugation measurements require significantly smaller 

sample volumes as well as provide virial coefficients based on first principles. We therefore anticipate that our 

approach will find broad application in the study of condensates, as well as the optimization of therapeutic 

protein formulations. 
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 In nature we find a lot of biological systems which have self-assembling re-production structures such 

as Peptides, Proteins, and DNA. Self-assembly is an advantageous strategy to receive desired ordered 

supramolecular structures based onnoncovalent interactions such as hydrogen bonding, electrostatic 

interactions, hydrophobicity or π–π stacking between the molecular component. 

In this project, we used thermosensitive amphiphilic peptides that also respond to pH.  These two 

different types of C3-symmetric comonomer structures contain either glutamic acid or lysin groups. There are 

studies showing that the oppositely charged dendritic peptide amphiphiles supramolecular are self-assembled 

into the 1D nanorod-like pattern in the aqueous buffer [1]. Circular dichroism spectroscopy results approve 

that the nanorod pattern was following β-sheet structure [2,3]. These structures can be a excellent candidate for 

carrying nanomedicines and systemic applications in vivo [4].  

We used the Quartz crystal microbalance with dissipation (QCM-D) to follow the multilayer formation 

of the oppositly charged amphiphilic peptides on Si and Au substrate. The  topography of the multilayer was 

studied by using Atomic Force Microscope (AFM). The QCM-D measurement and AFM results show the 

supramolecular copolymer trapped on both the Si and Au surfaces. Then, regarding the pH-responsive feature 

of comonomers, the peptides were disassembled by applying the solution pH2 and pH12 respectively. We 

investigated the thermoresponsive behaviour of the brushed copolymer that was confined on a Si surface 

between 40 °C and 45 °C by QCMD. These results show that short thermoresponsive triethyleneglycol chains' 

behaviour caused at higher temperatures more monomers adsorbed on the surface. 

 

Keywords: Supramolecular Structures, Self-Assembly, Amphiphilic Peptides, Glutamic Acid, Lysine 
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Cellular processes such as translation and transcription are highly dependent on the diffusion of proteins 

in cell cytoplasm. With the majority of research focused on molecular biology of a cell, there is little 

understanding of the basic biophysical properties of cellular dynamics during stress conditions. Quantitative 

analysis of movement of proteins during starvation (stressed cells) can be an invaluable tool in understanding 

cell systems. Our findings highlight a conserved physicochemical property —nanoviscosity— used by cells as 

a survival guide to protect itself under conditions of stress. Starvation leads to water efflux causing a significant 

change in cytoplasmic viscosity. 

We successfully quantified nanoviscosity by measuring the diffusion coefficients of single GFP 

molecules moving in and out of confocal volume using fluorescence correlation spectroscopy. The change in 

fluorescent intensity during starvation was recorded by timecorrelated single photon counting. To study 

morphological changes, FLIM images of starved HeLa-GFP cells were taken which depicted micropinocytosis 

cup formation along with filament like structures after 96hr of starvation. 

We assume the force experienced by the molecules in the cytoplasm is length-scale dependent. 

According to our hypothesis, GFP molecules experience viscosity of cytoplasm at nanoscales. We discovered 

that cytoplasmic nanoviscosity (η/η_0) to the viscosity of water remains ~conserved for first three days and 

changes near cell death (2.1 without starvation to 4.5 on day 4 of starvation). The biophysical application of 

this phenomenon can be extended for use in label-free cell assays. 
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In many environmental or medical settings, biofilm formation is the most successful strategy for 

bacterial colonization [1]. In the biofilm lifestyle, bacteria embed themselves in a self-secreted matrix of 

extracellular polymeric substances (EPS), acting as a shield against mechanical and chemical insults. When 

ambient flow is present, this viscoelastic EPS scaffold can take a streamlined shape, forming biofilm threads 

suspended in flow, called streamers [2]. In many situations, the streamer architecture can enhance the harmful 

effects of biofilms, bridging the spaces between obstacles in the flow path [3]. However, despite the relevance 

of biofilm streamers, their structural and rheological characterization is still at an early stage.  

In this work, we present a microfluidic platform that allows the reproducible growth of biofilm streamers in 

controlled physico-chemical conditions and the characterization of their biochemical composition, 

morphology, and rheology in situ [4]. Thanks to this platform, we are able to investigate the role of the different 

EPS components [5] and the physico-chemical microenvironment in determining biofilm structure and 

rheology. 
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The differentiaion of stem cells into patient-specific cell types and their in vitro culture is an important step for 

many tissue engineering strategies. Despite great progress in the field, e. g. for the production of 

cardiomyocytes, there is still a lack in soft, elastic cell culture matrices that both can integrate with the 

surrounding tissue and enable the production of large numbers of cells. [1] One way to achieve this goal is the 

synthesis of cryogel beads via a droplet-based microfluidic approach.In this approach, sub-milimeter droplets 

of a water-based polymerisation mixture are formed and polymerized under cryoscopic conditions, resulting in 

spherical beads with a porous structure. Due to the porosity, the beads show a large surface for cell attachment, 

and by populating the interconnected pores, 3D tissue structures become accessible.[2] 

 
 

FIGURE 1. Synthesis of cryogel beads 

 

By changing the synthetic parameters, such as temperature or concentration, the bead production is 

optimized and the influence on the pore size is investigated. It is found that the pore size is essentially 

determined by the freezing rate and the polymerization rate.  

We envisage tissue matrices based on porous hydrogel beads to serve as versatile intermediates for the 

design and assembly of more complex tissue and organoid structures, e.g. by 3D printing.  

 
FIGURE 2. Pore sizes as a function of temperature 
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 We analyze transient dynamics during the shear start-up in viscoelastic flows between two parallel 

plates, with a specific focus on the signatures for the onset of transient shear banding using the Johnson–

Segalman, nonstretching Rolie-Poly, and Giesekus models. We explore the dynamics of the shear start-up in 

monotonic regions of the constitutive curves using two different methodologies: (i) the oft-used “frozen-time” 

linear stability (eigenvalue) analysis, wherein we examine whether infinitesimal perturbations imposed on 

instantaneous stress components (treated as quasisteady states) exhibit exponential growth, and (ii) the more 

mathematically rigorous fundamental-matrix approach that characterizes the transient growth via a numerical 

solution of the time-dependent linearized governing equations, wherein the linearized perturbations coevolve 

with the start-up shear flow. Our results reinforce the hitherto understated point that there is no universal 

connection between the overshoot and subsequent decay of shear stress in the base state and the unstable 

eigenvalues obtained from the frozen-time stability analysis. It may, therefore, be difficult to subsume the 

occurrence of transient shear banding during the shear start-up within the ambit of a single model-independent 

criterion. Our work also suggests that the strong transients during the shear start-up seen in earlier work could 

be sensitive to the small solvent viscosity values considered in the absence of otherwise negligible terms such 

as fluid inertia. 
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Phase separation finds applications in a variety of biological and synthetic systems. Nature can 

control phase separation to both regulate cellular processes and make composite materials with outstanding 

mechanical and optical properties [1,2]. By contrast, it is much harder for scientists to arrest and control 

phase separation with such a level of precision at these length scales.  

Inspired by the spatially correlated microstructure in the feathers of many brightly colored birds, we 

developed a self-limiting approach to polymerization-induced phase separation that can produce stable 

structures across a range of optical length scales [3].  
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 Semiflexible ring polymers in dense solutions are known to form a cluster-glass phase, in which rings 

assemble into cylindrical stacks. The phenomena emerge mainly as a consequence of topological constraints 

due to the ring-like architecture of the macromolecules. The same topological effects play an essential role in 

organization of DNA in living systems and therefore, ring polymers can serve as a model for human 

chromosomes. Unfortunately, most of our knowledge about ring polymers comes from computer simulations 

of generic neutral macromolecules, and the interpolation to the DNA is not straightforward. For instance, the 

electrostatic interaction present between DNA segments, is often omitted in generic polymer simulation 

models. In this study, we employed molecular simulations to explore the differences between behaviour of 

ssDNA ring polyelectroytes, and their neutral counterparts. We found out that at low polymer concentrations, 

polyelectrolytes form cluster-glass phase, very similar to the phase of neutral rings. However, at higher 

concentrations, polyelectrolyte rings shrink, due to the interaction with their counterions. Consequently, 

polyelectrolytes in this concentration regime do not form cluster stacks, in contrast to their neutral counterparts. 

Ultimately, our results show that connection between particular DNA macromolecules and generic models 

should be done with caution. 
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 Ring polymers can be found in nature in the form of plasmids, bacterial DNA or kinetoplasts. Certain 

features of organization and regulation of these circular biomacromolecules in the living systems are of generic 

and universal nature, underlining the need for understanding the fundamental aspects of physics of ring 

polymers. In this study, we use computer simulations to derive effective potentials between ring polymers 

differing in their flexibility and size. We also analyze threading effects between the rings and correlate them 

with threading-induced changes in the shape and geometry of the respective polymers. Our findings show that 

if the rings are in mutual vicinity, the probability of at least one of the rings piercing the minimal surface of the 

other one is close to unity. If the rings are of the same size and flexibility, they thread each other with equal 

probabilities. Breaking the symmetry between the rings, however, can lead to clear separation of the threading 

roles – one ring can be threading through the surface of the other ring, but not the other way around. Finally, 

we show how can these roles be flipped by fine tuning of ring size and stiffness. 
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 Charge accumulation on airborne particles plays a critical role in a variety of natural and industrial 

processes. It gives rise to lightning in thunder- and sandstorms and can lead to dangerous dust explosions during 

industrial processing. Shavlov et al. [1] suggest that the hydroxide ions and protons formed by the dissociation 

of water molecules are sufficient to cause charging during evaporation and condensation of droplets or surface-

adsorbed water on solid particles. This hypothesis is backed up by Moreira et al. [2] who find that liquid 

evaporation leads to charge buildup on dielectric surfaces. 

 By levitating individual aerosol particles in an optical trap we can characterize and manipulate the 

particle without losing information to ensemble averages or external interference from other particles or 

substrates [3, 4]. Our setup allows for trapping of various types of solid and liquid particles in the micrometer 

size range, like silica spheres, water droplets or droplets with solid nuclei inside. Figure 1 shows an illustration 

of the measurement principle. The particle’s charge is measured by applying a sinusoidal electric field and 

observing the resulting particle motion. The Mie scattering pattern of the particle furthermore gives information 

about the particle’s size and refractive index, both at equilibrium and during evaporation and condensation. 

The experiment allows us to control the relative humidity and air ion concentration around as well as air flow 

across the particle. 

 Ultimately we aim to gain detailed insights into the proposed evaporation-condensation-charging 

mechanism and its implications for the triboelectric effect and atmospheric electricity. 

 

 
FIGURE 1. Optical tweezers (λ = 532 nm) holding a solid or liquid aerosol particle. A sinusoidal electric field is applied between 

the two electrodes and the resulting particle motion as well as the particle’s Mie scattering pattern are recorded. 
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 Polydopamine (PDA) is an emerging mussel-inspired biopolymer which can be obtained by oxidative 

polymerization of dopamine in basic media.[1] In the last few years PDA gained much attention due to its 

biocompatibility, strong adhesive properties, metals binding, photothermal properties and straightforward 

surface functionalization. Furthermore, PDA has been widely exploited in catalysis, various bioaplication and 

nanomedicine.[2-4] Especially PDA based nanostructures are excellent candidate for synthesis of anti-cancer 

drug delivery platform for oncological therapies.[5,6]. 

Here we present the preparation of mesoporous polydopamine nanoparticles (MPDA) via one-pot 

synthesis employing pluronic F127 and 3,5-trimethylbenzene.[7] MPDA are further use to load different 

chemotherapeutic drugs such doxorubicin, cisplatin and paclitaxel. The obtained nanoparticles have been 

extensively characterized in terms of morphology, structure and drug release properties in various conditions 

mimicking the environment of cancer cell. Surface of MPDA particles was functionalized with folic acid, which 

acts as a targeting ligand for tumor cells providing active targeting in chemiotheraphy. Finally, prepared MPDA 

exhibit strong photothermal properties under irradiation with laser beam at 808 nm and 1060 nm. Therfore 

synthetized nanostructures are potential candidates for application in triple therapy for hepatocellular 

carcinoma based on co-delivery of chemotherapeutics merged with photothermal therapy.  
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Active swimmers have attracted tremendous interest in the scientific community owing to their ability 

to exploit surrounding energy for performing various biological and mechanical functions. Such systems 

include inherently active units that drive them out of equilibrium. In the realm of biology, micro-swimmers 

like microorganisms and motor proteins experience a broad range of complex environments during their 

motion, which can influence their motility and viability. Inspired by such natural and experimental phenomena, 

we present the effect of surrounding hydrodynamics of simple and complex fluids on the propulsion dynamics 

and collective motions of synthetic motors using computer simulation. 

We investigate the effect of a viscoelastic medium on the individual and collective dynamics of active 

sphere-dimers. Two types of active motors will be discussed; in one case, the self propulsion is introduced by 

applying a tangential force along the dimer’s axis, whereas in another case, a chemical reaction at one end of 

the dimer is the key factor for bringing propulsion in the system. The viscoelastic fluid is modeled in the 

framework of a coarse grained simulation scheme. A super-linear enhancement is observed in dimer’s directed 

speed in a viscoelastic fluid as compared to a Newtonian fluid of the same viscosity [1]. Through various 

dynamical quantities like flow profile, effective drag force, we unravel this superlinearity in directed speed for 

a viscoelastic fluid and show that it is associated with the micro structural properties of the fluid, including 

their alignment and the density inhomogeneity in the vicinity of the dimer. In case of a collection of dimers, 

we have shown an enhanced cluster formation rate and larger cluster size in the viscoelastic fluid [2]. The 

crucial factors influencing the enhanced motility and the aggregation of dimers are the concentration gradients, 

hydrodynamic coupling, and the fluid microstructures present in the system. 
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Inspired by how the shape deformations in active organisms help them to migrate through disordered 

porous environments [1], we simulate active ring polymers structured by connecting Active Brownian Particles 

by springs of uniform spring constant in two-dimensional random porous media and record their migratory 

patterns [2]. The dynamics of different systems of active ring polymers have been simulated: flexible, 

inextensible, and semiflexible. Deformation of flexible and inextensible ring polymers driven by active forces 

in the form of expanding and shrinking in the pore space allows them to navigate smoothly through the 

disordered micro-environment. In contrast, semiflexible rings undergo transient trapping inside the pore space; 

the degree of trapping is inversely correlated with the increase in active forces. Migration of active rings in the 

disordered environment is facilitated by their response to the change in their activity; while flexible rings swell 

with an increase in activity, inextensible and semiflexible rings monotonically shrink upon increasing the 

strength of the active force [2]. We observe that the swelling and shrinking behavior depends on the nature of 

the rings. Together, our findings identify the optimal migration of active ring polymers through porous media.  
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Internally driven systems such as microorganisms and synthetic self-propelled particles show a plethora of 

collective phenomena, including swarming, active clustering, and phase separation.  Control over the 

propulsion direction and tunable interactions between the individual self-propelled units may open new 

avenues in designing materials from within, using their collective dynamics. In this talk, we present a unique 

self-propelled particle system consisting of  Janus photocatalytic colloids, in which we can, on-demand, reverse 

the particle’s propulsion direction by exploiting the different photocatalytic activities on both sides (see Fig.1).  

The control over the activity and the reversibility of direction by wavelength and intensity of light, combined 

with the interplay between attractions and repulsions of the individual units, allows the colloidal assemblies to 

undergo both “fusion” and “fission” transitions, mimicking aspects of multi-cellular behavior [1].  Moreover, 

we demonstrate that our active particles can act as seed particles in active-passive mixtures, and conveniently 

drive the assembly and disassembly of passive particles by light modulation. These results would open new 

possibilities to drive the arrested systems (e.g., gels, and glasses) by “stirring with light.” 

 
 

 
 

FIGURE 1. Time-lapsed bright-field microscopy images are showing the mode of the motion and the overlaid 

trajectories revealing the typical trajectories, respectively. 
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The interaction between foreign bodies and the cell membrane plays a pivotal role in many cellular 

processes, such as infection by viruses and bacteria, and trans-membrane trafficking. A better understanding 

of this interaction opens new avenues for designing targeted drug delivery agents. It has been shown that the 

size, shape, and surface properties of foreign bodies (e.g., macrophages) can influence the interaction, thereby 

endocytosis [1,2,3].  

To study how the particle’s shape affects the wrapping pathway, we developed a minimal biomimetic 

model system consisting of giant unilamellar vesicles and micron-sized rod-shaped particles. With the interplay 

between the particle’s curvature, shape, and adhesive strength, we demonstrate that the wrapping process can 

be controlled. At low adhesive strengths, we find particles in two stable shallow-wrapped states: rods either 

surf along the membrane with their long axis or short axis. Increasing the adhesive strength further leads to a 

transition from the shallow-wrapped to the fully-wrapped state via two pathways. In the fully-wrapped state, 

only one end of the rod is connected to the membrane. Moreover, we demonstrate that rods can be switched 

from the fully- to the shallow-wrapped state. Our study provides a foundation for future developments of cell-

mimicking artificial systems, such as synthetic cells [4]. 
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 3D printing offers rapid and facile fabrication of intricate structures in smaller volumes, which is highly 

desirable for personalized medical applications [1]. To this end, there is a need for the optimisation of 3D 

printing of a wide range of polymeric soft materials. 

Herein we present the 3D printing optimisation and 3D printability assessment for three soft polymeric 

matter materials: copolymers of poly(octamethylene maleate (anhydride) citrate (POMaC) with PEGDA700, 

hydrogels consisting of the zwitterionic ionic liquid 3-(1-vinyl-3-imidazolio)propanesulfonate, and a 

crosslinked poly(ionic liquid) (PIL) material consisting of choline sorbate. The reasoning for choosing these 

materials is as follows: (1) POMaC is a soft polymeric materials that has received much attention for 

development of biomedical patches and devices, but until now had not been 3D printed (FIGURE 1a) [2]. (2) 

Polyzwitterionic materials consisting of 3-(1-vinyl-3-imidazolio)propanesulfonate (FIGURE 1b) are expected 

to demonstrate reduced biofouling properties. (3) PILs possess desirable properties and can be 3D printed,[3,4] 

but most are not biocompatible, thus we investigated 3D printed choline sorbate-based PILs (FIGURE 1c)–

choline is an essential nutrient and the crosslinkable sorbate anion is a widely used food additive. 

3D optimisation and quantitaive printability assessment results will be presented, together with 

mechanical property, adhesive property and bioviability assay data. 
 

 
FIGURE 1. (a) A 3D printed ring consisting of 80/20 (POMaC/PEGDA700, w/w) demonstrating a high degree of printability. (b) 

A sticky and stretchy 3-(1-vinyl-3-imidazolio)propanesulfonate hydrogel, crosslinked with 1 mol% PEGDA700. (c) The 

chemical structure of the crosslinkable choline sorbate ionic liquid monomer. 
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Magnetic resonance imaging (MRI) is routinely used in clinics due to its associated intrinsic spatial 

resolution, deep tissue penetration, and three-dimensional anatomical information it gathers. Standard contrast 

agents (CAs) used in clinical MRI so far are Gd-based positive contrast agents (T1). However, due to possible 

health risks of some Gd-based CAs use of a number of these developed CAs (mainly chelates eg. DOTAREM, 

and MAGNEVIST) has been restricted by the European Medicines Agency (EMA), and alternative CAs are 

being searched and developed. A good alternative for Gd-based CAs could be constructs based on Manganese 

(Mn). Taking into account the promising effects of using Mn, particularly in nanoparticulated form, it is seen 

in the light of recent research as a highly competitive alternative for standard T1 CAs [1]. Therefore in this 

study, we present results on a new class of MRI CAs based on a combined hybrid construct consisting of lipid 

liquid crystalline nanoparticles loaded with MnO nanoparticles (LLCNPs@MnO and LLCNPs@MnO-

DMSA). The unique internal structure and morphology of LLCNPs make them potential carriers to be applied 

in drug and diagnostic agent delivery [2].  

Two types of MnO nanoparticles were prepared: (1) oleate-capped MnO NPs as hydrophobic ones, and 

(2) DMSA (meso-2,3-dimercaptosuccinic acid)-functionalized MnO NPs as hydrophilic ones. These MnO NPs 

were further embedded into LLCNPs, consisting of glyceryl monooleate (GMO) as a structure-forming lipid 

and Pluronic F-127 as the non-ionic copolymer surfactant stabilizing LLCNPs in water-based dispersion. 

Following previous biocompatibility and relaxivity studies, these structures were subjected to the in-vivo MRI 

studies. Both types of LLCNPs and hydrophilic MnO NPs were suspended in a matrigel. Mouses were divided 

into three groups (3 animals per group) to observe the influence of different formulations on T1 contrast effect. 

Next, during the MRI scan, each dispersion was injected into the thigh muscle of the mice. The LLCNPs 

containing both hydrophilic and hydrophobic MnO NPs manifested a remarkable T1 contrast effect in-vivo as 

compared to MnO NPs themeselves.  
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 Block copolymers are characterized by very unique self-assembly properties. They have found wide 

application in medicine (e.g. stents, drains, drug delivery systems or gene therapies) [1-4] and electronics 

(lithium ion electrolites) [5]. BCPs below the critical temperature TODT (order-disorder transition) two 

dissimilar subchains (blocks) tend to separate from each other by an accumulation of similar chemicals, thus 

creating domain-like structures.  Thermodynamic equilibrium conditions require minimization of the contact 

area in two different phases, which imposes the formation of various types of morphology [6]. 

 In order to investigate the self-assembly processes of the block copolymers, structural studies were 

performed using complementary techniques, i.e. NMR and AFM spectroscopy to determine the size of the 

domains. Moreover, DSC and SAXS techniques were used to study phase transformations and the degree of 

crystallinity. The conducted studies show the dependencies of the change in the degree of separation of block 

copolymers in the case of doping with lithium ions, and constitute the basis for further structural analysis, 

which should allow for proposing more ecological and non-toxic dry electrolytes for applications in the field 

of lithium-polymer electrolytes. 
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 Many bacteria and eukaryotic cells perform chemotaxis to move towards chemical sources. A number 

of models for their chemotactic strategies and underlying biochemical mechanisms have been developed. 

However, it remains unclear how internal chemotactic pathways interact with the decisions of swimming cells 

to change their shape and to dynamically adapt their swimming gaits to move up chemical gradients. 

We develop a biologically inspired computational scheme how an internal decision making machinery 

to adjust locomotion strategies of microswimmers to perform efficient chemotaxis are developed and employed 

[1]. Our approach uses unsupervised reinforcement learning, combined with artificial neural networks (ANNs) 

optimized by the NeuroEvolution of Augmenting Topologies (NEAT) genetic algorithm applied to the three-

bead Najafi-Golestanian swimmer moving force-free in a viscous fluid  (Fig. 1(a)) within a chemical 

environment (Fig. 1(b)). 

During training the so-called agent uses as input information about the chemical field and the state of 

the swimmer, and proposes actions by optimizing an ANN  (Fig. 1(c))  by maximizing its swimming speed 

along the field gradient (Fig. 1(d)). We implement different measures of the field gradient, namely spatial and 

temporal sensing. Surprisingly simple ANNs with different efficient chemotactic strategies are found using 

NEAT.  

Interestingly, by including noise in temporal sensing a biased run-and-tumble motion  naturally emerge. 

The corresponding run times up and down the gradient are exponentially distributed, as measured in many 

experiments, and are biased towards positive field gradients.  

 All in all, our work demonstrates how microswimmers can efficiently perform chemotaxis in viscous 

environments using surprisingly simple decision making machinery. 

FIGURE 1. (a) Three-bead swimmer in a viscous and chemical (b) environment. (c) An agent controls the forces F1 and F3 on the 

beads and hence the motion of the arms. (d) Reward function to be maximized via reinforcement learning in successive NEAT 

ANN generation. 
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Polydopamine (PDA) has a wide range of applications in biomedicine due to its high biocompatibility. The 

presence of many functional groups on the surface of PDA enables a very easy modification. It is also possible to cover 

different types of materials i.e. polymers, ceramics, and metals with PDA to improve their properties and stability or to 

use it as a template for further functionalization. In addition, PDA as a catechol-like material exhibits excellent chelating 

properties for binding various types of metal ions, including iron. The big advantage of PDA is the wide range of 

absorption leading to the exchange of infrared laser light (808 nm) into heat. That’s why PDA is a promising material for 

cancer treatment with the use of photothermal therapy.[1]  

There is an urgent need to develop multifunctional nanomaterial which will overcome the still escalating problem 

of insensitivity or resistance of cancer cells to the drugs. Here we present our idea of using PDA nanoparticles (NPs) as 

a carrier for combined multidrug chemo- and photothermal therapy. We obtained nanoparticles with curcumin as a core 

and PDA as a shell. Further surface were functionalized with PAMAM dendrimers as a conteiners for doxorubicin 

(DOXO) loading. Using a combination of DOXO with CUR we wanted to investigate the influence of CUR on treatment 

efficiency.[2] It is known that CUR can be good support for chemotherapy, because of blocking ABC transporters which 

are responsible for DOXO pumping out from the cells, known as the MDR effect. Unfortunately, CUR is insoluble in 

water, that’s why it is necessary to find a proper way to deliver it to cells.[3] As a result, we present our idea for efficient 

CUR delivery, physicochemical characteristic of the carrier and a comprehensive comparison of their biological activity 

on two different types of cancer cells. 
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