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RIANA - Research Infrastructure Access in Nanoscience & Nanotechnology - is an infrastructure
project funded by the European Commission providing scientists with access to cutting edge
experimental and computational instrumentation. The RIANA consortium encompasses 56
beneficiaries organized in seven networks and offering access to 69 infrastructures in 22 European
countries.
The available installations allow the characterization of both soft matter and solids and also
include access to supercomputer computing time.
In addition to mere access to infrastructures, RIANA offers a service for inexperienced users
to help them identify the most suitable experiments, conduct them and analyze and interpret
collected data.

Figure 1: The RIANA consortium provides access to 69 infrastructures in 22 European countries

Applications for measurement time have to be submitted through the RIANA web-portal under
https://riana-project.eu/ and will be reviewed by a panel of international experts. After
successful application, the usage of instruments will be free of charge for the users, and RIANA
will make a financial contribution to the traveling expenses of two operators per experiment.
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Crystallization stands as a prime example of self-assembly, where elementary building blocks
converge to orchestrate order from chaos. Although classical theories frame this process as a
particle-by-particle addition, recent evidence points to more complex, non-classical pathways.
Using index-matched colloids bearing stable positive and negative charges, we directly observe
ionic crystallization in real time through confocal microscopy, effectively granting “X-ray vi-
sion” at sub-micron length scales. We not only confirm structures by comparing their simulated
scattering patterns to known atomic arrangements, but also track defect motion and twinning
events as crystals form and melt.

Our findings reveal that ionic colloidal crystals form predominantly via a two-step process. First,
metastable amorphous “blobs” condense from the dilute phase; these blobs then reorganize in-
ternally to seed small crystalline domains. Subsequently, these crystalline seeds grow into large
faceted structures through three parallel mechanisms: addition of monomers from solution, ab-
sorption of surrounding blobs, and oriented attachment of other crystals. These processes occur
both in bulk and on surfaces across a range of particle sizes and interaction strengths.

Leveraging a continuous dialysis strategy, we gain precise spatiotemporal control over the salt
concentration—and thus over the colloidal interaction potential—allowing us to uncover diverse
crystal polymorphs in a single experiment. Intriguingly, we observe a previously unreported
open-lattice phase with hollow channels and complex heteroepitaxial growth of composite ar-
chitectures. Taken together, these results illuminate the intricate pathways of non-classical
crystallization and provide a robust experimental platform to image, analyze, and tune crystal-
lization in real time.
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Quasicrystals are one of the most intriguing phases in classical matter. Defying the normal
constraint of periodicity that applies to normal crystal structures, they can exhibit rotational
symmetries that are forbidden for periodic crystals, e.g. 10-, 12-, 18-, 20-fold symmetries. These
symmetries can be easily recognized in their diffraction patterns – and it is this characteristic
that led to their original discovery by Dan Shechtman in 1984. While quasicrystals were first
found in atomic systems, they have since been found in a growing number of soft-matter systems,
including nanoparticles, polymers, and micelles. How simple can a system be and still exhibit
such an atypical, complex phase? Why does such a phase form in the first place? In this talk I
will address these questions, and many others regarding the appearance of quasicrystals in soft
matter. In particular, I will show how even a simple system of hard spheres can be designed to
form quasicrystals. I will discuss the huge importance of entropy in their stabilization, and end
the talk by delving into the appearance of point defects in these systems – and introducing new
simulation methods that will help us address them.
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Suspensions of non-Brownian particles jam when the volume fraction is above some maximum,
φm, due to inter-particle friction [1]. Such jammed suspensions are solids with finite yield stress,
and occur, e.g., in various confectioneries worldwide, from Indian burfi to Scottish fudge and
tablet. Such confectionaries are prepared by boiling and cooling a sugar-cream-butter mixture
to some Tmax with various degrees of mechanical agitation. We find that there is a transition
from fluid to ductile solid and then to a brittle solid as Tmax increases. In a compression test, the
emergence of brittleness is accompanied by the appearance of abrupt fractures, see Figure, and
a stress overshoot in the force-distance curve. Comparison with the behaviour of suspensions
of non-Brownian calcite particles [2] and simulations shows that this transition is a generic one
driven by volume fraction, with the system becoming solid at φm, and the solid transitioning
from ductile to brittle as the particle packing becomes progressively more homogeneous en route
to random close packing. We discuss these results in the context of growing interest in ductile
to brittle transitions in a broad range of amorphous systems, including many soft materials [3].

Figure 1: The ductile (upper sequence) and brittle (lower sequence) failure of fudge – a high-
volume-fraction suspension of sugar crystals – as it is compressed in a universal testing machine.
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Waterborne latex films, obtained from the dispersion of latex particles are of particular interest due to 
the non-content of volatile organic compounds (VOC), often mandatory under environmental legislation 
[1]. However, abrupt water penetration inside the films restricting their lifespan and deteriorating the 
shining of the coating. In order to prepare efficient and solvent-free coatings with the low glass-transition 
temperature (Tg < the drying temperature) but with higher mechanical strength, we have integrated 
hydrophilic layers (Acrylic acid/ Poly(acrylamide)) around the hydrophobic cores (mixture of Methyl 
methacrylate and Butyl acrylate) and also hard shell around the soft core in the latex film. Latex particles 
with different morphology (hairy layer variants and core-shell particles) have been synthesized using 
emulsion polymerization [2]. Polymer latex films have been prepared in the next step by evaporating 
water in a thermo-humidistatic chamber at temperature 25 oC. The structure formation of polymer latex 
films in the dry state (crystallinity) and in re-swelled state (change in crystallinity and whitening or 
blushing) have been studied to propose a recipe for the preparation of efficient latex coatings. Small-
Angle Neutron Scattering (SANS) study shows the FCC-like structure formation by the latex film, which 
gets better ordering with the inclusion of the hydrophilic shell. The hydrophilic shell also promotes the 
formation of the homogeneously water-swollen film and slows down the development of water 
“pockets”, preventing the deterioration of the latex film over time. On the other hand, the inclusion of 
hard shell protects the latex films from water whitening and provides additional mechanical strength. 
The interdiffusion between the latex particles has been analyzed by mixing H/D polymers. The transfer 
of polymer chains through interparticle boundaries that vanishes the crystalline structure and results in 
a formation continuous material.  

 

Figure 1: Small-angle neutron scattering results of (Left) core-shell dispersion 
under different contrast (Right) structure and hydration of latex films made of 

core-shell dispersions. 
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Tannins display very peculiar properties, such as antioxidant and antimicrobial activity, which 
make them promising compounds for a wide range of applications beyond oenological and 
tanning products. In particular, the generation of tannin nanoparticles would represent a 
significant advancement towards the valorization of this class of natural polyphenols. Tannins 
display a complex and heterogeneous structure which hinders the rationalization of their 
aggregation behaviour.1 
Nevertheless, due to structural similarities with lignin, it can be hypothesized that the 
aggregation mechanism is based on the same driving forces. Specifically, the presence of 
different functional groups, mostly represented by hydroxyl groups and phenolic units, could 
give rise to both long-range interactions (e.g. van der Waals, electrostatic forces and 
hydrophobic interaction) and short-range interactions (e.g. H-bonds and π-π interactions). 
Moreover, the interplay between the mentioned interactions depends strongly on the solvating 
environment.2 
In this framework, this study aims at unveiling the self-assembly behavior of tannins by 
investigating two model compounds, namely tannic acid and quercetin, as these molecules are 
often found in natural tannins. To this end, a wide range of solvents, sample concentrations, 
and other variables including pH, ionic strength, and temperature were modified exploiting 
previous knowledge on lignin aggregation.3 Through the change of the ionic strength of the 
antisolvent water used in the synthesis of the nanoparticles, we were able to tailor the size of 
tannins aggregates, which was found to  depend on the tannin structure and on the presence of 
impurities.   
The size of the prepared tannin nanoparticles was analyzed by DLS and correlated to the 
structure of the starting materials, determined by 31P NMR, 1H/13C HSQC, GC-MS, and 
HPLC,4,5 to comprehend the main structural features triggering self-assembly and to derive 
structure-property correlations.6 
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Filler dispersion in rubber compounds may be facilitated by grafting polymer chains on the
surface of the filler particles, supposedly altering the interparticle interactions by giving rise
to repulsive forces between approaching particles. If these forces are of sufficient magnitude,
particle aggregation/agglomeration may be prevented [1]. By zooming onto the thin interface
formed between nearby particles, we obtain physical system that may be represented by polymer
brushes placed on opposing flat planes. Force/Energy profiles for such a setup have so far been
studied theoretically and measured experimentally just for the case of brushes immersed in
a low molecular weight (good) solvent. Available results confirm the existence of repulsive
interactions that increase monotonically with brush overlap [2]. The proposed mechanism is
that brush overlap increases the local concentration of grafted chains, leading to an increase of
the solvent osmotic pressure. As a response, the solvent rushes within the pore, causing the
observed repulsion. In this work we aim to examine the current picture and further expand it
to include the case of brushes surrounded by a chemically identical polymeric solvent. To this
end, we perform coarse-grained molecular dynamics simulations, exploring how the properties
of the system evolve with separation for different sets of parameters and in both quiescent and
dynamic conditions.

Figure 1: Opposing polymer brushes forming on the surface of approaching particles
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Silicate glasses (amorphous silica, window glass etc...) undergo plastic flow at room temperature
(Fig.) but, in keeping with their brittleness, only at small lengthscales (microns). In the last
two decades, we have developed tools to quantify this local plastic response [1]. One of them,
pillar microcompression in situ in a SEM [2], turns out to be affected by a curious phenomenon :
the yield threshold decreases under electron irradiation [3].

Figure 1: In situ microcompression of amorphous silica in a SEM (pillar height 4 μm) at room
temperature : 1) before compression ; 2) moderate plastic strain ; 3) large plastic strain. At
the micron scale, even at large strains, the permanent deformation primarily consists of plastic
flow, with very limited damage or fracture. From [2]

We have carried out extensive experiments which demonstrate that it is the viscoplastic flow
dynamics which scales with current density : by gradually increasing the irradiation current
density, we can peer into the lower and lower strain rate regimes. The results establish a
convincing parallel with the flow dynamics in the supercooled liquid state (at temperatures
around the glass transition temperature Tg) : we find time-current density superposition (in
place of time-temperature superposition), a non-newtonian, homogeneous flow regime with a
logarithmic dependence of yield stress with strain rate, and a transition to a localized plastic
flow at high strain rates. Interestingly, all these results have parallels in the plastic flow of e.g.
metallic glasses in the supercooled liquid state, and likewise can be described by standard rate
theory [4].
Does it mean that rate theory applies to the viscoplastic flow of silicate glasses at room tem-
perature ? Probably not : very recently, we have measured the temperature dependence of the
yield stress (as a function of strain rate i.e. under irradiation) and we have found that this
temperature dependance is not consistent with simple rate theory. More precisely, within an
Eyring description [5], our data call for a marked increase of the effective activation volume with
temperature.
In summary, we have found the remarkable result that the dynamics of the viscoplastic flow
of silicate glasses at temperatures much lower than Tg is very similar to the dynamics of the
viscous flow near Tg. Only much slower... For the post part, it can be described by rata theory.



These considerations echo recent theoretical claims which evidence strong connections between
the two regimes [6, 7]. However, in detail, we find that rate theory does not apply because the
temperature dependence is not conventional. This observation certainly calls for more advanced
descriptions of plastic flow in the glassy state, which are yet to be developed.
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Glass-forming liquids have only a modest tendency to crystallize and hence their dynamics can be
studied even below the melting temperature. The relaxation dynamics of most of these liquids
shows at a temperature Tc (close to the theoretical Mode-Coupling Temperature), somewhat
above the glass-transition temperature Tg, a crossover, which indicates the conjunction of two
different dynamical regimes. For temperatures slightly above Tc, experiments and computer
simulations have extensively probed this dynamics on the particle level and identified several
universal scaling laws that are often compatible with theoretical predictions.
In this presentation, I will show that those studies can be successfully extended to temperatures
below Tc using large scale computer simulations [1]. The main finding is that the relaxation
mechanism is qualitatively different from the one found at higher temperatures and that it
is characterized by new scaling laws that allow to give a simple description of the relaxation
dynamics at very low T s. Specifically we reveal that the cage-escape process is related to rare
but large particle displacements that give rise to a distinctive sub-diffusive power-law in the time
correlation functions. This insights will help to advance our understanding on the relaxation
dynamics of glass-forming systems at temperatures that are close to the experimental glass
transition.
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Wormlike micelles serve as excellent model systems for semiflexible polymers, with their structure-
property relationships crucial for both academic and industrial applications. While scattering techniques 
have been used to investigate key structural parameters, microrheology offers a dynamic approach to 
probing their viscoelastic properties. By tracking Brownian motion, microrheology extends the 
accessible frequency range to 102 – 105 rad/s, enabling the determination of persistence length from 
high-frequency rheological responses, as successfully demonstrated by previous microrheological 
studies. Revisiting and expanding upon these studies, this work extends microrheological analysis 
beyond persistence length measurements, demonstrating how the measured modulus can be employed 
to determine molecular weight and Kuhn segment radius in cetylpyridinium chloride/sodium salicylate 
wormlike micelles. Utilizing diffusing-wave spectroscopy microrheology, we identified the crossover 
between Zimm and bending modes, calculating relaxation times and moduli. We then estimated the 
molecular weight of Kuhn segments, obtaining results consistent with static light scattering and literature 
values. This work highlights the power of dynamic microrheology to extract structural parameters. 
These findings provide a refined methodology for molecular weight determination at dynamic mode 
boundaries. This method is applicable to semiflexible polymers. It shows that dynamic measurements 
can be used to extract structural information. 
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Figure 1: Amplitude of complex modulus for cetylpyridinium/salicylate wormlike 
micelles as a function of angular frequency. Determination of crossover point of 

bending mode and Zimm mode.  
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The formation of water-in-water droplets via liquid-liquid phase separation (LLPS) is crucial
for drug delivery and biomanufacturing and has important implications for understanding the
formation and dynamics of membraneless organelles in biological cells. However, studying LLPS
in microfluidic systems is challenging due to the low surface tension of water-in-water droplets,
which complicates their formation, stabilization, and long-term observation. Existing methods
rely on surface treatments or encapsulating agents to stabilize the droplets, which can interfere
with the phase separation process.

Figure 1: Microfluidic dead-end chamber devices for the study of water-in-water droplets and
biological cells. (A) Micosopy image of a typical device with main channel and dead-end chambers
(B) Fluorescence microscopy imaging of water-in-water droplet formation in the chambers (PEG-
dextran system). (C) Schematic illustration of dead-end chamber device used for cell studies,
here focused on studying the cell cycle in different extracellular environments.

In this study, we present a microfluidic platform in which water-in-water droplets can be gen-
erated and stabilized in dead-end chambers via controlled diffusion from a main flow channel
(Fig. 1A). This approach eliminates the need for stabilizers and enables real-time fluorescence
microscopy monitoring. We validate the platform by studying the phase separation of polyethy-
lene glycol (PEG) and dextran solutions (Fig.1B) and employ it in the study of coacervate
formation. We show that the platform enables us to reversibly form coacervates with multiple
internal compartments in a two-component associative LLPS system, which has not been pre-
viously reported. We also show how the platform can be used in the study of biological cells.
We demonstrate that cells can be efficiently delivered into the dead-end chambers by exploiting
diffusiophoresis, driven by concentration gradients, without affecting their viability. Making use
of this, we employ our platform for studying the influcence of physical parameters, such as the
viscosity of the extracellular environment, on the cell cycle (Fig.1C).
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Accurate measurement of pair interaction potentials is crucial in colloidal and soft matter sys-
tems. Optical tweezers enable direct extraction of these potentials, but systematic errors—such
as z-motion fluctuations, dynamic error from time-averaging, and static error due to tracking
uncertainty—distort measurements. In this study, we develop a model to quantify these errors
and validate it through controlled experiments that disentangle their individual contributions.
Furthermore, we establish a correction framework that systematically removes distortions, al-
lowing the recovery of true interaction potentials. As a demonstration, we apply this method
to depletion interactions modelled by the Asakura-Oosawa potential, successfully reconstruct-
ing the true interaction strength. Our study provides a guideline for precise optical tweezer
measurements and represents a step toward absolute interaction measurements in soft matter
research.
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Self assembly is nature’s preferred means of forging both inanimate and animate matter.(1; 2)
Inspired by nature, researchers have undertaken studies aiming to understand the design prin-
ciples governing both equilibrium and non-equilibrium self-assembly processes. In this context,
colloids—particularly gold nanoparticles (AuNPs) with their intense UV-Vis response—offer an
ideal platform for studying the design principles of complex self-assemblies. In this work, we
demonstrate the formation of transient and oscillating systems using AuNPs as building blocks.

To choreograph a transient self-assembly response, we capitalized on the pH-dependent electro-
static interactions between EDTA (linker) and positively charged AuNPs (bearing quaternary
ammonium headgroups). EDTA effectively bound [+]AuNPs at pH 11 but failed to do so at pH
values below 8 (see scheme left). Spontaneous absorption of CO2 from the atmosphere induced
an autonomous pH drift towards acidic values, facilitating transient switching between ’plas-
monically off ’ and ’plasmonically on’ states—a challenging feat owing to strong van der Waals
interactions in AuNPs. Additionally, we demonstrate an efficient waste removal mechanism to
mitigate damping effects across transient self-assembly cycles.(3)

Moving up the complexity ladder, we demonstrate an oscillating system comprising of thermore-
sponsive self-assembly of AuNPs.(4; 5) In this setup, DNA-coated AuNPs are glued together
using a DNA-based linker (see right scheme). Upon photoirradiation, nanoparticles disperse due
to photothermal heating, resulting in the melting of the H-bonding interactions that glue the
AuNP aggregates. By selectively irradiating the bottom part of the NP dispersion, we induce
convective flows, resulting in oscillations in the extinction intensity of AuNPs (see scheme right).
This system operates akin to an electronic oscillator, transforming continuous NIR irradiation
into an alternating optical signal with a period nearing 60 seconds. It is noteworthy that both
these studies were designed so that the system could interact with the environment to show
transient and oscillating behaviours.
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Figure 1: Experimental designs illustrating the progressive increase in system complexity. The
left panel shows a transient system where pH-induced changes drive the self-assembly and dis-
assembly of AuNPs, while the right panel depicts an oscillating system enabled by photothermal
heating and convective flows.
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The formation of particle strings under shear in viscoelastic media is an elegant method to induce
anisotropy in suspensions: Shear thinning and elastic stresses, quantified by the Weissenberg
(Wi) number, arise in the medium under flow and drive the particles to arrange in pearl-
necklace like string structures [1,2]. While alignment is desired for many applications, such as the
formation fibers in biopolymer solutions, or of fibrous meat analogues, the required processing
parameters for viscoelasticity-induced alignment precludes such implementations: traditionally
is has been observed only at high shear rates or in strongly shear-thinning fluids. By applying
oscillatory shear protocols we mitigate this and achieve more feasible processing conditions.

v v

With counter-rotating rheometer with transparent geometries, we systematically investigate the
shear-driven assembly of noncolloidal polystyrene (PS) spheres in a density-matched polyethy-
lene oxide (PEO) solution. By varying the Weissenberg number (Wi), we map the stability
and dynamics of string formation. Computationally, we extract a time-resolved structural evo-
lution and identify key stability regimes and an instability mechanism. We found tuneable
string morphology by controlling the number of particle-particle meeting events through con-
trolling the amplitude of the oscillation. Beyond the model system, we extend this concept to
food-relevant formulations and demonstrate anisotropic structuring in viscoelastic biopolymer
suspensions (e.g., xanthan gum) with microalgae and protein particles. Our findings show that
particle attraction enhances the stability of these aligned structures under flow, while retaining
the tuneability found with the model systems.
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2 Malmö University, Biofilms–Research Center for Biointerfaces and Department of
Biomedical Science, Malmö, Sweden
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Scattering techniques are non destructive and can be used to probe in situ structural dynamics
of food upon digestion. Studying food resilience and digestion pathways comes handy when we
focus on developing novel foodstuffs, in this work we focused on pea globulins-based hydrogels
as platform for sustainable proteins. It is known that altering the pea protein profile, changing
the legumin/vicilin ratio, will results in different mesostructure and rheological protein of the
gel but in this work we focus on how this will affect the digestibility of the substrate. We probed
hydrogels digestion in situ using neutron scattering techniques at the D33 beamline at ILL within
a microfluidic device. The substrate is embedded within the chip while simulated gastric fluid is
flawed through microfluidic pump system on top of it, and the scattering pattern is continuously
acquired. Similar experimental setup has been adapted to synchrotron SAXS experiments at
CoSAXS beamline at MAXIV and to confocal scanning laser microscope, in order to give us
a multiscale picture of the process. Structural dynamics shows a slower structural collapse of
the gel network when a higher concentration of vicilin is present in the protein isolates. While
SAXS data support findings from the SANS profiles, slight differences emerges, possibly due
to the different activity of pepsin in deuterated water. Developing new strategy to study in
situ digestion of solid foodstuff is pivotal to deliver more nutritious and safe food. In this case
we show how different way of sourcing globulins from pea seeds can affect the digestibility of
the final product. Moreover, the present works aim to reflect on how x-rays and neutron result
complementary in such study.

Figure 1: A) Setup in use at D33 (ILL, Grenoble). B) Zoom on the sample holder. C) Sketch
of the microfluidic device in use. D-E-F) Results of CSLM, SAXS and SANS experiments.
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A. Alamri 1, K. Vöıtchovsky1
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Biological membranes are structurally dynamic, undergoing continuous changes in curvature.
Numerous cellular processes, including endocytosis, exocytosis, organelle formation, and extra-
cellular vesicle formation, occur in regions of high curvature (below 300 nm) [1]. High curvature
influences biomembrane properties, leading to phase separation, lipid sorting, packing, and do-
main formation, crucial mechanisms underlying physiological and physiopathological events at
the cellular level [2]. However, we still lack a comprehensive understanding of some key mecha-
nisms by which high curvature influences cell membrane behaviour. For example, little is known
about the effects of curvature on the organization of ions adsorbed to a membrane or in its prox-
imity, as well as the effects of curvature on the hydrogen bond network of water surrounding
the cell. A full understanding of these mechanisms will provide deeper insight into the profound
interplay between cell properties and the surrounding environment. Practically, investigating
these effects remains experimentally challenging. One approach is to simplify the problem using
supported lipid bilayers (SLBs). Model SLBs on highly curved surfaces (less than 100 nm cur-
vature) can provide insights into these processes in situ and with high resolution owing to the
control of membrane composition and increased spatial stability.
In this project, we devise a strategy for the systematic in situ investigation of membrane cur-
vature. First, we develop a protocol to create hydrophilic substrates with precisely controlled
curvatures (Fig.1). SLBs are then deposited onto these high curvature substrates. Finally,
atomic force microscopy imaging and spectroscopy are employed to investigate the effects of
high curvature on SLB properties. The results lay the foundation for depositing lipids onto the
substrate, creating models of cell membranes with full control over their curvature and analysing
their properties when exposed to a fluid environment with varying ionic strengths.

Figure 1: Sketch of SLB with curvature on nanoparticle (Created with BioRender.com)
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The extensional behavior of saliva plays a key role in aerosol formation during speech, influencing
the airborne transmission of viruses like SARS-CoV-2 [1]. To understand these dynamics, we
investigate the extension and retraction dynamics of impulsively generated jets with a Drop-
on-Demand system, as seen in figure 1a), using the viscoelastic model fluid of bridged micro-
emulsions. While the retraction dynamics of Newtonian fluids are primarily driven by capillary
effects, the retraction of viscoelastic filaments is accompanied by additional polymeric stresses
that arise due to the flow deformation prior to the pinch-off [2]. This can be seen in figure
1b) as the terminal slope of the jet length. By quantifying these stresses one can extract the
relaxation time of the model fluid, to establish a framework which allows to characterize the
extensional properties of saliva and other viscoelastic fluids. This approach provides new insight
into the mechanical response of viscoelastic fluids at high strain rates, with possible implications
for disease transmission.

Figure 1: a) The extension and retraction of a wormlike micellar jet b)Temporal evolution of
the jet length L(t) for several different fluids
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Evaluation of disposable PDMS rheometer
geometries for bulk rheology measurements on P.

putida biofilms during growth
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Biofilms are surface-associated bacterial communities of cells enclosed in a matrix of self-produced
extracellular polymeric substances. While undesired in many domains such as wound healing,
food production, medical treatments and industrial fouling, biofilms are also growing in impor-
tance as a positive tool in biotechnological applications including bioremediation, biofertilization
and energy production. Biofilms are viscoelastic in nature, allowing them to adapt to a changing
environment, and significantly complicating their mechanical removal.

Figure 1: Illustration showing the geometries used. (Left). Rheological time sweep of a P. putida
biofilm growing under flow (Right). The test was conducted at a 150 m gap and 30 C, and
supplied with 1.1 mL/h of LB medium (10 g/L tryptone, 5 g/L yeast extract, and 5 g/L NaCl).

Understanding the mechanical properties of biofilms is thus a crucial aspect to many applications.
However, their rheological characterization is difficult due to the inherent change of the biofilms
heterogeneous structure when transferring and loading onto conventional measurement tools [1].
In this work we demonstrate how to adapt conventional rheometry to the study of biofilms. More
precisely, the evaluation and use of disposable PDMS geometries, where the biofilm can be grown
under relevant conditions (flow of nutrients, temperature) is shown. For the geometries, custom-
made 3D-printed molds are used to prepare biocompatible and oxygen-permeable PDMS plates.
Special care has to be taken to ensure alignment of the PDMS geometries, as the measurements
occur at low gaps (∼ 100 m). The setup developed here allows to grow biofilms in situ, directly
on the PDMS geometries, eliminating the need to scrape and transfer the biofilm. Furthermore,
the setup allows to feed the biofilm with nutrients via a channel structure integrated into the
PDMS geometries, allowing to obtain long-term, time-resolved information of the rheological
properties and the role of nutrient conditions.
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The increasing electromagnetic interference (EMI) from electronic devices due to rapid techno-
logical advancements poses a growing concern. Conductive polymers, known for their lightweight,
environmental stability, durability, and tunability, offer a promising solution for EMI shielding.
Polyaniline (PANI) is a particularly effective conductive polymer but is limited by its poor pro-
cessability. The dispersion of the PANI emeraldine base (PANI-EB) in dodecylbenzenesulfonic
acid (DBSA) overcomes this limitation by forming a viscous paste, where DBSA acts as a dis-
persant and dopant, enabling 3D printing[1].

This study investigates the rheology and 3D printing of polyaniline doped with DBSA con-
sidering the enhancement of electromagnetic shielding as a priority. The PANI is synthesized
through chemical oxidative polymerization of aniline and then mixed with DBSA to form a 3D
printable ink. The 3D printability is then confirmed using rheological shear rate ramps tests,
creep tests, and oscillatory amplitude sweeps. Using direct ink writing (DIW), we fabricate
samples to study their dielectric behavior (10−3 to 107 Hz) and EM response(8 to 12 GHz).
We systematically analyze how different 3D printed designs such as; plain filled and patterned
geometries (honeycomb, grid) affect the EM shielding performance.

Figure 1: DIW of PANI, fabricating a rectangular grid structure for EM shielding

Through precise characterization, we aim to demonstrate that EMI shielding can be maintained
with minimal material content and we explore the transition of the EM shielding mechanism from
reflection to absorption by manipulating material properties and 3D printed geometries. This
study demonstrates the potential of 3D printable PANI to provide customizable EM shielding
solutions for advanced technological applications.
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We discuss possible strategies to obtain classical density functionals for the description of in-
homogeneous colloidal systems with methods of machine learning [1]. In particular, we will
concentrate first on neural density functional theory introduced by Sammüller and coworkers [2]
which has recently been shown to be capable to describe 2D and 3D inhomogeneous systems [3].
Secondly, we use the example of patchy particles to describe approaches for anisotropic particles,
where the inhomgeneous density profile depends on position and orientation of the particles [4].
As an example, the machine learned functional is able to describe drying at a hard wall with
full account of the particle orientations.

Figure 1: Machine learning for 2D hard disks: (a) external potential with a hard surrounding box,
density profile from (b) a selfconsistent minimization of an ML functional and (c) simulations
with (d) showing the difference.
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Machine learning of glass transition temperature
from chemical structure in conjugated polymers
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Conjugated polymers (CPs) have diverse applications in organic photovoltaics, field-effect tran-
sistors, secondary batteries, and light-emitting diodes. The mechanical properties of polymers
undergo significant changes at the glass transition temperature (Tg). Below Tg, polymers are
hard and brittle, while above Tg they become flexible and elastic. For applications in soft elec-
tronics, designing CPs with a Tg below room temperature is highly desirable to optimise on
flexibility in their operational temperature range. This highlights the importance of predict-
ing Tg from chemical structure, enabling cost-effective material design. CPs have a complex
molecular structure, featuring a stiff backbone that is primarily composed of aromatic groups.
Chain flexibility is controlled through the introduction side chains, which effectively plasticize
the polymer. The side chain topology can vary through size, branching and the incorporation of
ringed groups. Furthermore, the presence of multiple distinct side chains within the repeating
unit adds another layer of structural complexity.

Figure 1: Illustration of this work, from the monomeric units to the final Tg prediction.

To address this challenge, we propose a probabilistic machine learning model powered by
Bayesian inference to predict Tg directly from chemical structure. We benchmark our model
against existing CP models in the literature, demonstrating a leap in predictive performance for
new, unseen CPs; e.g., achieving an R-squared of 0.91, compared to the next-best CP model at
0.80. Our modelling framework demonstrates a simple yet general approach to complex polymer
structures by breaking down the chain repeat unit into smaller, more manageable, substructures.
Then, a combination of group contributions (GC) and quantitative structure-property relation-
ships (QSPR) approaches is used to link the substructures to Tg. To validate the generality
of our framework, we also demonstrate its application to the prediction of Tg from chemical
structure in poly(aryl ether ketones) (PAEKs) [1].
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Carbon dioxide (CO2) has a fundamental role in biological processes throughout the biosphere.
Although much is known about the impact of CO2 on the overall physiology of an organism,
much less is known about how its interaction with specific biomolecules may affect their function
[1, 2]. Our work focuses on carbamylation, a non-enzymatic reversible protein post-translational
modification (PTM) where CO2 binds onto the neutral lysine ε-amino groups [3]. A novel mass
spectrometry-based experimental technique, TEO trapping, has recently been used to demon-
strate that, for reasons yet unclear, CO2 does not bind to all lysines [2]. While informative, this
experimental technique is laborious, which limits our ability to gain a clear and comprehensive
view of the interactions between CO2 and proteins. For this reason, we are conducting exten-
sive molecular dynamics simulations and developing a computational method to predict which
lysines, in any protein, may undergo carbamylation. We found that standard metrics (pKa,
solvent accessible surface area, and amino acid depth) are insufficient to single-handedly explain
why some lysines may be modified, but not others. Therefore, we are now exploring other scalar
metrics and the usage of atomic environment vectors, commonly used in machine learning, for
this classification task.
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The Derjaguin-Landau-Verwey-Overbeek (DLVO) theory has been remarkably successful in de-
scribing the phase behavior of charge-stabilized colloids in solution. However, it fails to explain
phenomena that suggest attractive interactions between like-charged colloids, particularly in
low-salt solutions [1]. Simulations can give insight into these interactions. Unfortunately, simu-
lations of charged colloidal suspensions with explicit ions, known as primitive model simulations,
are computationally intensive. To overcome this challenge, we use machine learning (ML) tech-
niques to develop an effective coarse-grained many-body potential for charged colloids, thereby
eliminating the need to simulate explicitly the ions in solution, as illustrated in Fig. 1. We
construct these effective many-body potentials by expressing them as a function of all colloid
coordinates, using a set of two-body and three-body symmetry functions, and fitting them with
a simple linear regression scheme.

Figure 1: Using a machine learning framework we generate a coarse-grained many-body poten-
tial, eliminating the need to explicitly consider ions in colloidal suspension when performing
simulations.

Using these ML potentials significantly accelerates the simulations while providing new insights
into the intriguing ‘like-charge attractions’ observed between colloids in solution. In this study,
we present the framework for developing these effective potentials and compare them to other
potentials used to describe suspensions of charged colloids. Additionally, we investigate the gas-
liquid and gas-solid coexistence behavior arising as a result of colloidal ‘like-charge attractions’
using simulations employing ML potentials. Our simulations reveal that phase coexistences
found in low-charge electrolytes cannot be directly extrapolated to high-charge electrolytes, a
conclusion that contrasts with predictions based on Poisson-Boltzmann theories [2].
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Polar polymer activity is a fundamental mechanism behind a large number of cellular dynamical
processes. The number and location of the active sites on the polymer backbone play a central
role in their dynamics and conformational properties [1], as well as the presence of additional in-
terparticle interactions [2]. Globular conformations for high motor densities change to stretched
ones for the more realistic moderate or low density of motors. A small difference in the position
of the first motor, or the motor distribution, can also dramatically modify the polymer typi-
cal conformations. Furthermore, polar activity induces a progressive local deformation of the
polymer chains, making a clear distinction between head and tail [3]. For conformations that
get more compact than equilibrium, the tail is more compact that the tail, while for stretched
configurations the head is more extended. This effect persists in melt conditions, which coexists
with a local induced alignment between chain segments [4].

(g)

Figure 1: (a) Polar polymer sketch with head bead in yellow, purple motor beads (arrows for the
force direction), blue tail, and white linker beads. Snapshot for the passive polymer is depicted for
reference in (b), while snapshots from (c) to (f) illustrate globule to stretch conformations with
decreasing motor densities ρm. (g) Simulated melt snapshot with color coded bond alignments.
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Structural maintenance of chromosome (SMC) complexes are involved in genome organization
and regulation via DNA loop extrusion. During extrusion SMC proteins reel DNA from one
or both sides and a loop forms and increases. At low DNA tension (< 0.1pN), Smc5/6 and
Wadjet extrude DNA from both sides of the loop. At higher tension, however, they transition
to a behavior akin to one-sided extruders, yet still capable of extruding from one or the other
side thereby switching the direction of extrusion [1].

Figure 1: The schematic in (a) illustrates the handcuff model used to simulate the loop extrusion
experiment. The simulation begins with the handcuff already bound to the polymer, and (b) shows
the system’s state after the loop has been fully extruded.

We combine single molecule experiments as well as simulations to investigate the symmetry
of loop extrusion and show that it is driven by tension. In order to model this process in
simulations, we propose a coarse-grained model for DNA loop extrusion using a Kratky-Porod
chain as a basis for DNA [2] and a handcuff for SMC proteins. By matching stalling forces, we
are able to simulate loop extrusion on experimental time and length scales. We find that the
observed switching from two- to one-sided behavior does not require a change in motor activity,
but can be explained as an interplay of extrusion, stalling and thermal fluctuations. Our findings
challenge the previous view of loop extrusion symmetry as a fixed characteristic, and reveal its
dynamic nature and regulation by both intrinsic protein properties and extrinsic factors.
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Loop extrusion is one of the main processes shaping chromosome organisation across the cell
cycle, yet its role in regulating DNA entanglement and nucleoplasm viscoelasticity remains
overlooked. We simulate entangled solutions of DNA under the action of generic Loop Extruding
Factors (LEF). We find that extrusion (when exclusively intrachain) drives the formation of
bottle-brush-like structures and significantly lowers the entanglement and effective viscosity of
the system. In marked contrast with unextruded linear DNA, the viscosity of extruded systems
scales linearly with DNA length, yielding up to 1000-fold effective fluidification. Surprisingly,
considering bridging (or interchain loop extrusion) between LEFs yields a marked slowing down,
eventually gellifying the solution. In this talk I will also report on in vitro microrheology
experiments that we performed using dense solutions of Lambda-DNA and yeast condensin,
which agree with our simulations that include bridging interactions. Our results may help to
understand how LEFs contribute to actively modulate genome entanglement and viscoelasticity
in vivo.
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Fluid interfaces provide a powerful platform for the direct and spontaneous self-assembly of
colloidal systems including amphiphilic peptides, where the driving force is the reduction in in-
terfacial energy. [1, 2] Interestingly, self-assembling peptides (SAPs) are versatile building blocks
in the creation of hierarchical nanostructures, offering precise control over obtained morphology
and their dimensions. [3] While mainly driven by non-covalent interactions, the design of SAPs
poses a challenge due to the complex molecular interactions involved. Nonetheless, SAPs have
found significant applications in research fields such as nanomedicine, biosensing, and nanofab-
rication. Using fluid interfaces as a template, we introduce here an original methodology for the
construction of SAPs with precise control over their structural organization. [4] Fluid interfaces
also allow fine-tuning of the ensemble of peptides by an external force, such as the presence
of an imposed interfacial flow. As a consequence, a wide-ranging set of interfacial, functional
structures of different morphology can be achieved. Notably, we report the fabrication of SAP-
based spiral structures, inspired by natural architectures and derived from the SARS-CoV-2
fusion core, showcasing the potential for biomedical applications. [5] The assembly process, crit-
ically dependent on peptide sequence design, is elucidated through a comprehensive suite of
characterization techniques including atomic force microscopy, neutron reflectometry, interfacial
rheology, and Infrared Spectroscopy. Furthermore, we demonstrate the utility of these spiral
structures as templates for metallic replicas, paving the way for peptide-guided fabrication of
tailored nanostructured surfaces with sub-10 nm dimensions over cm2 areas. [4]
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Mixing a concentrated suspension with an immiscible liquid is integral to using formulated
products, e.g. chocolate mixing with saliva, and processing them, such as diluting oil-dispersion
agrochemicals. Interfacial adsorption of particles is usually only considered at dilute concentra-
tions. Here particles wetted by both liquids adsorb with a stress-scale set by surface tension
over particle size, 103 Pa, that seemingly restricts transfer between liquids.

(b)(a)

(d)(c)

Figure 1: Rheo-confocal imaging of the interface between oil-based suspension (red) and aqueous
phase (green) under oscillatory shear, with particles (black). (a) Schematic diagram of experi-
mental set-up (b)–(d) Movement of particles from a 40% solid volume fraction suspension over
time from stroboscopic imaging.

We show using rheo-confocal microscopy, Fig. 1, on a glass-in-oil suspension mixed with an
aqueous phase that particles transfer at stress-scales three orders of magnitude below that pre-
dicted from the single particle picture. These microscopic measurements are supported by a
quantitative model for macroscopic particle transport and the observed drop in viscosity. This
necessitates a multi-particle picture for interfaces with concentrated suspensions that will control
the structures formed in mixing from energy materials to eating chocolate.
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Colloidal self-assembly into ordered structures is being extensively investigated through both
experiments and simulations [1]. These supraparticles exhibit a variety of unique properties,
stemming from the collective structure of the individual colloidal particles. One such example
is the angle-independent photonic properties of icosahedral supraparticles, arising from their
highly symmetric structure [1]. In the literature, icosahedral supraparticles are often charac-
terized using scanning electron microscopy (SEM) [2], but this method has limitations. SEM
can only examine the outer structure, which is the last layer to crystallize, making it unsuit-
able for determining the number and nature of crystalline layers present. Instead, we analyze
these supraparticles using 3D stimulated emission depletion (STED) and confocal laser scan-
ning microscopy; techniques that are already widely used in the field of colloid science. These
methods enable real-space analysis, allowing differentiation between icosahedral clusters and
onion-shell structures, where the interior is crystalline while the exterior remains disordered.
Such structures are often misidentified using conventional SEM analysis. Besides distinguishing
between these structures. STED and confocal microscopy also reveal features like an off-center
symmetry point or local defects, as shown in Figures 1C and 1D respectively. This opens up
the possibility of comparing experimental and simulated photonic properties for structures with
defects, disordered domains, and onion-shell configurations for statistically relevant numbers of
supraparticles.

Figure 1: Obtained particle coordinates, color coded by bond-order parameter machine learned
clustering. A. Anti-Mackay icosahedral cluster. B. Onion shell icosahedral cluster. C. Off-
center icosahedral cluster. D. Icosahedral cluster with a defect the size of several particles.
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Dispersions of globular proteins or colloids with competing short-range attractive (SA) and
long-range repulsive (LR) interactions have a rich phase behavior with different cluster phases.
While three-dimensional SALR dispersions have been intensely studied also regarding their
cluster dynamics [1], less is known about quasi-two-dimensional (Q2D) dispersions where the
particles form a planar monolayer inside a bulk fluid.

Figure 1: Left: Phase diagram of Q2D - SALR dispersion. Middle: Simulation snapshot of a
cluster-percolated Q2D system. Right: Hydrodynamic function H(q) of indicated Q2D phases.

Using mesoscale simulations without and with hydrodynamic interactions (HI) considered, we
have determined the phase behavior and clustering properties of a generic Q2D model where the
Brownian particles interact directly by short-range generalized Lenard-Jones and long-range re-
pulsive screened Coulomb forces [2]. The Q2D phases resemble those in three dimensions but are
different in their microstructure showing different levels of hexagonal ordering. With decreasing
temperature, the cluster morphology crosses over from disk-like shapes in an equilibrium cluster
(EC) phase to double-stranded anisotropic hexagonal clusters in a cluster-percolated (CP) gel
phase. Indicators have been identified signaling the transition from a high-temperature dispersed
fluid (DF) phase to the lower-temperature equilibrium cluster phase. Furthermore, we have un-
covered the dynamics of Q2D – SALR systems including self-diffusion with its non-Gaussian
statistics [3]. The interplay of Q2D motion and HI causes anomalously enhanced collective
diffusion at small wavenumbers q related to out-of-plane fluid backflow. The spatio-temporal
buildup of inter-proteins HI by vorticity diffusion and sound is revealed from time-resolved
hydrodynamic and current (velocity) autocorrelation functions [3].
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The transport of soft deformable particles across lipid membranes by cellular engulfment plays a
key role in biomedical applications, such as drug delivery [1]. The physico-chemical parameters
of the particles that control engulfment are their size, shape, and deformability [2, 3]. Microgels
are particularly versatile because their elasticity can be tuned in a wide range by changing the
density of crosslinkers. Using a elastic network for the microgel and a continuum model for the
membrane, we study microgel wrapping at lipid-bilayers, see Fig. 1.

Figure 1: An initially spherical microgel (a) in-between two parallel walls and (b) attached to a
membrane.

We use the Hertz theory to characterize the microgel’s Young’s modulus and Poisson’s ratio.
With the help of triangulated membranes and energy minimization, we determine the interplay
of microgel and membrane deformation. Our calculations predict stable wrapping states for
microgels with various Young’s moduli at membranes with various tensions. There is a transi-
tion from oblate microgel states at low wrapping fractions to cup-like shapes at high wrapping
fractions. A higher microgel deformability increases the stability of partial-wrapped states. Our
results on this tunable and responsive system will allow the design of the microgels with optimal
elastic properties for suitably tailoring novel biomaterials.
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Knots in polymers and biological macromolecules, such as DNA and proteins, are crucial to
their structure and function. However, the effect of external forces on knots existing in poly-
mers is still insufficiently understood. Here, we investigate the impact of shear and Poiseuille
flow on knotted flexible polymers using Molecular Dynamics (MD) and Multi-Particle Collision
Dynamics (MPCD) simulations [1].

We find that under simple shear (Couette flow), initially loose knots in polymer coils tighten
beyond a critical shear rate. Further increase of the shear rate leads to tumbling motions of
the chains in flow and fluctuating knot sizes. In contrast, knotted polymer globules subjected
to shear unfold into pearl-necklace-like conformations, whereby knots spread across multiple
sub-globules and undergo dynamic topological transitions.

Figure 1: (left) A polymer chain experiencing Couette flow represented by the blue arrows, with
a trefoil knot highlighted in red. (right) A typical time evolution of the knotted region of the
polymer chain under Couette flow. The initial trefoil knot is tightened over time while the chain
stretches.

In Poiseuille flow, knots also tighten under increasing flow strength, with fluctuations in knot
size emerging at high shear rates. Unexpectedly, the channel width significantly influences the
tightening process even at constant mean shear rate.

These findings reveal that both Couette and Poiseuille flow induce major structural and topo-
logical transformations in knotted polymers, offering insight into the behavior of knots under
hydrodynamic forces in confined and driven environments.
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Liquid–liquid phase separation (LLPS) constitutes a crucial phenomenon in biological self-
organization, not only intervening in the formation of membraneless organelles but also triggering
pathological protein aggregation, which is a hallmark in neurodegenerative diseases. Employing
incoherent quasi-elastic neutron spectroscopy (QENS), we examine the short-time self-diffusion
of a model protein undergoing LLPS as a function of phase splitting and temperature to access
information on the nanosecond hydrodynamic response to the cluster formation both within and
outside the LLPS regime [1]. We investigate the samples as they dissociate into microdroplets
of a dense protein phase dispersed in a dilute phase as well as the separated dense and dilute
phases obtained from centrifugation. By interpreting the QENS results in terms of the local
concentrations in the two phases determined by UV–vis spectroscopy, we hypothesize that the
short-time transient protein cluster size distribution is conserved at the transition point while
the local volume fractions separate (Figure 1). The presentation will provide insights into the
colloid picture of protein solutions.

Figure 1: The schematic illustrates the cluster distributions outside (left) and within the LLPS
regime (right) with local dense and dilute regions described by the Flory–Stockmayer model [1].
The inset photographs display the associated protein solution in the visually transparent (left)
and turbid (right) states, the transition being achieved by warming from 280K to 310K.
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To better understand the structure of colloidal assemblies and the nucleation pathways that lead
to them, quantitative information is essential. One way to obtain this information is through
confocal microscopy. However, this technique is diffraction-limited, meaning there is a minimum
particle size below which data cannot be acquired. Smaller particles often exhibit interesting
properties, requiring the use of super-resolution techniques such as stimulated emission deple-
tion (STED). Our group has previously demonstrated that obtaining information about silica
particles below the diffraction limit is challenging [1]. We have investigated the optimal fluo-
rescent core size in core-shell silica particles, as well as the required index-matching solution.
Surprisingly, the latter depended on the age of the particles. Recently, Fan et al. [2] identified
the cause of this issue: large amounts of ammonia are incorporated into silica particles during
synthesis, leading to a time-dependent refractive index when dispersed in water. To mitigate
this issue, we optimized imaging conditions by precisely measuring and stabilizing the refractive
index of silica. Under optimal conditions, where the fluorescent cores are sufficiently separated
and the refractive index mismatch is below 0.005, quantitative real-space data can be obtained
for particles with diameters of approximately 300 nm. This enables the analysis of structures
with interesting photonic properties. As a proof of concept, this approach has also been extended
to supraparticles, which exhibit red structural color with the aforementioned particle size.

References

[1] van der Wee, E. B., Fokkema, J., Kennedy, C. L., Del Pozo, M., de Winter, D. M., Speets, P.
N., ... & van Blaaderen, A. (2021). 3D test sample for the calibration and quality control of
stimulated emission depletion (STED) and confocal microscopes. Communications biology,
4(1), 909.

[2] Fan, Q., Li, Z., Li, Y., Gao, A., Zhao, Y., Yang, D., ... & Yin, Y. (2023). Unveiling enhanced
electrostatic repulsion in silica nanosphere assembly: formation dynamics of body-centered-
cubic colloidal crystals. Journal of the American Chemical Society, 145(51), 28191-28203.

P1



P2



Bicontinuous morphologies formation - structural transition 
model for double diamond and gyroidal architecture 

J. Jenczyk

References 

2012 ,

2024

P3



3.8 nm

Native myelin EAE-modified myelin

4.8 nm

P4



P5



P6



P7



P8



P9



Annual Meeting 2025

Influence of Ionic Conditions on the Liquid-Gas
Critical Point of the TIP4P/2005 Water Model

Mayank Sharma 1, Peter Virnau1
1 Institute of Physics, Johannes Gutenberg University Mainz, Mainz, Germany

Corresponding author: masharma@uni-mainz.de

We perform Molecular Dynamics simulations to investigate the liquid-gas critical point for the
TIP4P/2005 water model. In the canonical (NVT) ensemble, density fluctuations are quantified
and analyzed using a recently developed method [1] based on cumulant crossings. Complemen-
tary simulations in the isothermal-isobaric (NPT) ensemble yield density and energy distribu-
tions, which are mapped onto the universal 3D Ising master curve via histogram reweighting.
The critical points determined by the two approaches exhibit very good agreement, highlighting
the robustness of this methodology. This work establishes a reliable framework for accurately
locating the critical point which is applied to test the influence of ionic conditions on the latter
(see Fig. 1). We plan to extend our study to the second critical point of water, aiming to shift
it to experimentally accessible regimes.

Figure 1: Shift in the critical temperature with increasing NaCl concentration. Experimental
data taken from [2].
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A self-assembly process usually occurs through thermodynamic pathways but the co-existence
of different intermediates and diverse pathways of self-assembly have been observed. Liquid
droplets are one such intermediate in many self-assembly processes, particularly in biological
systems, which form through liquid-liquid phase separations (LLPS). Even though LLPS is a
very well-known phenomena in polymer chemistry, only little is known about the possible role
of LLPS in synthetic small molecule-based self-assembly.

In this project, we aim to study the possible mechanism of self-assembly at the surface of phase
separated liquid droplets to explore the structure and dynamics at various stages of self-assembly
and provide insights into how it can be controlled and manipulated for various applications. To
that end, we develop a simple coarse-grained model for monomers in explicit solvent that self-
assemble into fibers. The model is designed to represent BTA-like molecules in water. It is able
to capture key characteristics of the experimental system such as the competition of fibril forma-
tion and liquid-liquid phase separation. We use it to examine the pathways of fibril formation
from phase separated droplets.
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Diffusing Wave Spectroscopy (DWS) is an extension of standard Dynamic Light Scattering
(DLS), applied to soft materials that are turbid or opaque. The propagation of light is modeled
using light diffusion, characterized by a light diffusion coefficient that depends on the transport
mean free path �∗ of the medium. DWS is highly sensitive to small particle displacements and
local fluctuations in scattering properties, enabling the detection of subnanometer displacements.
One of the most common applications of DWS is one-bead microrheology, where the motion of
beads in a viscoelastic matrix is analyzed. Since its invention in 1987, DWS has seen significant
advancements, including two-cell and multi-speckle techniques. However, challenges remain,
such as merging single and multi-speckle data and improving accuracy for short correlation
times. Here, we address these issues by improving the two-cell Echo DWS scheme. We propose
a calibration-free method to blend and merge Echo and two-cell DWS data. Additionally, we
demonstrate the use of regularized inversion algorithms to enhance data quality at very short
times. Building on this, we introduce stable corrections for bead and fluid inertia, significantly
improving the quality of microrheology data at high frequencies.
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Biofilms are surface-associated bacterial communities of cells enclosed in a matrix of self-produced
extracellular polymeric substances (EPS). While undesired in many domains such as wound
healing, food production, medical treatments and industrial fouling, biofilms are also growing in
importance as a positive tool in biotechnological applications including bioremediation, biofertil-
ization and energy production. The conditions inside of a biofilm are completely different from
the bulk fluid, as bacteria are present in a high concentration in the biofilm, and the secreted
EPS make the whole biofilm very viscoelastic in nature.

Figure 1: Illustration showing the dimensions of the microfluidic channel used (Left). Confocal
micrograph showing a P. putida biofilm 62 h after start of flow (Right). The live cells are visible
in green, the dead cells in red. A 50 m high channel was incubated at 30 C, and supplied with
153 L/h of LB medium (10 g/L tryptone, 5 g/L yeast extract, and 5 g/L NaCl).

In this work we demonstrate how to use confocal microscopy to characterize the structure of
biofilms under flow. More precisely, biofilms are grown in a microfluidic chip, allowing to grow
the biofilm under relevant conditions (shear stress, replenishment of nutrients, temperature [1].
For the confocal microscopy, a high NA water immersion objective is used to image without
any refractive index mismatch and avoid the associated data artefacts. Special care has to be
taken to compensate for water evaporation, as the timelapse measurements are taken over long
timeframes (∼ 65 h). Furthermore, an image analysis pipeline is used to segment the images and
obtain information on the count and orientation of the bacteria, allowing to obtain long-term,
time-resolved information of the structure and growth of the biofilm.
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Jammed suspensions of soft, deformable particles display solid-like properties at rest, whereas
they flow like liquids above a yield stress. The properties of these soft glassy materials are typi-
cally adjusted by modifying either the particle volume fraction or their intrinsic characteristics,
such as their individual elasticity. In this work, we explore a different approach by incorporat-
ing hard colloidal fillers (spherical silica of around 200 nm diameter) in a concentration range
of 2 to 10 wt% into a jammed suspension of soft microgels (polyacrylic acid and polyacrylic
acid-polyacrylamide microgels of between 10 and 20 m diameter). We begin by examining the
linear viscoelastic properties of these mixtures as the filler volume fraction increases, considering
various microgel chemistries that influence interactions between the fillers and the microgels. We
then analyze how the fillers affect the yielding transition and the non-linear flow behavior of
the suspension exploring different flow protocols including shear startup and Large Amplitude
Oscillatory Shear experiments.
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Spectroscopic techniques including infrared (IR) spectroscopy are widely used methods particu-
larly useful in probing the structural organization of (bio)molecular systems, including proteins
and nucleic acids. In fact, several IR bands are highly sensitive to the changes in the structural
organization of biomolecular assemblies. One of the most used signals is that arising from C=O
stretching vibrations as it proved to display relevant changes depending on e.g. the secondary
structure in peptides and proteins or distinct structural motifs in nucleic acids. Nevertheless,
the direct mapping between IR spectral bands and specific structural features is not straightfor-
ward, in particular for systems with a rugged conformational landscape. Here, we use a tandem
quantum/classical computational approach based on the perturbed matrix method (PMM-MD)
formalism [1] for the calculation of IR spectra. This approach has been already successfully
applied to the calculation of IR spectra in polypeptides, both in the amide I region [2] and for
specific side chains bands [3, 4]. Here, it is extended to compute IR bands in DNA nucleobases.
More specifically, we compute the IR spectrum arising from C=O stretching modes of all car-
boxyl containing bases, i.e. thymine, guanine and cytosine, in both water and deuterated water.
We use as a first benchmark the isolated bases in solution, both with and without the ribose
and phosphate moieties. Then, we move to more extended systems and compute the spectra
of single-stranded deca-homonucleotides. At last, we consider an aptamer whose sequence em-
bodies the combination of all nucleic acid building blocks. The comparison of the calculated
spectra with the corresponding experimental spectra shows an overall good agreement. Most
importantly, our approach shows to be able to reproduce the experimentally observed variations
in the spectral signals due to conformational diversity, including stacking and hydrogen bonding
interactions among the bases.
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