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Dear Colleagues and Friends, 

It is a great pleasure to welcome you to Lecce for the 19th European Conference on 

Organised Films (ECOF 19). It is the chance to renovate and strengthen our deep and 

common efforts toward a more robust and efficient sharing of purposes and of scientific 

breakthroughs, advancements and updates. 

Our community last gathered in Puglia for ECOF 8 in Otranto in 2001, and it is especially 

meaningful this year to remember all the dear colleagues who took part in ECOF 8, 

whose ideas, spirit, and commitment continue to inspire us even if some are no longer 

with us. Their contributions, memories, and friendships are part of the foundation upon 

which we build this gathering. We were young in that occurrence, and the organization 

of that Conference was at the same time a bit intrepid, with minimal funding, but with 

the participation of 180 delegates from every continent. But time flies and we are now 

carrying out again this adventure after 25 years with the same passion and enthusiasm 

and with the essential and crucial contributions of younger and strong-willed scientists. 

This year’s conference brings together researchers, industry professionals, and 

emerging voices from across Europe and beyond. Over the coming days, we will explore 

the latest developments in organised film and system studies and practice, exchange 

innovative ideas, and foster collaborations that will shape the field for years to come. 

In a moment when the world faces critical challenges and growing divisions, the mission 

of ECOF resonates more than ever. By advancing understanding, dialogue, and creative 

expression across cultures, our community helps to build bridges and promote a spirit of 

cooperation and peace. The conversations and partnerships we nurture here in Lecce can 

ripple outward, reminding us that knowledge and cultural engagement are powerful 

forces for a more peaceful world. Events such as ECOF 19 play a vital role in encouraging 



 
 

not only scientific progress but also the values of mutual respect, peace, and shared 

development across nations. 

A key goal of ECOF 19 is to reaffirm and strengthen the importance of the ECOF 

conferences within the international scientific landscape, ensuring that our work 

remains at the forefront of global research and continues to attract the most innovative 

minds in the field. 

Our heartfelt gratitude goes to the members of the Scientific Committee, whose 

expertise and dedication have ensured the highest academic quality of the program. 

Equally, we extend our sincere thanks to the Organising Committee, whose tireless 

efforts have made it possible for us to meet in this beautiful city and enjoy a seamless 

and inspiring conference experience. 

We are also deeply honored by the presence of our eminent invited speakers, whose 

pioneering research and visionary perspectives illuminate new directions for our field. 

Their contributions will enrich our discussions, spark fresh ideas, and inspire the next 

generation of scholars and practitioners. 

We warmly acknowledge the generous support of our sponsors, whose commitment has 

been essential in making this event possible. Their contributions help sustain the vibrant 

exchange of ideas that defines ECOF and allow us to welcome participants from around 

the world. 

Finally, we express the hope for a strong and enthusiastic participation of young 

scholars, whose energy, curiosity, and fresh perspectives are vital for the continued 

growth and renewal of our discipline. May this conference provide them with 

opportunities to share their work, form lasting connections, and help shape the future of 

organised system research. 



 
 

Lecce, often called the “Florence of the South,” offers a setting rich in history, art, and 

hospitality. We hope you will take time to enjoy its Baroque architecture, vibrant culture, 

and the warmth of its people.  We are especially proud to host this edition in 

collaboration with the University of Salento, whose commitment to excellence and 

openness to the world has made it a prominent hub in the international cultural and 

academic panorama. The University’s dedication to research, interdisciplinary dialogue, 

and global partnerships provides an ideal foundation for a conference that seeks to 

connect diverse perspectives and advance collective knowledge. 

Thank you for being part of ECOF 19. Your participation is what makes this gathering 

meaningful. We wish you an inspiring conference and a memorable stay in Lecce. 

With warm regards, 

Prof. Ludovico Valli 

Conference Chairman of ECOF 19 
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Carbon Nanodots: a Bridge between Molecules and Nanomaterials 
 

Maurizio Prato 

 
a Center for Cooperative Research in Biomaterials, CIC BiomaGUNE, Paseo Miramón, 194, 20009 

San Sebastián, Spain 
b Department of Chemical and Pharmaceutical Sciences, University of Trieste, Italy 

 
mprato@cicbiomagune.es; prato@units.it 

 

In recent years, the focus of nanoscience and nanotechnology has gradually shifted from the synthesis 

of individual components to their assembly into larger systems and materials. Indeed, the precise 

organization of matter across multiple length scales is of particular interest because of its great 

potential for advanced functions and properties. 

We have recently described a simple, scalable, reliable and cost-effective synthetic process for 

producing high-quality carbon nanodots (CNDs), employing arginine and ethylenediamine as 

precursors [1,2]. The new material displays small size and high fluorescence quantum yields. 

Moreover, CNDs can be easily post-functionalized, due to the abundant presence of amino groups. 

We have also presented a rational synthetic design for mastering CND properties, showing the 

importance in the choice of the precursors. By using properly designed functional units, the 

desired  properties can be modulated, from the molecular to the nanoscale level in a controlled 

fashion. CNDs with customized emission can therefore be approached. Green and white-emitting 

CNDs were synthesized [3,4]. Also, the electrochemical properties of suitably synthesized CNDs can 

be modulated, while chiral CNDs can be prepared starting from chirally stable substrates [4,5]. 

Finally, the CNDs can be proficiently used in organocatalysis, or even in stereoselective syntheses. 

During this talk, we will communicate our latest results in this fast developing field. 
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Porphyrins and Pyrazinacenes for Diverse Applications 
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Supramolecular chemistry and self-assembly methods are key to influence aggregative processes, and 

can be used to control the emergent properties of self-assembled organic nanomaterials. In this work, 

we have studied chromophore compounds with the emphasis on pyrazinacene [1] (N-heteroacenes 

composed of linearly fused pyrazine units) and porphyrin molecules [2]. Different properties are 

accessed from self-assembled structures or from solutions of the materials. Self-assembled structures 

are obtained using Langmuir and Langmuir-Blodgett techniques, nanoparticle synthesis, and 

solution-based crystallization. Principles of amphiphilicity have been applied to generate on-interface 

structures that can be extracted as multilayered films and exploited for application in electronic 

devices. Here, we will describe the sensing [3,4], photosensitization [5] (to generate singlet oxygen), 

and other [6.7] properties of the materials based on molecular structure and state of aggregation. We 

also describe printable structures for sensing applications based on interleaved microcrystalline 

forms. Molecular structure is emphasized as a key feature including the effects of structural 

amphiphilicity, π-π stacking, and conformational flexibility. Self-assembly and supramolecular 

techniques stand out as the most effective methods for obtaining organic nanomaterials having the 

molecule-level definition of structure important for many applications including sensing and 

photosensitization. From this point-of-view, applications based on supramolecular effects or device 

incorporation of self-assembled materials will be discussed. In particular, new classes of singlet 

oxygen photosensitizer and bio-imaging agents [8] have been established as well as sensing of vapor 

analytes using porous self-assembled structures. 

 
Figure. a. Self-assembled porous crystals of functional porphyrins. b, Two-dimensional porphyrin 

Kagome. 
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The remarkable characteristics of 2D materials can be further refined, expanded, and improved by integrating 

them with specifically designed molecules, utilizing principles of supramolecular chemistry. By leveraging the 

extensive range of molecules that can be tailored and synthesized with specific functionalities, it becomes 

possible to engineer 2D materials with adaptable physical and chemical characteristics. This approach enables 

the emergence of novel functionalities, aiming to develop multifunctional hybrid systems suited for electronic 

applications beyond CMOS technology, in line with the “more than Moore” strategy of functional 

diversification.[1] 

In my lecture, I will highlight our recent advances in employing chemical strategies to fabricate flexible 

pressure sensors with improved performance metrics[2] for cardiovascular health monitoring,[3] as well as 

sophisticated, multi-responsive optoelectronic systems[4] capable of mimicking neuromorphic logic 

functions.[5] 
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In oxygenic photosynthesis, the "quantasome hypothesis" led to seminal discoveries correlating the 

hierarchical structure of natural thylakoid membranes with their complementary photo-redox functions. [1] 

Indeed, and despite the vast bio-diversity footprint, just one protein complex is used by Nature as the H2O-

photolyzer: photosystem II (PSII). Man-made systems are still far from replicating the complexity of PSII, 

showing the ideal co-localization of Light Harvesting antennas with the functional Reaction Center (LH-RC) 

embedding a unique tetra-manganate cluster as the Oxygen Evolving Complex (OEC). [1] A recent 

breakthrough in the field of artificial photosynthesis is the discovery of totally inorganic multi-redox clusters, 

as analogs of the PSII-OEC, with a common functional motif, i.e. a redox-active, tetranuclear, metal-oxo core 

boosting H2O oxidation to O2 with unprecedented efficiency. [2] Our vision points to a careful choice/design 

of the catalytic core, of its ligand set and of the surrounding nano-environment. We report herein a synthetic, 

spectroscopic and mechanistic study on the use of multi-metal catalysts for water oxidation and their combined 

use with visible light sensitizers and carbon-based nanostructures (CNS).[3] In particular we will report on the 

design of multi-perylenebisimide (PBI) networks shaped to function by interaction with a polyoxometalate 

water oxidation catalyst (Ru4POM). Supramolecular “quantasomes” form both in aqueous solution and on 

photoelectrode surface, showing a: (i) red-shifted, light harvesting efficiency (LHE > 40%), (ii) favorable 

exciton accumulation and negligible excimeric loss; (iii) a robust amphiphilic structure; (iv) dynamic 

aggregation into large 2D-paracrystalline domains.[3-4] The outcome is a hybrid organic-inorganic 

nanomaterial, evolving into a hierarchical super-structure with a striking resemblance to the natural 

membranes, and enabling water splitting using low energy green photons at overpotentials as low as those of 

the natural enzyme. Water harvesting at the quantasome core turns out to be regulated by its functionalization 

with polyethylene glycol (PEG) chains, mimicking the role of water channels within the PSII protein 

environment. [5] 
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Colloidal particles and microscopy: from swarming to memories 
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Gaining control on particle–particle interactions and in this way on their (self)-assembled structures is essential 

for colloidal and material sciences. Currently, different strategies are described to achieve such control, 

however, all of them lack the high spatiotemporal resolution required at the microscale, which is provided by 

light. In this presentation, I will discuss the possibility of creating optical matter with different colloidal 

material and different irradiation regimes. On one hand, we have reported the formation of a large assembly 

composed by 200 nm Au NPs with dynamically fluctuating swarms by tightly focusing a laser beam at the 

glass/solution interface1-4. During the initial stages, an antenna-like structure with wavelength periodicity was 

formed inside the focus due to the optical binding. Upon increasing the NP number, this structure was further 

expanded outside the focus, forming a dumbbell-shaped swarming assembly, which extends up to several tens 

of micrometers. We proposed that the photons scattered from the trapping laser by the trapped Au NPs within 

the irradiated area propagate toward the NPs located outside of the focus. The expanded scattering field enables 

the trapping and assembling of more than 1000 NPs outside the focal spot through optical binding, yielding 

sub-micrometer size matter assemblies [1-5]. 

 

The methodology developed to image colloidal particles ins an optical trap can be used to follow trajectories 

of particles under other force fields as well. We started investigating how sub 100 nm particles move under 

the influence of dielectrophoretic forces (DEP). I will show how the insights gained can in the long run result 

in novel types of memory devices. 
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Advanced in situ and operando transmission electron microscopy (TEM) enables direct observation of 

dynamic structural and chemical transformations that control the functionality and stability of nano materials. 

Although these approaches already have provided valuable insights, further progress is required. A first 

limitation is related to the fact that in situ and operando TEM conventionally only provide two dimensional 

(2D) projections of a three dimensional (3D) object and these might not be sufficient to understand the complex 

3D changes in anisotropic nanosystems. In addition, it is not always straightforward to distinghuish 

transformations induced by an external trigger from (unwanted) changes caused by the electron beam. Here, 

we will discuss how to overcome these limitations for different types of nanoparticles, assemblies and thin 

films. 

 

Electron tomography is a powerful tool to explore the morphology, 3D structure, and composition of a broad 

range of (nano)materials. However, 3D characterization by TEM is typically performed using the conventional 

conditions of a TEM: ultrahigh vacuum and room temperature. Since it is known that the morphology and 

consequently, the activity of nanomaterials will transform at higher temperatures or pressures, this poses a 

fundamental limitation. It is therefore not surprising that much effort has been devoted to monitoring 

nanoparticle transformations upon application of external stimuli by TEM. Here, we combined electron 

tomography with in situ holders based on MEMS devices. In this manner, we were able to characterize the 

thermal stability of Au nanoparticles and to visualize their assembly in a liquid environment [1,2]. Moreover, 

we studied metal support interactions induced by hydrogen spillover during CO2 hydrogenation for Ni 

nanoparticles on mesoporous CeO2 nanofibers [3] and we measured changes in the coordination numbers of 

the surface atoms of catalytic Pt nanoparticles at high temperatures and in gaseous environments. 

 

Another challenge related to in situ investigations arises from the pronounced beam sensitivity of specific 

nanostructured systems. Metal halide nanoparticles and thin films, which are highly promising for solar cells 

applications, are susceptible to electron irradiation, making their characterization by electron microscopy 

demanding. To mitigate beam-induced damage, we first determined the critical electron dose for imaging using 

and optimized procedure and then conducted in situ experiments strictly below this threshold. Using this 

approach, we directly observed the black-to-yellow phase transition in CsPbI3. The transformation proceeded 

via a non-local vapor-mediated mass transfer mechanism, underscoring the importance of correlated real- and 

reciprocal-space analysis at carefully controlled irradiation conditions. 
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Mesoporous silica nanoparticles (MSNs) and core@shell silica architectures have emerged as highly versatile 

platforms for the design of multifunctional nanomaterials, owing to their tunable porosity, high specific surface 

area, and ease of chemical functionalization. In particular, nonporous@mesoporous silica nanostructures 

enable a hierarchical integration of functionalities, where distinct components can be selectively engineered 

within the core, the mesoporous framework, and at the external surface.[1.2] 

In this work, we present a rational design approach to hybrid silica nanoplatforms combining inorganic 

nanoparticles with advanced surface functionalization and stimuli-responsive behavior. Silica shell embedding 

functional nanodomains—such as plasmonic nanomaterial, superparamagnetic iron oxide nanoparticles, or 

luminescent nanocrystals—act as protective matrices, preserving the intrinsic properties of the active 

components while preventing aggregation and ensuring colloidal stability.[2,3] The growth of mesoporous 

silica shells with tunable architectures, ranging from ordered hexagonal structures to hierarchical dendritic 

morphologies, provides enhanced accessibility and mass transport within the system. 

The controlled incorporation of metallic nanoparticles, such as silver nanodomains with tunable size and spatial 

distribution (confined in the core, located within pores or at the external surface), enables modulation of 

interfacial reactivity and release behavior.[3] In parallel, surface functionalization with organic moieties and 

stimuli-responsive polymers (e.g., polyacrylic acid and polyethylenimine) allows dynamic control over pore 

accessibility and molecular transport in response to external triggers, as pH. 

These strategies enable multifunctional nanostructures integrating magnetic, optical, and stimuli-responsive 

properties, suitable for applications ranging from smart coatings and environmental remediation to sensing and 

controlled release. Their finely tunable composition, morphology, and surface chemistry further extend their 

potential to the biomedical field, where they act as advanced nanocarriers for drug and gene delivery, imaging, 

and theranostics. Overall, this work highlights the potential of mesoporous silica-based hybrid nanostructures 

as modular and adaptable platforms, where multi-level functionalization enables the design of next-generation 

materials with synergistic and application-oriented properties.  
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The performance of an electrochemical biosensor is governed not only by the intrinsic affinity of the 

biorecognition element, but also by the properties of the interface where molecular recognition, electron 

transfer, mass transport, and signal generation converge. The electrode surface is therefore an active 

component of the device: its chemistry, architecture, nanostructure, and spatial organization determine probe 

accessibility, nonspecific adsorption, charge-transfer kinetics, signal amplification, and ultimately the 

analytical reliability of the sensor in complex biological matrices. For this reason, the rational optimization of 

electrochemical interfaces is a crucial step toward the development of sensitive, selective, miniaturized, and 

clinically relevant biosensing platforms. 

 
In this contribution, we present our recent work on engineered electrochemical interfaces for biosensing 

applications, with a focus on DNA-based recognition and electrochemiluminescence signal transduction. 

Starting from electrochemical aptamer-based sensors, we discuss how nucleic-acid receptors can be 

immobilized at electrode surfaces and coupled to redox reporters to enable reagentless detection of clinically 

relevant protein targets. In these systems, the organization of the aptamer layer and the control of the electrode–

DNA interface are essential to translate target binding into a measurable electrochemical response, particularly 

when operating directly in biological fluids.[1] 

 
This interfacial approach is then extended to electrochemiluminescent DNA platforms for viral quantification, 

where nucleic-acid recognition at the electrode is combined with ECL signal amplification to achieve highly 

sensitive molecular detection without conventional target amplification.[2] Finally, we describe how surface 

patterning and electrode microstructuring can further expand the potential of ECL biosensing by confining 

droplets, bioassays, and light emission within defined regions, enabling spatially resolved and multiplexed 

analysis on a single chip.[3] Together, these examples highlight how the design of the electrochemical 

interface—from molecular biolayers to patterned electrode architectures—represents a central strategy for 

improving biosensor performance and for developing next-generation diagnostic devices. 
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Sumanene [1,2] is a C₃ᵥ-symmetric buckybowl representing a fragment of C₆₀, whose intrinsic curvature gives 

rise to unique structural and electronic properties [3]. Its bowl-shaped geometry enables dynamic bowl-to-

bowl inversion and promotes one-dimensional columnar assemblies in crystalline [4,5] and soft-matter states 

[6,7]. In this presentation, recent progress in the synthesis and functionalization of sumanene derivatives, 

including the construction of supramolecular structures[8,9], will be briefly introduced, followed by a focus 

on curvature-driven properties in the solid state. Notably, single crystals of tailored derivatives exhibit 

dielectric responses arising from the collective behavior of molecular dipoles coupled with anisotropic packing 

and bowl dynamics [10]. In addition, curved π-conjugated donor–acceptor systems based on sumanene exhibit 

near-infrared (NIR) emission, particularly in nonpolar environments and the solid state. This behavior is 

attributed to efficient charge-transfer interactions and curvature-enhanced spin–orbit coupling [11]. These 

findings demonstrate that molecular curvature serves as a key design principle for developing functional 

organic materials with dynamic, dielectric, and optoelectronic properties.  
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Inorganic nanomaterials are ideal candidates for biomedical applications such as cancer therapy. This 

contribution aims at overviewing applications and perspectives, suggetsing  future strategies of administration 

routes for nanomedicine application. In particular I will focus on calcium carbonate (CaCO3), a very interesting 

biodegradable material for various medical applications. By using an easily scalable setup, an optimized 

synthesis protocol enabling the preparation of monodisperse spherical CaCO3 nanoparticles (NPs) below 150 

nm has been developed [1]. Another class of inorganic nanomaterial, extracted from natural mines are 

Halloysite Clays Nanotubes (HNTs): their biomedical uses as drug nano-bazookas against malignant cells will 

be highlighted [2,3]. The activity is carried out at CNR-Nanotec Lecce within the Centre of Excellence for 

advanced NanoBiomaterials and Technologies (CoE-NBT) and contributes to the PNRR project 

FIT4MEDROB – Mission 3, Activity 10. 

 

  
 Figure 1. (a) Scheme of CaCO3 NPs synthesis [1], (b) Scanning Electron Microscopy (SEM) image of CaCO3 

NPs, (c), HNT image Computer-Reconstruction, (d) TappingMode Atomic Force Microscopy (Phase) image 

of HNTs [2]. 
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The fabrication of homogeneous MOF thin films and coatings onto different surfaces is key for the 

development of different MOF-based devices and MOF applications. During the last years, we have studied 

the preparation of Langmuir films of pre-formed MOF nanoparticles (NPs), their deposition onto different 

substrates and explored their applications as sensors [1-4], hydrophobic coatings [5], spin qubits [6] and 

cryogenic cooling [7]. Our studies have shown that it is critical to use MOF NPs of homogeneous size and 

shape and optimizing the preparation of colloidal-stable suspensions (solvent, concentration, surfactant usage, 

sonication method, etc.) in order to obtain homogeneous films at the air-water interface, preventing 

nanoparticle agglomeration. Additionally, monolayer transfer onto different substrates also needs to be widely 

studied, including horizontal (LB), vertical (LS) and inverse-LS deposition methods. Finally, we have 

developed custom-built holders to deposit the monolayers onto unusual substrates such as fabrics and 

interdigitated textile electrodes. 
Some of these films were fabricated using NPs of different size (between 50 and 200 nm) of porous hydrophilic 

MOFs: mesoporous MIL-101(Cr) and microporous MIL-96(Al) films were investigated as selective layers in 

sensors, showing excellent response towards CO2, methanol and water, while the films containing NPs of the 

microporous UiO-66-COOH(Zr) and 10 wt % of octadecylphoshonic acid were used as ultrathin hydrophobic 

coverages.  
In order to obtain spin qubits with an adjustable number of spin carriers, monolayer films were also built with 

NPs of different sizes of diamagnetic MOFs (porous and non-porous) doped with varying amounts of 

paramagnetic ions, such as CuII, GdIII and VIVO. Finally, monolayers were also fabricated using NPs of a dense 

Gd MOF, with large magneto-caloric effect, and studied for cryogenic cooling. 
 

 
 
Figure 1. SEM images of monolayer films made with NPs of three MOFs deposited onto different substrates: chip with 

superconducting resonators (left), linen fabric (center) and silicon wafer (right)  
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Leukemia is characterized by the uncontrolled proliferation of abnormal white blood cells and requires 

therapeutic strategies capable of selectively eliminating malignant cells while minimizing systemic toxicity.[1] 

Among emerging approaches, photothermal therapy (PTT) and photodynamic therapy (PDT) have gained 

attention as minimally invasive modalities based on light activation to induce localized cytotoxic effects. In 

PTT, photothermal agents convert absorbed light into heat, promoting thermal ablation, protein denaturation, 

and membrane disruption. In contrast, PDT employs photosensitizers (PS) to generate reactive oxygen species 

(ROS), leading to oxidative stress and cell death. When combined, these therapies can act synergistically 

through complementary mechanisms, enhancing overall therapeutic efficacy. Nanostructured platforms are 

particularly attractive for integrating PTT and PDT due to their tunable optical properties and ability to 

incorporate PS molecules.[2] Herein, gold shell-isolated nanostars (AuNS@SiO₂) were synthesized and 

conjugated with the photosensitizer indocyanine green (ICG), followed by deposition of an additional silica 

shell to obtain AuNS@SiO₂-ICG-SiO₂ nanostructures. This architecture enables near-infrared (NIR) 

activation, promoting deeper light penetration and spectral overlap between the localized surface plasmon 

resonance of the gold nanostars and the absorption band of ICG, allowing simultaneous photothermal and 

photodynamic excitation under a single irradiation wavelength. Physicochemical characterization by UV–Vis 

spectroscopy, dynamic light scattering, ζ-potential analysis, transmission electron microscopy, and Raman 

spectroscopy confirmed successful ICG conjugation and silica encapsulation. A red shift of the plasmon band 

from 830 to 835 nm, an increase in hydrodynamic diameter from 109.9 to 135.7 nm, and a rise in ζ-potential 

from 40.76 to 44.19 mV were observed after ICG loading and secondary silica coating. Upon irradiation with 

an 810 nm LED (28.05 mW cm⁻²), the hybrid nanoplatform exhibited enhanced photothermal heating and 

singlet oxygen (¹O₂) generation compared to AuNS@SiO₂ and free ICG, demonstrating synergistic 

photothermal and photodynamic performance. Cellular uptake studies in acute myeloid leukemia (HL-60) 

cells, assessed by flow cytometry, showed a time-dependent increase in ICG fluorescence, indicating 

progressive nanoparticle incorporation. Following NIR photoactivation (810 nm, 28.05 mW cm⁻²), 

AuNS@SiO₂-ICG-SiO₂ induced a 62% reduction in cell viability at a 1:4 volumetric ratio, whereas 

AuNS@SiO₂ alone exhibited negligible cytotoxicity. Overall, these results demonstrate a synergistic 

phototherapeutic effect and highlight the potential of this gold shell-isolated nanostar platform as a promising 

NIR-responsive strategy for the treatment of acute myeloid leukemia. 
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The development of antimicrobial materials has become crucial for combating pathogenic bacteria, given the 

high usage of chemical disinfectants and the limited efficacy of some conventional treatments. Nanostructures 

of silver nanoparticles (Ag NPs) are among the most widely used strategies to achieve this goal due to their 

broad-spectrum biocidal activity [1]. However, their strong tendency to aggregate and undergo oxidation leads 

to a significant loss of antibacterial effectiveness. [1]. Reduced Graphene Oxide (RGO) has been found an 

ideal scaffold for stabilizing Ag NPs [2].  
Here, we report the synthesis of a novel colloidal hybrid nanocomposite, consisting of histidine-functionalized 

reduced graphene oxide (RGO) decorated with citrate-capped Ag NPs. The material was prepared via a facile 

in situ colloidal approach starting from an AgNO₃ precursor in the presence of trisodium citrate and sodium 

borohydride. 
The Ag NPs are anchored to the RGO via the aromatic histidine (His) linker, chosen for its ability to: i) 

exfoliate RGO, enabling its dispersion in aqueous solutions; ii) bind to the RGO platform through aromatic π–

π stacking interactions; iii) provide coordination sites for the Ag NPs [2]. The influence of the synthetic 

parameters—namely, the Ag precursor:citrate and Ag precursor:borohydride molar ratios, pH, and the Ag 

precursor:His-RGO weight ratio—on the NP morphology and the coating density of His-RGO was thoroughly 

investigated to elucidate the mechanism of NP formation. Ag NPs, with a size of 24 ± 4 nm, were observed to 

form on His-RGO via an aggregative growth process. The interplay between the trisodium citrate and sodium 

borohydride concentrations, together with the pH, was found to be crucial in determining both the coating 

density of the sheets and the morphology of the NPs. 
The nanocomposite was evaluated as an antimicrobial coating against E. coli using the quantitative ISO 

20743:2021 protocol after transfer onto cotton. Its performance was compared with coatings based on bare 

His-RGO and neat Ag NPs, the latter purposely synthesized to have a comparable size and identical surface 

chemistry. The study evaluated the enhanced antibacterial efficacy of the innovative nanocomposite coating, 

showcasing its sustained and long-lasting biocidal effect compared to conventional Ag NPs-based 

counterparts, innovative finding for Ag based coatings.  
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dall’Unione Europea – NextGenerationEU. 
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Plastic pollution is one of the greatest environmental challenges of our time. Among its concerning effects is 

the ability of microplastics (MPs) to adsorb and transport contaminants, such as the endocrine disruptors 

bisphenol A (BPA) and ethinylestradiol (EE2) [1]. This study investigated the adsorption of these compounds 

onto polyamide microplastics (N6), evaluating kinetic parameters, as well as physicochemical characterization 

and cytotoxicity analysis in Hep-2 cells. N6 MPs were kept in contact with aqueous solutions of BPA (10-4 

mol/L) and EE2 (10-5 mol/L) for adsorption kinetics analysis. The results were fitted with a correlation 

coefficient very close to unity using the pseudo-second-order model, indicating chemisorption. Raman 

spectroscopy analysis confirmed the formation of hydrogen bonds between the amide groups of polyamides 

and the hydroxyl groups of the contaminants [2]. The highest adsorption capacity was observed under acidic 

to neutral pH conditions. Equilibrium was reached in approximately 90 minutes for BPA and 30 minutes for 

EE2. The Langmuir model provided the best fit, suggesting monolayer adsorption on homogeneous sites [3]. 

Zeta potential analyses indicated changes in the surface charge of the MPs after adsorption, while no significant 

morphological changes were observed by scanning electron microscopy. In the cell viability assays, toxicity 

was found to be related to particle size. The concentration of MPs with adsorbed pollutants reduced cell 

viability at relatively high concentrations, 250 and 500 mg/mL. These results show that polyamide MPs act as 

carriers of endocrine disruptors, contributing to the persistence and dissemination of these contaminants in the 

aquatic environment and to their possible impacts on human health. 
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Müller matrix ellipsometry of ordered square lattices of plasmonic nanoparticles was performed to reveal 

optical properties that are peculiar for standard crystallooptics of such nominally isotropic structures, 

demonstrating clear effects of spatial dispersion. Besides the dependence of optical properties of such lattices 

on the angle of incidence, spatial dispersion creates the orientational dependence of lattice optical properties 

and existence of few sets of effective optical axes, what is impossible in standard anisotropic materials. No 

standard dielectric tensor can describe such a behavior. 
 
Ellipsometric spectra of Müller matrix were measured with an imaging spectroscopic ellipsometer 

nanofilm_ep4 from Park System with spatial resolution of few microns as square lattices of cylindrical particles 

prepared by EBL have lateral size of 50-100 m. The values of one element m13 of non-diagonal 2x2 matrix 

depending on the lattice orientation and wavelength are shown in the Figure 1 together with spectra measured 

along planes of symmetry (along sides or diagonal of squares). It clearly demonstrates the existence of four 

sets of optical axes created by the spatial dispersion for such nominally isotropic structure and all modes where 

the interparticle interactions increase well correspond to modes revealed in ellipsometric spectra as extrema in 

relation to the spectrum of a clear substrate [1]. 
 

 

 
 

Figure 1. Color coded value of the m13 element of the Müller matrix for a square lattice of gold discs with a period of 

350 nm and diameter of 260 nm versus the orientational angle and ellipsometric spectra measured at the orientation 

along the side of squares (doted spectrum is the one of a clear substrate). 
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Magnetic nanochains (NCs) composed of strongly interacting single-domain nanoparticles offer unique 

opportunities for tailoring anisotropy, coercivity, and remanent magnetization in nanoscale magnetic systems. 

In this work, we investigate the controlled formation and magnetic behavior of cobalt nanochains assembled 

in the gas phase during the directed self-assembly of spark-ablated nanoparticles [1,2]. By tuning the external 

magnetic field distribution we modulate chain alignment during deposition, enabling the transition from 

disordered aggregates to well-defined 1D architectures. 
We show that the morphology of these assemblies strongly dictates their magnetic response. Random Co 

nanoparticle clusters exhibit broad coercivity distributions and weak anisotropy, whereas aligned nanochains 

display pronounced uniaxial magnetic anisotropy and a ~100% increase in remanent magnetization due to 

enhanced dipolar coupling along the chain axis [1]. Post-assembly annealing leads to the formation of fused 

nanochains (f-NCs) with significantly increased coercivity (~+50%), reflecting the emergence of direct 

exchange interactions that replace dipolar-dominated reversal mechanisms. Magnetometry measurements, 

including angular-dependent remanence, and δm-plots, reveals the progressive evolution from magnetostatic 

to exchange-dominated behavior as chain order and interparticle connectivity increase. These findings 

highlight how controlled nanoscale assembly governs collective magnetic interactions, enabling the design of 

highly anisotropic and magnetically robust nanoarchitectures. As an application example, we show that these 

nanochains can be directly integrated into flexible polymers to produce magneto-responsive films (Figure 1) 

[2]. The ability to program chain morphology and magnetic properties on demand opens new pathways toward 

magnetic nanodevices. 
 

 
Figure 1. (a) Image of the magnetic soft film produced by directly integrating Co NCs onto polyolefin and a schematic 

depicting the chain orientation (axis) in the polymer layers. (b) SEM micrographs showing the formation of elongated 

structures composed of large bundles of NCs oriented along the in-plane magnetic field applied during the particle 

deposition, as schematically illustrated in (a).  
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In electrolytes mobile ions screen electric fields all the more they are concentrated. However, in the last 

decade, previous experimental reports of long-range interactions in ionic liquids (ILs) stand in contradiction 

with theoretical predictions and numerical simulations. To provide insights into the literature discrepancies 

regarding the experimental ranges of electrostatic screening, claimed with orders of magnitude larger, the 

interactions between pairs of mica and borosilicate surfaces confining ILs are investigated by two 

complementary advanced Surface Force Apparatuses. 
 

Regardless of differences in confinement geometries (crossed-cylinders, sphere-flat), radii of curvature 

(cm-mm), and measurement techniques (stepwise versus continuous approach), two ever present force regimes 

are evidenced. At small surface separations, oscillatory forces reflect IL structuration and layering, while 

outside this gap, the interaction is monotonic repulsive. In both regimes the spatial extent and force magnitude 

depend critically on motion conditions, as demonstrated by achieving velocities as low as 9 pm/s with 

equilibration times up to 90 s. At large separations, fast surface displacements generate long-range interactions 

(over tens of ion size) creating the illusion of anomalous underscreening, whereas increasingly slow ones 

shrink both magnitude and range of the repulsion with decay-lengths converging ultimately to a screening 

length (~0.5 nm) consistent with Poisson-Boltzmann theory with finite ion sizes. The transition from apparent 

long-range to short-range screening unfolds over nearly two orders of magnitude in time (Fig.1), revealing 

slow relaxation dynamics reminiscent of aging phenomena encountered in glasses, thin polymer films, 

historical paintings and granular media. 
 

 
Figure 1. Temporal evolution of electrostatic screening in ionic liquids 

 
These findings definitely resolve a decade-old controversy on force measurements and reveal rich out-of-

equilibrium dynamics. The hydrodynamic contribution to the net force is admittedly crucial to be reduced 

especially when relaxations span decades in time, but approaching thermodynamic equilibrium during 

measurements proves essential. 
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Langmuir technique is a convenient tool to prepare models of biological membranes to study the interactions 

of active substances, e.g. drugs with such systems [1-3]. Phospholipid monolayers formed at the air-water 

interface may serve as an excellent biomimetic system of different types of biological membranes, especially 

including lung surfactants [4]. We employed this model to determine the effect of selected methylxanthines, 

drugs used in the treatment of chronic obstructive pulmonary disease (COPD). We have shown that they may 

interact with DPPC and DPPG monolayers (the main components of pulmonary surfactant) and their mixtures. 

Langmuir studies revealed that these drugs incorporate to some degree into the monolayers and alter the 

organization of phospholipids, although the acetic acid derivative induces more pronounced changes due to 

the possible electrostatic interactions with the negatively charged component (DPPG) of the model lung 

surfactant. The effectivity of drug penetration into model pulmonary surfactant monolayers was also evaluated 

using multiple compression-expansion cycles, which mimic the breathing process, while the changes in the 2D 

organization of the model monolayer due to the interactions with methylxanthines were verified by grazing 

incidence X-ray diffraction (GIXD). Phospholipid layers were also employed to mimic cancer cell membranes 

to study the interactions of selected anthracyclines: doxorubicin (DOx) and epirubicin (EPI) also in 

combination with paclitaxel (PTX). We investigated the properties of a model membrane of lipid composition 

specifically adjusted to mimic breast cancer membranes [5] in order to characterize them both at the air-water 

interface using Langmuir technique, BAM and GIXD as well as by means of quartz crystal microbalance 

(QCM), and attenuated total reflection spectroscopy (ATR) for the supported bilayer model systems. Our study 

confirms that neutral PTX interacts with all membrane components, while positively charged EPI exhibits 

significant interactions predominantly with the negatively charged lipids. The PTX+EPI combination 

demonstrated pronounced synergistic effects, leading to significant membrane fluidization and the formation 

of irreversible aggregates, which was confirmed by GIXD at the air-water interface. The last example 

comprises a model of a lipidic viral envelope. Monolayer studies of the ternary mixture reflecting the lipidic 

composition of the AH1N1 influenza virus envelope revealed that the incorporation of a standard antiviral 

drug oseltamivir (OSL) significantly disorganizes the ternary membrane and the OSL-lipid interactions were 

electrostatic-dependent. BAM and GIXD studies demonstrated that OSL hinders the formation of condensed 

domains leading to the overall fluidization and destabilization of the model envelope, which may affect virus 

stability. These three examples prove the usefulness of phospholipid layers at the interfaces for the molecular-

level studies of drug-lipid interactions in a very wide range of applications, which can contribute to the further 

development of improved therapies for various diseases. 
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Thin films of polymer blends are increasingly developed for a wide range of biomedical or industrial 

applications [1]. However, confinement of polymer blends in thin films can significantly affect their 

miscibility. Langmuir films of polymer blends provide an efficient tool to investigate 2D miscibility under 

well-controlled thermodynamic parameters [2]. 

We studied the mixing behavior of a polyethylene oxide–polypropylene oxide–polyethylene oxide triblock 

copolymer (PEO26–PPO60–PEO26) with polydimethylsiloxane (PDMS) as a function of PDMS chain length 

(800 or 10000 g.mol-1). Surface pressure  – area isotherms and isothermal compressibility analyses performed 

for various PDMS molar fractions, XPDMS, allowed the construction of  – composition phase diagrams, 

revealing that phase transitions occur for both systems upon increasing  (Figure 1). However, Brewster angle 

microscopy (BAM) observations and neutron reflectivity measurements indicate markedly different behaviors 

depending on PDMS chain length. For mixed films containing the shorter PDMS chains, a transition from 

homogeneous mixed films to complete lateral phase separation is observed at  ~5-8 mN/m over a wide 

composition range. In contrast, for mixed films with longer PDMS chains, the film remains homogeneous only 

at low surface pressure for copolymer-rich blends, while vertical phase separation occurs either upon 

increasing  or PDMS content.  Sum-frequency generation (SFG) spectroscopy provided further insight into 

PEO26–PPO60–PEO26/PDMS and polymer-water interactions within each phase-diagram region, revealing 

distinct behaviors between laterally and vertically phase-separated systems. These findings underscore the 

decisive influence of polymer chain length on the structural arrangement of confined polymer blends. 
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Figure 1. Phase diagrams of PEO26–PPO60–PEO26/PDMS blends for short (left) and long (right) PDMS chains. 
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Fundamental structural properties of monolayer films prepared from dimeric “Gemini” surfactants, are known 

to depend strongly on the molecular structure of the surfactants that comprise them. We have recently been 

exploring an extreme example of this through so-called “minimal linker” Gemini surfactants, molecules in 

which the linker group between subunits is the smallest possible, a single covalent bond. In this work, we 

report how changing the tail group structure of synthetic, carboxylic acid-based minimal linker Geminis 

impacts the resulting packing, phase transitions, crystal structures and mixing behaviour of the monolayers 

that they form at the air-water interface, for both symmetrical and asymmetrically substituted surfactants. 

General conclusions and comparisons are made with recently-reported metal-Gemini surfactants, which also 

have very compact linker groups formed through dative bonds. 
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The electronic tailoring of interfaces is one of the key problems in electronics. In molecule-based electronics, 

self-assembled monolayers (SAMs) of dipolar molecules are routinely used for this task for some time. 

Traditionally, the molecules’ tailgroup, which defines the interface to the organic semiconductor (OSC), is 

altered to adjust the respective dipole moment. Recently, it was demonstrated that the introduction of internal 

dipolar groups, such as pyrimidines, into the molecular backbones presents an effective alternative to not only 

introduce and adjust the dipole moment, but to also decouple this chemistry from the one at the SAM/OSC 

interface [1]. It was also demonstrated that by introducing several pyrimidine groups, the dipole moments 

behave approximately additively [2].  
 
In this project, we now combined the concept of internal dipoles with the standard one of tail group decoration 

to push the concept of electrostatic engineering to its limits. To this end, thiol-anchored molecules, containing 

dipolar 2,5´-bipyrimidine units within their molecular backbones, were decorated with either nitrile or 

dimethylamino tail groups and assembled on Au(111). The directions of the distributed and tail group dipoles 

were aligned either upwards or downwards to the anchor to achieve the maximum effect on the work function 

(WF) of the substrate. The SAMs were characterized by several complementary spectroscopic tools, with the 

data suggesting a dense molecular packing, a high degree of orientational order with only slight molecular 

inclination, and thiolate-gold anchoring for most of the molecules. At the same time, it turned out that the 

decoration of the bipyrimidine thiols with the tail groups not only provided no WF gain but even had a 

detrimental effect in the dimethylamino case.  
We will present not only the data, but also an explanation for these unanticipated observations [3]. 
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Until recently crosslinking of self-assembled monolayers (SAMs) has largely been associated with π-

conjugated or unsaturated molecular systems, while long-chain aliphatic films were typically considered less 

suitable for robust network formation [1]. In this work, a systematic investigation of γ-induced crosslinking in 

fatty-acid-based SAMs is presented, comparing saturated (stearic acid), trans-unsaturated (elaidic acid), and 

cis-unsaturated (oleic acid) C18 monolayers assembled on oxidized copper substrates (Fig. 1). 
Monolayers were prepared by solution immersion and subsequently exposed to controlled γ-irradiation to 

induce covalent network formation. The influence of molecular saturation and stereochemistry on crosslinking 

behavior was examined through a combination of electrochemical measurements (polarization studies and 

electrochemical impedance spectroscopy), spectroscopic characterization (FTIR, XPS), surface analysis 

(contact angle measurements, AFM, ellipsometry), and grazing-incidence X-ray diffraction (GIXD) using 

synchrotron radiation. Additionally, cytocompatibility was evaluated to assess the biological response to 

selected fatty-acid films before and after irradiation. Given that fatty acids are naturally occurring biomolecular 

building blocks, this analysis provides complementary insight into how structural modification at interfaces 

may influence their interaction with living systems, without altering their fundamental chemical identity. 
Overall, the results establish a comprehensive structure–property relationship linking molecular packing, 

irradiation-induced network formation, and interfacial physicochemical behavior. The study advances the 

fundamental understanding of radiation-driven crosslinking mechanisms in flexible aliphatic assemblies and 

contributes to the broader knowledge of how molecular structure governs nanoscale film organization and 

stability.  
  

 

 
 

Figure 1. Schematic illustration of C18 fatty-acid self-assembled monolayers on oxidized copper: saturated stearic acid 

(SA), trans-unsaturated elaidic acid (EA), and cis-unsaturated oleic acid (OA). 
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This contribution addresses so-called electrostatic effects in X-ray photoemission from self-assembled 

monolayers (SAMs), which are application-relevant ultrathin molecular films, coupled to the substrate by a 

suitable anchoring group. Whereas in most cases the standard and generally accepted concept of chemical shift 

is fully sufficient to describe X-ray photoelectron (XP) spectra of these systems, consideration of electrostatic 

effects is frequently necessary for their proper interpretation [1-6]. Due to the insulating character of the SAM 

matrix, decoupled electronically from the substrate [7], the introduction of a dipolar ´sheet´ at the SAM-

substrate interface or within this matrix creates a potential discontinuity, shifting the energy levels above the 

´sheet´ with respect to those below it [2]. This perturbation is reflected then in the matrix-related spectra, which 

exhibit shifts and splitting of the characteristic photoemission peaks [1-6]. Several representative examples in 

this context are provided and discussed in detail, including, in particular, the case of embedded dipolar groups 

[3,5] illustrated in Figure 1. These examples and additional relevant literature data emphasize the importance 

of electrostatic effects in photoemission from SAMs and other organic films and suggest that they should be 

considered on equal footing with the chemical shift effect. 
 

 

Figure 1. Representative high-resolution XP spectra for a SAM of non-polar alkanethiolates on Au(111) and those with 

an embedded dipolar group (ester) in upward and downward dipole orientation [3]. 
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Over the past decade, nanomaterials and supramolecular assemblies have attracted growing interest for sensing 

applications due to their high surface area, that enhances the density of active sites . In addition, supramolecular 

films provide highly effective platforms for enzyme immobilization, leading to improved stability and 

sensitivity in biosensing systems [1,2]. 
 
The Langmuir–Blodgett (LB) technique provides a versatile platform for constructing enzyme-based 

biomimetic films with precise control over molecular organization and enzyme–lipid interactions. In this work, 

galactose oxidase (GaOx) is incorporated into LB films formed from two distinct amphiphiles, arachidic acid 

(AA) and dimethyldioctadecylammonium bromide (DODAB), in the presence of gadolinium 

bisphthalocyanine (GdPc₂) as an electron mediator. This system allows the study of how intermolecular 

interactions and the interfacial environment influence the enzyme’s activity, organization, and electron-

transfer properties within the supramolecular film. 
 
The adsorption of GaOx onto floating amphiphile/GdPc₂ monolayers was confirmed by characteristic changes 

in surface pressure (π–t) profiles, as well as shifts in the surface pressure–area (π–A) isotherms and 

compressibility modulus (K), indicating amphiphile-dependent enzyme–film interactions. Structural analysis 

suggests that GaOx penetrates AA-based layers, while in DODAB films, electrostatic attraction maintains the 

enzyme at the interface with minimal penetration. 
 
Electrochemical characterization revealed that GaOx retains catalytic functionality in both amphiphilic 

matrices, though the film composition markedly influences electron transfer behavior. GaOx/AA/GdPc₂ 

assemblies catalyze galactose oxidation through oxygen-mediated pathways, whereas DODAB-based films 

facilitate direct electron transfer (DET) between the enzyme and electrode. Consequently, the DODAB/GdPc₂ 

system exhibited enhanced sensitivity, with detection limits in the range of 10⁻⁷ M. 
Overall, these results highlight how amphiphile selection in supramolecular architectures can tune enzymatic 

activity and electron transfer efficiency, underscoring the potential of enzyme–phthalocyanine hybrid films for 

the development of high-performance biosensors.  
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We propose the use of deposited two-dimensional Langmuir monolayers[1-3] as photocatalytic membranes 

that are composed of uniformly aligned[4] charge-transfer units and matrix[2,3] amphiphiles to support 

alignment and tailor intermolecular interactions[5] that are key to material properties, such as energy levels.[6] 

This architecture enables the coupling of oxidation and reduction to opposite sides of a molecular membrane. 

Thus, charge-carrier transport pathways are dramatically shortened compared to ‘traditional’ photocatalytic 

(PC) and photoelectrochemical (PEC) water-splitting approaches, which are sources of recombination 

losses.[7,8] 
We focus on the photocatalytic hydrogen evolution reaction within the Langmuir-assembled and deposited 

molecular membranes.[9] To increase catalyst loading per volume, we employ a spiral-wound configuration 

(Figure 1(b)) that accommodates large membrane areas within a single GC vial (Figure 1(c)). Embedding the 

catalyst in the Langmuir monolayer yields turnover numbers that exceed those achieved under homogeneous 

conditions (Figure 1(d)). This highlights a promising way for the continuous fabrication of catalytically active 

two-dimensional membranes.  
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Polydiacetylene (PDA)/Graphene Oxide (GO) hybrid nanostructure is a promising photoactive layer for 

optoelectronic devices1, however precise control over the interface organization and its properties is key to 

advancing organic photovoltaics (OPV). PDA, a π-conjugated polymer, absorbs in the visible range and 

undergoes a stimuli-responsive chromatic transition (blue-to-red), making it an attractive material for light-

harvesting applications. When interfaced with GO, which has tunable electronic properties, its optical and 

electronic behavior may be modified.  
In this work, the Langmuir procedure is used to obtain a stacked structure of GO and PDA at the air/water 

interface. The film organization is probed in situ using X-ray Reflectivity (XRR) and Grazing Incidence X-ray 

Diffraction (GIXD). After transfer onto solid substrate, the impact of the interfacial interactions on the optical 

and electronic properties are investigated by Raman Spectroscopy, Atomic Force Microscopy (AFM), Kelvin 

Probe Force Microscopy (KPFM), and Ultraviolet Photoelectron Spectroscopy (UPS). 
XRR and GIXD confirm that, after collapse of the mixed film, PDA forms a highly ordered monolayer on GO 

sheets. Raman spectroscopy reveals that GO stabilizes the blue form of this PDA monolayer, suppressing the 

color transition and preserving the polymer's optical properties. KPFM and UPS show an increased PDA’s 

work function due to charge redistribution at the interface, improving charge injection, a crucial factor for 

OPV efficiency.  
Our results highlight the GO/PDA interface as a tunable electronic and optical platform for futur photovoltaics 

devices. 
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Photonic crystals (PCs) are materials with unique optical properties derived from a periodic arrangement of 

high and low refractive indices in crystal structure. This periodic micro- or nanostructure enables control over 

the propagation of light or electromagnetic waves. As a result, PCs have attracted significant attention for their 

potential applications in optical devices, sensors, biomedical and electronic systems [1]. In order to build PCs 

that respond to external stimuli such as temperature, humidity or pH, we start to form polystyrene nanoparticles 

(PS NPs) layer on a substrate into close-packed, opal-like structures using a vertical deposition technique (Fig 

A-Top). In order to exploit the anisotropic swelling of poly(N-isopropylacrylamide) (PNIPAM) hydrogel 

matrices to achieve stable and reversible optical modulation at solid–liquid interface, PNIPAM precursors 

were infiltrated into the interstices of the colloidal crystals and subsequently crosslinked via click chemistry 

approach (CLAG) (Fig A-Bottom) [2]. We studied using Grazing Incidence Small Angle X-ray Scattering 

(GISAXS) the structure of the colloidal crystal before, after impregnation with PNIPAM and in contact with 

water (Fig. B & C). Such in situ measurement confirmed the successful PNIPAM incorporation while 

preserving the ordered photonic structure (Fig C) and evidences crystals anisotropic swelling behaviour, 

enabling finely tunable optical responses and enhanced control.  

 
A B C 

 

  

 

Figure A) SEM images of the 280nm PS NPs crystal (Top) and the same crystal impregnated with PNIPAM (Bottom). 

B) GISAXS Qxy-Qz Intensity map of the 280 nm PS NPs crystal showing diffraction rods. C) Qz-integrated GISAXS 

spectra of the bare substrate, the PS NPs crystal, the impregnated crystal with PNIPAM and the impregnated crystal 

with PNIPAM immersed in water. The dotted lines are the positions of the first orders diffraction peaks of an hexagonal 

crystal of 285nm parameter. 
 
Finally, modulation of visible light reflectance with temperature was observed, arising from the reversible 

swelling–collapse behaviour of PNIPAM. Overall, this work provides new insights into the design of hybrid 

hydrogel–colloidal photonic crystals and establishes a foundation for developing advanced tunable optical 

materials for sensing, actuation, and responsive photonic devices.  
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The precise spatial organization of redox-active components is essential for efficient photoelectric 

conversion, yet the fabrication of ordered three-dimensional nanostructures on surfaces remains a 

major challenge in materials science. In natural photosynthesis, proteins template highly organized 

chromophore assemblies that enable directional charge separation and efficient electron transfer. 

Translating this level of control into artificial systems requires robust and programmable molecular 

scaffolds. 

Here we present a bioinspired strategy that combines peptide self-assembly with DNA-like molecular 

recognition to construct multilayered photoactive architectures on gold surfaces. The system exploits 

thymine–adenine hydrogen bonding to organize ZnTPP chromophores anchored to the surface 

through adenine–lipoic acid units. Structural control is achieved by introducing peptide spacers, 

including a helical undecapeptide derived from trichogin GA IV and the short dipeptide (Aib)₂, 

enabling the formation of well-defined supramolecular multilayers with tunable thickness. 

The resulting films form stable three-dimensional nanoarchitectures capable of directing 

photoinduced electron transfer and generating photocurrent under illumination with enhanced 

efficiency. These results highlight how biomolecular recognition and peptide-based building blocks 

can provide a versatile platform for engineering robust and functional artificial photosynthetic 

interfaces.  
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Halide perovskites (HPs) have recently emerged as a versatile class of semiconducting materials displaying 

state-of-the-art optoelectronic properties. They usually self-assemble in an ABX3 crystal lattice of corner-

sharing octahedra, whose structure and properties can be widely tuned through compositional engineering. [1,2] 

This remarkable chemical flexibility enables the formation of perovskite systems with dimensionalities ranging 

from 3D to 0D, giving rise to diverse functionalities and applications spanning from photodetectors to 

temperature sensors.[3,4] 
Moreover, HPs integration with tailored soft-materials represents a promising direction for the development 

of new hybrid systems with enhanced performance, responsive behavior and extended absorption range. In 

this context, we will explore the fabrication of perovskite nanocrystals merged to biopolymers and/or multi-

chromophore supramolecular frameworks (e.g., aromatic perylene derivatives),[5] for the engineering of 

emergent optical and electronic properties arising from the interplay between these distinct material platforms. 
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Recently, we have developed a unique epi-fluorescence microscope with a sensitive camera capable of super-

resolution (<100 nm) imaging, combined with a spectroscopy channel capable of picosecond-resolution 

TCSPC fluorescence kinetics measurements. Thus, a unique possibility of five methods to simultaneously 

observe and measure Langmuir films is possible: surface pressure; surface potential; Brewster Angle 

Microscopy (BAM); Fluorescence Microscopy; Fluorescence kinetics. This is combined with a pure-air 

laminar-flow box, best-quality water, and subphase temperature control. A long-term objective in chemical 

sensing was to increase the interacting surface area of the sensing layer to improve sensitivity while minimizing 

volume increase, thereby eliminating slow diffusion processes and enabling fast sensors. Recently, we have 

developed a method to achieve this in a much simpler and well-controlled manner for DPPE-NBD molecules, 

while performing the LB deposition well below the equilibrium spreading pressure (Figure 1,A). A 4-fold 

increase in sensitivity compared to an equal deposited mass of Arachidic acid for gas sensing was shown [1]. 

Another approach was to use a highly porous Metal Organic Frameworks (MOFs) like MIL-101(Cr). It is 

stable in water and highly selective for PFOS, one of the emerging drinking water “forever chemicals” 

contaminants to be monitored in both the EU and the USA. For the first time, we used ultra-sensitive 

gravimetry by a 434 MHz two-port Surface Acoustic Wave (SAW) resonator as a transduction mechanism [2]. 

This was combined on the same device with enhanced Electrochemical Impedance Spectroscopy (EIS). Very 

recently, Langmuir and LB films of this compound, with only 20-nm-sized crystals, were systematically 

investigated [3]. 
 

 

 

A B 
Figure 1. Atomic Force Microscopy of LB monolayers from: (A) DPPE-NBD deposited with well-controlled 3D 

structures; (B) MOF MIL-101(Cr) from newly synthesized 20 nm sized crystals. 
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Flexible and large-area electronic devices require crystalline silicon thin films fabricated on substrates with 

limited thermal budgets, such as polymeric materials[1]. However, conventional crystallization techniques 

typically require temperatures exceeding 600°C. Therefore, from this aspect, metal-induced crystallization 

(MIC) offers a promising pathway to transform amorphous silicon (a-Si) into poly-Si at relatively low 

temperatures. Nevertheless, the Si/Al layer exchange and crystallization kinetics are highly sensitive to the 

interfacial properties[2]. In this study, we investigate the influence of silane-based self-assembled monolayers 

(SAMs) with various terminal groups on the low-temperature MIC behavior of amorphous silicon thin films 

on glass substrates (Fig. 1a). The results show that SAMs’ terminal functionality significantly influences 

crystallization process and film microstructure[3]. Substrate modified with suitable SAM exhibit high 

crystallization conversion ratio and more effective Si/Al layer exchange during annealing (Fig. 1b and c). In 

addition, the poly-Si films formed on those substrates demonstrate excellent film transferability. These 

findings demonstrate that interfacial engineering using SAMs provides an effective strategy for controlling 

low-temperature MIC of silicon and offers a promising pathway for fabricating transferable polycrystalline 

silicon films on polymeric substrates for flexible electronics. 

 

 
 

Figure 1. (a) Schematic illustration of the SAM-assisted MIC for silicon. (b) TEM–SAED analysis and (c) TEM–EDS 

elemental mapping of poly-Si films prepared on pristine and SAM-modified substrates. 
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Spatially resolving stimuli can allow us to better understand physicochemical processes in complex 

environments [1]. Towards this goal, we develop ways of integrating Förster resonance energy transfer (FRET) 

chemistry into stimuli-responsive polymer architectures, such that FRET output (i.e., spectral shift in output 

fluorescence) reflects polymer chain conformation [2]. Using FRET, we can spatially resolve conformation by 

confocal microscopy methods, with high spatiotemporal resolution (hundreds of nm in sub-seconds). In this 

talk, I will discuss strategies to integrate FRET into functional polymers, and how we can examine the 

responsiveness of the polymers for understanding physicochemical processes. Specifically, these systems are 

used to study surface wettability [2], localised changes in pH [3], resolving contact areas between surfaces, 

flow forces in microfluidic channels, all on functional polymer brushes [4], and as free polymer chains for 

probing micro-to-nano structure in secondary matrices [5]. We further show what are the most efficient 

methods for integrating FRET into such polymer matrices [6] for resolving such conformational changes with 

the highest sensitivity. Our systems provide a non-invasive optical measure of changing surface conditions, 

which holds great promise for identifying processes in real-time. 

 

Figure 1.  Schematic of a FRET polymer brush (left) along with a confocal laser scanning microscopy image of a 

FRET-integrated polyelectrolyte polymer brush that spatially reveals changes in pH on a surface (right). 

References 
[1] Q.A. Besford, C. Rossner, A. Fery, Adv. Funct. Mater. 2023, 2214915. 
[2] Q. A. Besford, H., Yong, H., Merlitz, A. J., Christofferson, J. U., Sommer, P., Uhlmann, A., Fery, Angewandte Chemie 2021, 60, 

16600-16606. 
[3] J. Yadav, I. Hermes, A. Fery, Q. A. Besford, Small 2025, 2409323. 
[4] L. Merai, K. Rymsha, J. Yadav, C. W. Pester, A. Fery, Q. A. Besford, Journal of Polymer Science 2025, 63, 4394-4402. 
[5] X. Liao, D. Sychev, K. Rymsha, M. Al-Hussein, J.P. Farinha, A. Fery, Q. A. Besford, Advanced Science 2023, 10, 2304488. 
[6] W. Van den Heuvel, H. Merlitz, K. Rymsha, Q. A. Besford, Macromolecules 2025, 58, 10847-10855. 
 

mailto:besford@ipfdd.de


 

 O25 

Lipid-Selective Modulation by Patellamide D Revealed through Langmuir 

Biomembrane Models 

 
Paulo H.L.do Nascimentoa., Kevin F. dos Santosa, Cristiano Giordanib, Joelle Mergola-Greef.c, Marcel 

Jasparsc, Luciano Caselia 
 

aFederal University of São Paulo, Rua São Nicolau, 210, Diadema, Brazil 
bUniversity of Antioquia, Calle 70 52-21, Medellín, Colombia 

cUniversity of Aberdeen, Old Aberdeen, AB24 3UE, United Kingdom 

 

lcaseli@unifesp.br 

 

Patellamides are cyclic pseudo-octapeptides biosynthesized by marine cyanobacteria of the Prochloron genus 

and are recognized for their selective cytotoxic, antimicrobial, and neuroprotective properties [1]. Despite 

increasing interest in their pharmacological potential, the molecular mechanisms governing their interactions 

with lipid membranes remain poorly characterized, particularly at well-defined biomimetic interfaces. In this 

study, we investigate the interfacial behavior of patellamide D using Langmuir monolayers composed of 1,2-

dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) and 1,2-dipalmitoyl-sn-glycero-3-phosphoserine (DPPS), 

which model the outer leaflets of healthy and cancer cell membranes, respectively. By combining surface 

pressure–area (π–A) isotherms, compressional modulus analysis, surface potential measurements, Brewster 

angle microscopy (BAM), polarization-modulated infrared reflection–absorption spectroscopy (PM-IRRAS), 

and interfacial dilatational rheology, we provide a comprehensive physicochemical description of peptide–

lipid interactions at the air–water interface. 
Patellamide D did not form stable monolayers when spread alone, indicating preferential interaction with lipid 

environments. Upon incorporation into lipid films, the peptide produced lipid-specific effects. In DPPC 

monolayers, patellamide induced a condensing effect characterized by systematic shifts of π–A isotherms 

toward lower molecular areas and slight reductions in dilatational elasticity, consistent with mild perturbation 

of lipid packing. In contrast, DPPS monolayers exhibited stronger and more dynamic responses, including 

concentration-dependent condensation, the appearance of a shoulder in the isotherm suggestive of phase 

coexistence or molecular rearrangement, and enhanced surface pressure relaxation over time. Surface potential 

and PM-IRRAS analyses revealed subtle but distinct modifications in headgroup orientation and dipolar 

organization, particularly in anionic environments, while the overall compressional modulus and viscoelastic 

balance of the films remained largely preserved. 
Collectively, these findings demonstrate that patellamide D modulates lipid packing, interfacial electrostatics, 

and molecular organization in a composition-dependent manner without compromising membrane mechanical 

integrity. The selective interaction with negatively charged lipid interfaces provides mechanistic insight into 

its reported bioactivity and highlights its potential as a membrane-active compound for therapeutic applications 

and lipid-based drug delivery systems.  
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Paper has emerged as a promising platform for sensing applications due to its low cost, flexibility, and 

environmental sustainability [1]. In particular, paper-based substrates have been widely explored for Surface-

enhanced Raman Scattering (SERS), enabling ultrasensitive detection of contaminants and bioactive molecules 

[2–4]. Recent advances indicate that laser-induced graphene (LIG) can serve as a versatile platform for integrating 

electrical and optical functionalities, including the in situ formation of metallic nanoparticles during laser 

processing [5]. In this work, we report a facile and scalable approach for the fabrication of LIG functionalized 

with gold nanoparticles (AuNPs) directly on paper substrates. The method is based on laser processing combined 

with precursor-assisted nanoparticle formation, enabling the integration of conductive graphene structures and 

plasmonic nanostructures in a single platform. Structural characterization confirmed the formation of crystalline 

metallic gold, while electron microscopy analyses revealed a homogeneous distribution of nanoparticles over the 

LIG surface. The results indicate that surface treatments play a key role in improving nanoparticle anchoring and 

stability, without compromising the structural integrity of the graphene network. The SERS performance was 

evaluated using rhodamine 6G (R6G) and thiabendazole (TBZ) as probe molecules. For R6G, a limit of detection 

(LOD) of approximately 5  10⁻9 mol·L⁻1 was achieved, with an enhancement factor (EF) about 105. For TBZ, the 

LOD was approximately 8  10⁻8 mol·L⁻1, also with an EF of ~105.  The proposed strategy combines simplicity, low 

cost, and environmental compatibility, providing a robust platform for the development of multifunctional sensing 

devices for environmental monitoring and related applications. 
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Heteroatom-doped π-conjugated systems have been exploited for electronic device applications. Phosphole-

containing backbones are particularly intriguing with regard to electron delocalization and ultimately control 

over the photophysical, redox, and charge transfer characteristics. However, practical application of these 

materials commonly relies on well-structured, thin film architectures. Self-assembly offers a route to generate 

ordered 2D structures deposited on solid substrates. Manipulation of the existing noncovalent interactions 

within the films, via altering the chemical structure or environmental conditions to modify the molecular 

arrangements is one approach to control the electronic properties of these thin films. A series of lipids with 

phosphole-based π-conjugated headgroups have been designed and exhibit intramolecular conformational 

changes in response to external conditions. The inter- and intramolecular π-π interactions influencing the 2D 

film structure in Langmuir and Langmuir-Blodgett films of a series of lipids with phosphole-based, π-

conjugated headgroups is explored in the presence and absence of electrolytes and aromatic additives. 
The film morphology obtained from Brewster angle and atomic force microscopy shows the formation of a 

condensed phase but also 3D aggregates, and grazing incidence X-ray diffraction confirmed the presence of 

untilted, hexagonally packed chains. Counterions can be used to promote the formation of a well-ordered, 

single monolayer film without aggregates that can be transferred to the solid substrate.1  
On the other hand, manipulation of the π-π interactions can modify the directional growth of domains within 

the 2D films, but are not strong enough to completely eliminate the 3D aggregate formation.2 
 

 
Figure 1. Chemical structures of the phophole-lipid series 
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Stimulated Raman Scattering (SRS) microscopy is an advanced coherent Raman technique that enables label-

free chemical imaging with high spatial resolution and molecular specificity. By probing intrinsic vibrational 

signatures, SRS allows the visualization of biomolecular composition in complex systems while preserving 

spatial context. In this work, we demonstrate the versatility of SRS microscopy through two complementary 

applications: biochemical characterization of skin models and polymer-specific detection of nano- and 

microplastics in biological samples [1,2].  

 
To illustrate this capability, SRS imaging and spectral analysis were used to compare structural and 

biochemical features of three skin models: ex vivo human skin, in vitro artificial skin, and an in vitro melanoma 

model. High-resolution images and Raman spectra were acquired from distinct layers, including the stratum 

corneum, viable epidermis, and dermis. Each layer exhibited characteristic vibrational fingerprints, particularly 

in the CH₂ and CH₃ stretching region (~2845-2940 cm-1), Amide I (~1650 cm-1), Amide III (~1260 cm-1), and 

OH-stretch (~3400 cm⁻¹). Human skin samples showed stronger CH2 bands and sharper Amide I peaks, 

indicating higher lipid order and well-organized protein structures. In contrast, artificial skin displayed 

attenuated lipid signals and altered protein-to-lipid ratios, suggesting incomplete barrier maturation. Melanoma 

models exhibited enhanced protein signatures and regional biochemical heterogeneity, which were further 

resolved through spectral decomposition. SRS imaging confirmed these differences by revealing variations in 

lipid-rich layer thickness, collagen organization, and cellular architecture. 
 

In a complementary study, hyperspectral SRS microscopy in the fingerprint region was employed for label-

free identification and localization of nano- and microplastics in biological samples. Hyperspectral datasets 

were acquired on a multimodal nonlinear microscope using a pump-scanning approach covering approximately 

661-1872 cm-1. In mixed polymer samples, single-band imaging combined with ROI-extracted spectra enabled 

clear discrimination of polystyrene (PS), polyethylene (PE), and polymethyl methacrylate (PMMA). To 

demonstrate intracellular detection, differentiated Caco-2 epithelial monolayers were incubated with 500 nm 

PS beads. Imaging at the PS ring-breathing band (~1001 cm-1) revealed punctate particle-like signals against 

the cellular vibrational background. Spectra extracted from particle-positive regions recovered the 

characteristic PS fingerprint, enabling in situ chemical confirmation of polymer identity while preserving 

spatial localization. 

 
Together, these results highlight the potential of SRS microscopy as a powerful platform for chemical imaging 

across diverse systems. By enabling label-free detection of biomolecular organization in tissues and polymer 

particles in cells, SRS provides a versatile tool for applications ranging from dermatological research and 

disease modeling to environmental exposure studies involving micro- and nanoplastics. 
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The rapid spread of antimicrobial resistance among Gram-positive pathogens highlights the urgent need for 

new strategies to combat bacterial infections.¹ One promising approach involves the development of 

compounds that act directly on bacterial membranes.² Such membrane-active agents may disrupt membrane 

integrity and enhance the activity of conventional antibiotics, thereby helping to overcome resistance 

mechanisms. Lipooligoureas represent a particularly attractive class of amphiphilic molecules, in which 

peptide bonds are replaced by urea linkages, leading to increased resistance to enzymatic degradation while 

maintaining strong interactions with bacterial membranes.³,4 

 
In this work, we investigated the interactions of newly designed lipooligoureas with model lipid membranes 

mimicking Gram-positive bacterial envelopes. The lipid systems consisted of negatively charged mixtures of 

DPPG, POPG and cardiolipin (CL), reproducing the physicochemical environment of bacterial membranes. 

Interactions at the air–water interface were first characterized using a Langmuir trough approach, including 

surface pressure–area isotherms and compression modulus analysis, which revealed significant expansion of 

the lipid monolayers and reduction of their packing density upon lipooligourea insertion. These observations 

indicate strong electrostatic and hydrophobic interactions between the cationic amphiphiles and anionic lipid 

headgroups. 
 
Complementary experiments were performed on supported lipid bilayers using quartz crystal microbalance 

with dissipation monitoring (QCM-D), enabling real-time monitoring of frequency and dissipation changes 

associated with adsorption and membrane reorganization. The results demonstrate rapid binding of 

lipooligoureas to the lipid bilayers followed by adaptive structural rearrangements rather than membrane 

dissolution, suggesting a non-lytic mode of membrane perturbation. AFM imaging further confirmed the 

formation of continuous lipid layers with local structural heterogeneities. 
 
Microbiological studies indicate that lipooligoureas themselves exhibit antibacterial activity, particularly 

against Gram-positive bacteria such as Staphylococcus aureus. Their amphiphilic architecture enables efficient 

interaction with anionic bacterial membranes, which likely contributes to the observed antimicrobial effect. 

Importantly, these compounds also display cooperative interactions with conventional antibiotics such as 

vancomycin. The combination enhances membrane perturbation and facilitates antibiotic activity, leading to 

reduced effective antibiotic concentrations. These findings highlight lipooligoureas as promising membrane-

targeting molecules and potential adjuvants that can sensitize resistant bacteria to existing antimicrobial 

therapies. 
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Coumarin derivatives have attracted increasing attention due to their anti-inflammatory and antioxidant 

activities, making them promising candidates for the treatment of intestinal inflammatory disorders. Among 

them, 4-methylesculetin (4-ME) has shown relevant biological potential [1]; however, its poor aqueous 

solubility and limited interaction with biological membranes represent significant challenges for its effective 

delivery. In this context, lipid-based nanocarriers represent a promising strategy to enhance drug solubility, 

stability, and cellular availability [2]. 

 
Here, we combine interfacial biophysics and nanocarrier engineering to elucidate the interaction of 4-ME with 

lipid membranes and to develop lipid-based delivery systems capable of improving its bioavailability. The 

affinity of 4-ME toward model lipid membranes was first investigated using complementary thermodynamic 

and interfacial techniques, including Langmuir monolayers, differential scanning calorimetry (DSC), and 

isothermal titration calorimetry (ITC). Despite its hydrophobic character, the compound displayed limited 

interaction with lipid assemblies, suggesting weak spontaneous partitioning into membrane environments and 

highlighting the need for carrier-assisted delivery strategies. 

 
To address this limitation, several lipid nanoparticle systems were engineered and systematically evaluated as 

potential encapsulation platforms. Liposomes with average diameters of approximately 50 and 100 nm were 

produced using hydration-extrusion and micelle-to-vesicle transition methods. In parallel, solid lipid 

nanoparticles (SLN) and nanostructured lipid carriers (NLC) were prepared via homogenization-sonication 

protocols. Among the investigated systems, NLC composed of cetyl palmitate, oleic acid, and Pluronic F-127 

showed superior encapsulation efficiency (95  3%) compared to the other formulations. The mixed solid-

liquid lipid matrix of the NLC promoted improved accommodation of 4-ME within the lipid core, 

demonstrating the critical role of lipid architecture in controlling drug incorporation. 

 
The optimized nanocarrier formulation was subsequently evaluated through controlled release experiments, 

cytocompatibility assays, and cellular uptake studies using Caco-2 intestinal epithelial cells. The results 

revealed that nanoparticle concentrations up to 1% (w/v) did not compromise cell viability, indicating good 

biocompatibility of the system. Furthermore, uptake experiments demonstrated efficient internalization of the 

nanoparticles by Caco-2 cells after 4 h of incubation, supporting their potential as intracellular delivery 

vehicles. These results demonstrate that nanostructured lipid carriers effectively overcome the limited 

membrane affinity of 4-ME and provide a robust platform for its encapsulation and delivery.  
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Efficient drug delivery to glioblastoma remains challenging because several biological barriers limit the 

transport of therapeutic agents to the tumour. These include restricted passage across the blood–brain barrier 

(BBB), limited selectivity toward tumour cells, and inefficient intracellular drug accumulation [1,2]. 

Multifunctional liposomal nanocarriers equipped with several targeting ligands represent a promising strategy 

to overcome these limitations [1-4]. 
In this work, a combinatorial library of epirubicin-loaded liposomes functionalized with transferrin (Tf), folic 

acid (FA), and triphenylphosphonium (TPP) was prepared using microfluidic mixing (NanoAssemblr Ignite). 

PEGylated liposomes based on a DPPC/cholesterol core and doped with either DOPC or DOPE were 

investigated. Mono-, dual-, and triple-ligand systems were designed to systematically examine how ligand 

composition and their co-assembly within the lipid bilayer influence physicochemical properties and biological 

performance of the carriers. 
The obtained formulations were characterised for hydrodynamic size, zeta potential, drug loading, and release 

behaviour. Their biological activity was evaluated using in vitro BBB models and glioma cell lines (M013, 

LN229), with particular focus on cellular uptake and mitochondrial targeting. The toxicity of selected 

formulations was further assessed in vivo using zebrafish embryos. To help interpret differences observed in 

biological experiments, selected ligand-functionalized liposomal matrices were also investigated at biomimetic 

glioma membrane interfaces using Langmuir monolayers with a PC/PE/PS model membrane. Surface 

pressure–time measurements were used to analyse the insertion behaviour of liposomes with different ligand 

compositions. 
The results show that both lipid core composition and ligand architecture influence the biological activity of 

the liposomal systems. Differences in ligand composition affect liposome insertion into model membranes, 

their transport across the BBB, and their uptake by glioma cells. In addition, variations in lipid composition 

and ligand functionalization lead to measurable differences in cytotoxicity of the liposomal formulations. 

These findings demonstrate that co-assembly of targeting ligands within the lipid bilayer plays an important 

role in determining membrane interactions and overall performance of multifunctional liposomal nanocarriers. 
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α-Synuclein (α-syn) is an intrinsically disordered protein whose aggregation into β-sheet–rich amyloid fibrils 

is associated with neurodegenerative disorders: it accumulates in the midbrain [1] and constitute the principal 

component of Lewy bodies, the pathological hallmark of Parkinson’s disease and Dementia with Lewy Bodies. 

At neuronal membranes, particularly within raft-like lipid microdomains, α-syn undergoes conformational 

transitions that strongly influence nucleation and fibril growth. In addition, molecular partners such as the 

prolyl cis–trans isomerase FKBP12 [2] modulate α-syn aggregation, yet their cooperative behaviour at 

organized membrane interfaces remains poorly understood. 
Here, we investigate the interfacial organization of α-syn in Langmuir monolayers containing Ld+So phases 

to mimic the presence of lipid rafts. A combination of native, oligomeric, and fibrillar α-syn with FKBP12 

were introduced beneath lipid films. Surface area and surface potential changes were examined with time while 

analyzing the interface with Brewster Angle Microscopy. Real time analysis was combined with fluorescence 

imaging of transferred films to characterize adsorption, domain reorganization, and amyloid network 

formation. 
We observed a cooperative interaction between α-syn and FKBP12 that accelerates aberrant aggregation at the 

membrane. The membrane interface promotes β-sheet–rich fibril formation, enhanced even by trace FKBP12, 

while preformed α-syn/FKBP12 oligomers and fibrils rapidly migrated to the interface, forming extended 

branched networks. Aggregates at the membrane displayed distinct morphologies from those without FKBP12, 

occurring on a shorter timescale than in bulk solution, highlighting a templating effect of lipid microdomains. 
These results reveal a synergistic coupling between protein–protein interactions and lateral membrane 

organization, identifying FKBP12 as a membrane-context–dependent amplifier of interfacial aggregation. Our 

findings highlight how organized lipid films actively regulate protein self-assembly and provide new insight 

into membrane-templated amyloid formation. 
 

 

 

  

 

Figure 1. BAM images of the monolayers after injection of N, O, F a-synuclein in ratio 1:1 to FKBP12 in the subphase, 

after 2 days of continuous measurement. 
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Lung surfactant is a lipid (~90% by weight) and protein mixture, which forms a layer covering the alveolar 

epithelium. One of its main functions is being the first barrier for inhaled particles [1-2]. Study conducted in 

recent years indicates that COPD patients have reduced lipid concentration forming lung surfactant [3]. 
Chronic obstructive pulmonary disease (COPD), which is an incurable disease, is one of the leading causes of 

death globally [4]. Treatment primarily focuses on relieving symptoms and reducing the frequency of 

exacerbations. The pharmacological COPD treatment mainstay are inhaled bronchodilators: muscarinic 

antagonists and β2-adrenoreceptor agonists [4, 5-6].  
 

 
Figure 1. Employed models of lung surfactant. 

 
In our study, in order to better understand the effect of inhaled drugs on the surface properties of lung 

surfactant, we employed a mixture of DPPC:DPPG (8:2) and DPPC:Chol:DPPG (7:1:2) as models of a lung 

surfactant of a healthy person and DOPC:Chol:DPPG (7:1:2) as a model of a lung surfactant of a COPD patient 

and investigated the influence of selected COPD drugs: tiotropium bromide (TTB) and salbutamol (SAL) and 

their combination on these models. The research was performed using methods such as Langmuir technique, 

Brewster Angle Microscopy (BAM), compression-expansion experiments and oscillating barriers method.  

 
Results indicate that depending on the model the influence of TTB, SAL and their combination on the 

organization of the monolayer, tendency of the monolayer to reorganize upon the expansion and on the 

viscoelastic properties of the monolayer is different. It can be concluded that selected drugs lead to 

unfavourable changes in the properties of the lung surfactant models of a healthy person, but favourable 

changes for the model of the lung surfactant of a COPD patient.  
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Patchy particles, characterized by surface discontinuities in either chemical composition or topology, hold 

immense potential for directing assembly processes in specific orientations and thus offer promising 

applications in various fields including photonics, drug delivery systems and electronics.[1,2] Nevertheless, 

these particles present challenges in fabrication due to the need for precise control over patch characteristics 

such as size, shape, and interaction properties. Meanwhile, block copolymer thin films are increasingly 

recognized as a cost-effective and versatile nanofabrication technology in self-assembling systems, notably as 

lithographic masks.[3] 
In this study, silica nanoparticles of various diameters (ranging from 96 nm to 540 nm) were organized into a 

close-packed monolayer by the Langmuir-Blodgett technique. To pattern these particles, polystyrene-block-

polymethyl methacrylate (PS-b-PMMA) was self-assembled into three distinct nanostructures with a 

perpendicular orientation: line & space, hexagonal dot, and honeycomb patterns.[4] These polymer templates 

were employed to create nanostructured alumina surfaces through atomic layer deposition (ALD) followed by 

oxygen reactive ion etching (RIE) plasma. The resulting patterns were then transferred onto silica nanoparticles 

of different sizes to produce patchy particles. The patchy nature of these particles was confirmed by electron 

microscopy. 
 

  

 
 

Figure 1. Scanning Electron Microscopy of silica patchy nanoparticles featuring line & space, hexagonal dot, and 

honeycomb-patterned alumina patches. 
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A new paradigm called amorphous computing emerged recently. Its fundamental concept is the idea of having 

vast numbers of computational entities, which communicate locally and combine to carry out a specified global 

task. An amorphous computer system is therefore composed of irregularly placed, asynchronous, locally 

interacting computing elements. We propose here to use patchy metallic core-silica shell nanoparticles 

((M@SiO2) NPs) as computing elements to store information. To obtain these particles, (M@SiO2) NPs are 

first synthesized via a one-step procedure[1]. Gold@SiO2 and silver@SiO2 NPs have been produced with good 

yields. As each metal can be easily distinguished by energy-dispersive X-ray spectroscopy, each type of 

M@SiO2 NPs can be considered as a different bit of information (00, 01, 11, 10, …). After being surface 

functionalized with methacrylate groups, the M@SiO2 NPs have been used as seeds in an emulsion 

polymerization of styrene[2]. Binary dumbbell-like NPs made of two polystyrene (PS) nodules attached to a 

central M@SiO2 NP were obtained. After a controlled regrowth of the silica core and the selective dissolution 

of the PS nodules, M@SiO2 NPs with two PS patches located 180° apart from each other were produced. The 

selective functionalization of these patches with complementary DNA strands was then performed. As DNA 

interactions are highly specific, the patchy NPs can assemble in the form of 1D chains due to their valence of 

two. Moreover, as DNA interactions are temperature sensitive, the 1D chains can be disassembled and 

reassembled on request through an increase (resp. a decrease) of temperature above (resp. below) the melting 

temperature of the DNA strands. This makes it possible to write a message in the chains, then erase it and reuse 

the different patchy building units to write another one. 

Figure 

1. Schematics of the computation process through the reversible self-assembly of distinguishable patchy nanoparticles 
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An ongoing challenge in the field of organic electronics is the limited control on the orientation of molecules 

and their long-range order in thin films, mainly due to the weak intermolecular forces. Yet addressing this 

challenge is important to build high-performance devices: Here, the orientation and packing of the molecules 

in the thin film directly dictates light–matter interactions and charge transport, therefore strongly affecting the 

overall device performance. 
To control the thin film growth, we use quasi-1D monolayers of spatially oriented armchair graphene 

nanoribbons (aGNRs) or poly-para-phenylene (PPP) chains as templates that later induce preferred alignment 

of small molecules deposited on top.[1] For the preparation of the highly ordered PPP chains as well as the 6, 7 

or 9-atom wide aGNRs, on-surface synthesis on vicinal Au surfaces is employed.[2] Importantly, we explore 

different Au surfaces, such as Au(788) or Au(223), which differ in terrace width and edge type. Next, these 

quasi-1D templates are transferred to device-relevant substrates such as Si/SiO2. Finally, ordered organic 

semiconductor thin films are prepared using physical vapour deposition onto the substrate/template stack. 

 

 
 

Figure 1: (a, b) On-surface synthesis of 7-aGNRs from DBBA and PPP/GNRs from DBPT. (c) Vicinal Au(788) vs. 

Au(223), differing in step width and edge-type. (d) Schematic of organic semiconductor templating. 

In this presentation, we analyze the molecule-substrate interaction during template synthesis using x-ray 

photoelectron spectroscopy, focusing on the influence of step width and edge-structure of the substrate on the 

reaction progress. Further, we investigate the effect on the used Au substrate on the quality and global 

alignment of aGNRs and PPP using polarized Raman spectroscopy. Herein, we observe high polarization 

anisotropies close to 0.9. Subsequently, transfer to device-relevant substrates and ordered organic thin film 

growth is attempted, characterized using polarized absorbance spectroscopy and atomic force microscopy. We 

observe that transfer success and quality of the template is highly dependent on the terrace width of the used 

growth substrate. Notably, in templated molecular thin films, a large linear dichroism of over 0.6 is achieved. 

Overall, this work provides a deeper understanding of the molecule/template interactions and represents a 

practicable approach for the ordered and directional growth of molecular semiconductors. 
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The overreliance on fossil fuels has determined a rapid rise in atmospheric carbon dioxide concentrations and 

disrupted the natural balance of the carbon cycle. One way to close the carbon loop protecting the ecological 

environment regards the Electrochemical Reduction of CO2 (CO2RR). Taking advantage of the Proton-

Coupled Electron Transfer mechanism (PCET) in aqueous environment, it is possible to work at ambient 

temperature and pressure [1]. Herein, cerium is studied as cerium dioxide (CeO2) which forms, in a reducing 

environment, oxygen deficient phases with non-stoichiometric CeO2-x oxides (0 < x < 0.5). It will act as the 

co-catalyst for the electrochemical CO2 reduction reaction able to absorb its oxygen on vacancies favoring 

formic acid production. Its coupling with carbon nitride-based support would improve the active sites. 

Moreover, rare earth (RE) metals doping of cerium oxide were studied to evaluate their effect on oxygen 

vacancies, thus, active sites for the formation of oxygenated products. The focus is given to Praseodymium 

(Pr) REM doping synthetized by Prof. Tiziano Montini from University of Trieste [2]. Their performances 

were evaluated in an flow electrochemical cell with Gas Diffusion Electrode (GDE) configuration. CO2RR gas 

products were quantified online through a Gas Chromatograph (GC) while those liquids were analyzed with 

both Ionic Chromatography (IC) and 1H-NMR spectroscopy (Figure 1). 

 

Figure 1. Gas Diffusion Electrode structure. 

The catalysts were tested in chronoamperometry (-0.5 V to -0.9 V vs RHE). The results proved the ability of 

CeO2 in directing the CO2RR toward formic acid production with higher efficiencies compared to the doped 

catalysts within the entire potential window. In addition, REM dopants drive the reaction towards C2 products 

and propanol formation. In particular, Praseodymium is the best one in propanol formation demonstrating its 

ability in promoting oxygen vacancies formation [3]. 
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Emerging pollutants pose a serious risk to water quality, especially when present as complex mixtures. Among 

them, paraquat (PQ) and diquat (DQ) are highly toxic herbicides whose environmental monitoring remains 

challenging. Electrochemical methods often fail to distinguish PQ and DQ in mixtures due to their overlapping 

redox potentials [1], while standard spectroscopic techniques alone may lack selectivity. In this work, in situ 

spectroelectrochemical approaches combining Raman scattering and electrochemical modulation were 

employed to overcome these limitations. Using inherently nanostructured bare screen-printed gold electrodes 

(SPGE), EC-SERS measurements were performed in an equimolar mixture of PQ and DQ (10-4 mol/L each). 

By applying specific reduction potentials, it was possible to selectively enhance and distinguish the spectral 

profiles of each herbicide. Furthermore, to achieve trace-level sensitivity, graphene oxide-modified SPGEs 

(SPGE/GO) were applied. By combining EC-SERS with a mapping strategy to overcome signal heterogeneity 

at the interface, PQ was successfully detected at ultra-low concentrations (1.0×10-8 mol/L). Remarkably, this 

detection capability is below the maximum limit established by Brazilian environmental legislation (5.0×10 -8 

mol/L). These findings highlight the significant potential of tailored spectroelectrochemical platforms for both 

the selective discrimination of complex herbicide mixtures and their highly sensitive environmental 

monitoring. 
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Influenza and SARS-CoV-2 are viruses equipped with a lipid envelope, which stabilizes their protein capsid 

containing the genetic material. Given their high infectivity and antiviral resistance, there is a need for new 

effective molecules that are independent of viral genome mutations [1,2]. An interesting class of such 

compounds are surfactants, which can solubilize the viral envelope used at wide concentration range [3,4]. In 

our work, we investigated the effects of selected surfactants at concentrations below their CMCs on simplified 

phospholipid models of Influenza and SARS-CoV-2 viral envelopes to better understand the surfactant-lipid 

interactions in these systems. For this purpose, we prepared SARS-CoV-2 viral lipid envelope model 

composed of DOPC:DMPS:PI (50:35:15 molar ratio) as a planar 2D model (Langmuir monolayer) and a 3D 

model (liposomes). We characterized their physicochemical properties in water and PBS buffer (pH 7.4) and 

their changes induced by two cationic surfactants (CPC, CTAB), using Langmuir technique, DLS 

measurements and fluorescence microscopy. Due to differences in their polar headgroup structures CPC 

incorporated much easier into lipid layers than CTAB, which has a bulkier headgroup. Additionally, the 

presence of counterions enhanced the surfactants’ ability to disrupt the integrity of lipid models. Next, we 

prepared an Influenza viral lipid envelope model composed of DOPE:DMPS:SM (50:35:15 molar ratio) and 

simplified cellular membrane model composed of DMPC:Chol (7:3) to gain broader insight into the 

interactions of selected surfactants with human cell components. For these systems prepared in PBS buffer, 

we selected two cationic surfactants (CPC, LAE) and two nonionic surfactants (TX-100, C10EO8) to investigate 

their effect on the lipid models. The results revealed distinct mechanisms of action for cationic and nonionic 

surfactants, indicating nonionic ones as stronger in effect, but they lacked the ability to remain incorporated 

within the lipid layer, unlike the cationic surfactants. The obtained results show the importance of the 

environment, surfactant charge, polar headgroup structure, and concentration in interactions between 

surfactant and phospholipid membrane models.  

 
Figure 1. Changes in (A) surface pressure, (B) surface potential of 2D models, and (C) hydrodynamic diameter, (D) 

zeta potential of 3D models of the SARS-CoV-2 lipid envelope upon exposure to CTAB and CPC at concentration 10 -5 

mol/L in water 
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Pulmonary diseases often require local and efficient drug delivery systems to improve therapeutic efficacy and 

reduce systemic side effects. Aerosol formulations represent a promising strategy to directly reach lung tissues. 

In this work, we study two possible inhibitors of the FKBP12 protein, which is involved in different key 

physiological processes, including lung tumor development [1]: FK506 and ELTEN378, a natural and 

synthetic compound respectively [2]. The final aim is the development of stable aerosol formulations for 

pulmonary treatment. Biomimetic liposomes based on DPPC/POPG (4:1 molar ratio) were prepared and 

optimized for pulmonary delivery. The liposomes were characterized by dynamic light scattering (DLS) to 

evaluate size, polydispersity and stability, showing dimensions compatible with lung treatment (~ 100 nm) and 

good colloidal stability (zeta potential ~ -26 mV). Fluorescence measurements confirmed an efficient inclusion 

of both inhibitors within the liposomes.  

 

                      
Figure 1. Schematic representation of alveolar-targeted liposomes encapsulating selected therapeutic compounds. 

 
Biomimetic lipid monolayers were also investigated as simplified membrane models to study inhibitor 

inclusion and their effect on lipid organization.  
The stability of the formulations after nebulization was also investigated, in order to simulate aerosol 

administration. DLS and fluorescence analyses demonstrated that the liposomes maintain their structural 

integrity after the nebulization process, supporting their potential use as aerosol drug delivery systems. Overall, 

these findings suggest that the developed alveoli-targeting liposomes are stable, efficiently aerosolizable 

carriers with strong potential for localized pulmonary therapy in different diseases applications. 
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“Smart materials” have garnered significant interest due to their ability to undergo a response to external 

stimuli, thereby altering their inherent properties. This property can be specifically applied to surfaces through 

the coating of these surfaces with responsive polymer brushes. A substantial body of research has been 

dedicated to studying the responsiveness of polymer brushes to various stimuli, including changes in 

temperature, pH, salt concentration, light, and electric or magnetic fields. However, the field of electrochemical 

switching of polymer brushes, which offers advantages such as fast switching rates and resistance to external 

sources of interference, has received comparatively less attention, despite its potential applications in sensors, 

nanoactuators, and biomedicine. 

 

The objective of this study is to investigate the electrochemical switching behavior of quaternized poly(2-

(dimethylamino)ethylmethacrylate) (qPDMAEMA) and poly(3-aminopropyl methacrylamide) (PAPMA) 

polymer brushes. While not electroactive themselves, the brushes exhibit responsive behavior in ferricyanide 

solutions through electrochemically-induced complexation. By applying electric potentials, it is possible to 

oxidize/reduce the ferrocyanide/ferricyanide redox pair, which in turn interact differently with the polymer 

brushes. qPDMAEMA and PAPMA brushes exhibit an opposed behavior, whereby one brush swells while the 

other collapses. This opens the possibility to create binary polymer brushes as a responsive surface. To 

thoroughly examine this phenomenon, two distinct approaches were employed: ellipsometry and 

electrochemical QCM-D. These methods were utilized to analyze the behavior under varying ferricyanide 

concentrations, offering varied insights into the underlying processes. Furthermore, the impact of polymer 

brush architecture and layer structure on these processes was investigated by preparing brushes with different 

polymerization and grafting techniques. 

 

 
 

Figure 1. Switching principle of qPDMAEMA polymer brushes by electrochemically-induced complexation of 

ferricyanide. 
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Thermally Activated Delayed Fluorescence (TADF) and Room Temperature Phosphorescence 

(RTP) in purely organic systems offer access to emissive long-lived excited states without the use of 

heavy atoms, enabling efficient triplet harvesting and their use in optoelectronic OLED devices as well 

as biological applications such as photodynamic therapy (PDT)1 and bioimaging.2  

In this work, a series of novel D-A organic derivatives was designed by combining an acceptor core 

with donor units of different electron-donating strength. This molecular engineering strategy allows 

fine modulation of the singlet-triplet energy gap (ΔEST),3 emission colour, excited state lifetime and 

photoluminescence quantum yield (PLQY). By tuning molecular structure and rigidity of the 

surrounding environment, this class of materials can exhibit controllable switching between TADF and 

RTP behaviour.4 Aggregation and immobilization effects were investigated by embedding the 

molecules in polymeric films and nanoparticles, revealing a significant influence on delayed emission 

pathways. In particular, rigid polymeric environments were found to be effective in modulating excited-

state lifetimes and suppression of non-radiative decay processes. Owing to efficient triplet population 

through the ISC mechanism these materials were further exploited for singlet oxygen generation in 

PDT. Additional applications in time-gated bioimaging and oxygen sensing were also demonstrated.  

Overall, these results highlight the versatility of fully organic D-A and D-A-D architectures as 

multifunctional platforms bridging fundamental photophysics with biomedicine. 

 

     

Figure 1. Simplified Jablonski diagram illustrating molecular mechanisms of TADF and RTP molecules with D-A or D-A-D 

structure and their employment for various applications. Images created with bioRender. 
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Recent advances in medicine, food engineering, and agriculture have continuously stimulated the 

development of new analytical techniques, methods, and devices. One of the main demands in these 

sectors is the development of sensors capable of detecting and monitoring pesticide residues. The use 

of lutetium bisphthalocyanine (LuPc₂) for sensor fabrication has shown promising potential due to its 

high thermal and chemical stability, as well as its ability to facilitate electron transfer processes¹. 

In this work, indium tin oxide (ITO) coated glass electrodes were functionalized with LuPc₂ through 

the electrophoretic deposition technique. Using cyclic voltammetry and differential pulse voltammetry, 

experimental parameters were investigated to optimize the detection of diquat (DQ), an herbicide 

widely used in the sugarcane industry.  

Deposition potential and deposition time were evaluated, and spectra in the UV–Vis region were also 

obtained. As a result, the optimal potential and time for film formation were determined to be 15 V and 

2 minutes, respectively. Furthermore, it was observed that the electrodeposition of LuPc₂ onto ITO 

significantly enhanced the DQ electrochemical processes, resulting in a current increase of 

approximately 38%. Subsequently, an analytical calibration curve was constructed by varying the 

concentration from 10 to 1000 nmol L⁻¹, and a limit of detection (LOD) of 65,9 nmol L⁻¹ was obtained 

(Figure 1). In conclusion, LuPc₂ films were successfully fabricated and characterized, demonstrating 

potential application as electrochemical sensors for the detection of DQ. The device presented a limit 

of detection (LOD) lower than the maximum limits established by international regulatory agencies, 

such as Health Canada (145 nmol L⁻¹). 

 

 
Figure 1. Calibration curve for DQ (10 to 1000 nmol L⁻¹) constructed from the baseline-corrected current. 

Inset: Differential Pulse Voltammetry responses. 
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Regioregular poly(3-hexylthiophene-2,5-diyl) (P3HT) is a widely studied conducting polymer used in 

organic light-emitting diodes, photovoltaic cells, and field-effect transistors. Its electrochemical 

properties strongly depend on molecular organization: π–π stacking governs thin-film crystallinity, 

while van der Waals interactions between alkyl side chains promote lamellar ordering. The Langmuir 

film technique enables the preparation of highly ordered P3HT films with a thickness of a single bilayer 

[1,2], offering a powerful platform to explore structure–property relationships. Although F₄TCNQ 

doping has been extensively studied [2], alternative dopants remain less investigated. The Lewis acid 

tris(pentafluorophenyl)borane (BCF) has recently emerged as a promising candidate, notably through 

formation of the BCF–F₄TCNQ complex [3]. Here, we investigate the incorporation of BCF or BCF–

F₄TCNQ complex into P3HT Langmuir films (in situ doping) using surface pressure–area isotherms, 

Brewster angle microscopy, grazing incidence X-ray diffraction (GIXD), and X-ray reflectometry. 

GIXD reveals a contraction of the π–π stacking distance upon doping, attributed to polaron formation. 

For BCF-doped films, the evolution of the surface fraction covered by doped crystallites as a function 

of the BCF-to-thiophene ratio R, reveals an optimal doping level at R ≈ 0.35 (Fig. 1A). After transfer 

onto interdigitated electrodes via the inverse Langmuir–Schaefer method, the films were characterized 

by electrochemical impedance spectroscopy and cyclic voltammetry (Fig. 1B). The measurements 

indicate a conductivity of ~1.0 S/cm for BCF-doped films (R ≈ 0.35) consisting of a single transferred 

layer (3.8 nm). They also provide insight into the temporal evolution of the doping level, revealing a 

gradual decrease in conductivity over time, which highlights the limited stability of BCF as a standalone 

dopant. A comparison with BCF–F₄TCNQ complex doping is currently under investigation, as this 

approach has been shown to overcome this limitation in bulk P3HT systems [3]. 

 

 

 

  

  

 

 

 

 

Figure 1: (A) Evolution of the surface fraction of doped crystallites as a function of R for BCF-doped P3HT 

films at 5 mN/m. (B) Electrochemical impedance spectroscopy measurements for BCF-doped films with R=0.35. 
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Acetogenins are a class of natural products with reported bioactivity against microbial pathogens and 

tumour cells. Two acetylenic acetogenins isolated from Porcelia macrocarpa have shown activity 

against the protozoa Trypanosoma cruzi and Leishmania infantum, which are the ethiologic agents of 

Chagas disease and leishmaniasis, respectively. Notably, the cytotoxic effects of these compounds 

correlate with the degree of unsaturation in their alkyl chains: the more unsaturated compound is 

biologically active, whereas the more saturated analogues show little or no activity. Furthermore, the 

mixture of those two compounds showed increased bioactivity, highlighting possible synergistic effects. 
  
This study investigates the interfacial behaviour of this mixture of acetogenins (ACGs 1 and 2) alone 

and with protozoan membrane models based on Langmuir films. Monomolecular films of 

dipalmitoylphosphatidylethanolamine (DPPE) were formed at the air-water interface to mimic the outer 

leaflet of protozoa membranes. Then, 5% molar concentrations of ACG 1, ACG 2 and the mixture of 

ACGs 1 and 2 in a 1:1 molar ratio were spread together with the DPPE film. Then, the films were 

characterized by pressure-area isotherms, compressional moduli calculations, compression-

decompression cycles, kinetic stability assays, rheologic measurements by oscillating barriers and 

Brewster Angle Microscopy (BAM). 

 
The results show that unsaturated acetogenins disrupt and destabilize the lipid monolayers through 

mechanisms distinct from those of the fully saturated compounds. In addition, the unsaturated 

molecules form filamentous aggregates at surface pressures up to 25 mN/m, promoting significant 

molecular rearrangements in mixed films. The mixture of acetogenins shows differences on those 

aggregates (Fig. 1), as well as on their interfacial properties, which indicates that the mixture may have 

different mechanisms of interactions with cell membranes, which might lead to difference on their 

activities. 
 
Together, these findings provide mechanistic insight into how structural features such as chain 

unsaturation influence acetogenin–membrane interactions, helping to clarify their mode of action at 

biological membranes. 

 

 
Figure 1. BAM images of Langmuir films of pure ACG 1, ACG 2 and the 1:1 mixture of ACGs 1 and 2. 
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As polymer brushes are gaining increasing relevance in numerous fields, including separation, coating 

and sensing technologies, or as model systems to biological barriers, there is an emerging need for a 

better comprehension over material transport within. In the context of material transport, viscosity is a 

crucial parameter, but the conventional, shear-based and microviscosity measurement approaches are 

non-applicable for its experimental determination inside surface-tethered, nanoscopic polymer brushes. 

To address this issue, brush-bound viscosity-sensitive fluorescent molecular rotors (FMRs) may offer 

a viable route, as their fluorescence lifetime and intensity are indicative of their microenvironment, 

which - applying fluorescence lifetime-imaging microscopy (FLIM) – allows for visualizing local 

viscosity variations with diffraction-limited resolution. In this work, we achieved this through the 

coupling of a rhodamine-derivative molecular probe (RV-1 [1]) to N-isopropyl acrylamide-co-2-

hydroxyethyl acrylate (NIPAM-co-HEA) polymer brushes. According to FLIM and in-situ ellipsometry 

measurements under different water-ethanol mixtures and solvency conditions, the apparent viscosity 

within the brush increased with decreasing solubility (Fig. 1.), leading to maximum observed 

fluorescence lifetime and viscosity under cononsolvency conditions (20 V/V% EtOH). As the 

fluorescence lifetime was proven to be not entirely proportional to the brush expansion degree, we also 

ran molecular dynamics simulations to shed light on the underlying conformational transitions.  

 

 

 

 

 
 

Figure 1. Mechanism of action of polymer brush-integrated fluorescent molecular rotors 
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Self-propelled micromotors have attracted significant attention because of their wide range of 

innovative applications, including cargo transportation and decontamination. For their propulsion 

mechanisms, bubble generation using metal-catalysts deposited parent particles has been extensively 

studied. However, micromotors with hemispherical surfaces coated in metal, prepared using 

conventional deposition techniques, such as sputtering or electron beam deposition, exhibit random 

trajectory because bubbles are generated and released from a wide area on the micromotor surface. To 

achieve the regular and stable movement of self-propelled micromotors, the deposition area of metal 

catalyst should be small. In this study, we demonstrated the deposition of Pt nanoparticles (NPs) onto 

limited regions of polystyrene (PS) particles via UV radiation at the air-water interface [1,2]. These Pt-

deposited PS particles showed linear self-propelled motion in aqueous H₂O₂ solutions. We also showed 

that the present method allows for the selective deposition over a small area of Pt, thereby enabling the 

preparation of two spots of Pt NPs on a single PS particle.  

Selective and restricted Pt deposition on the surface of PS particles (12 µm) was achieved by UV 

irradiation of the particles on aqueous K₂PtCl₄ solutions (Fig. 1A). Due to the lensing effect of the PS 

particles, Pt was deposited at the central region of the bottom surface, where UV light was focused. The 

location of the focal point of UV light was confirmed by the FDTD simulation. SEM images of UV-

irradiated PS particles clearly demonstrated the deposition of Pt within a diameter of 4 µm onto 12-µm 

diameter PS particles. Further, TEM observation revealed that the Pt product was metallic nanoparticle 

aggregate. We then investigated self-propelled motions of Pt-deposited PS particles in aqueous H₂O₂ 

solutions. These Pt-deposited PS particles showed linear self-propelled motion by generating O2 

bubbles (Fig. 1B), which were repeatedly produced and released from a single point on the PS particle 

opposite the direction of propulsion. 

PS particles on an aqueous solution of K₂PtCl₄ were irradiated with UV light simultaneously from two 

opposite azimuths at an incident angle of 45°. SEM images of Pt-deposited PS particles in Fig. 1C 

clearly demonstrated the formation of two distinct Pt spots. The particles self-propelled, and bubbles 

were generated from the two distinct Pt spots. The onset of bubble formation at both spots was not 

synchronized. Furthermore, the trajectory of particles was not linear but rotational (Fig. 1D). The 

rotational trajectory is attributable to the asymmetrical generation of the bubbles at the two spots. 

 
Figure 1. (A) Illustration of Pt deposition technique by UV irradiation. (B) Trajectories of self-propelled Pt-

deposited PS particles. (C) SEM image and (D) trajectory of a PS particle with double Pt spots 
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In the framework of optical metasurfaces, the ability to tailor light-matter interaction through sub-

wavelength architectures has opened new frontiers for high-performance sensing [1]. This work 

investigates the optical response of ordered arrays of plasmonic nanocrystals, designed to serve as high-

performance transducers for enhanced fluorescence sensing. The research focuses on the complex 

interplay between localized surface plasmon resonances (LSPRs) and the diffractive modes emerging 

from the lattice periodicity. Plasmonic crystals, fabricated via nanosphere lithography (NSL) — a 

scalable and cost-effective thin-film deposition technique — represent a compelling platform within 

this landscape, enabling the precise engineering of ordered nanostructures over large areas. 

By employing a synergistic theoretical-experimental approach, we systematically analyzed how the 

array’s geometric parameters and nanocrystal morphology dictate the field localization at the metal-

dielectric interface. Numerical modeling guided the design phase, identifying the optimal 

configurations to bridge the gap between individual plasmonic excitations and collective lattice effects. 

This optimization leads to a significant enhancement of the local electromagnetic field, which was 

exploited to amplify the fluorescence emission of molecular monolayers. Our results show a drastic 

improvement in emission efficiency coupled with a tailored reduction in radiative decay times, 

consistent with a strong Plasmon-Enhanced Fluorescence effect [2]. Crucially, we performed an in-

depth investigation of fluorescence dynamics: time-resolved measurements demonstrated a tailored 

reduction in radiative decay times, offering a concentration-independent readout that minimizes 

artifacts typical of intensity-based methods. 

The primary strength of this study lies in its application to high-sensitivity diagnostics: the realization 

of a proof-of-concept platform for miRNA detection. By leveraging the near-field amplification 

provided by the nanostructured transducers, we achieved a sensitive optical readout of specific genetic 

sequences, significantly boosting the signal-to-noise ratio compared to standard substrates. These 

findings demonstrate that the strategic coupling of plasmonic and photonic modes in engineered 

nanocrystal arrays provides a robust framework for next-generation biosensing, paving the way for 

reliable, low-limit-of-detection diagnostic tools. 
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The mechanical properties of organised films at air-liquid and liquid-liquid interfaces are central to 

understanding their stability and function, yet they remain among the most challenging properties to 

measure accurately. Interfacial shear rheology provides direct access to the viscoelastic character of 

such films, linking molecular-level organisation to macroscopic behaviour in systems ranging from 

Langmuir monolayers and lipid membranes to protein films and particle-laden interfaces. 

Accurate interfacial rheology demands instruments with sensitivity tuned to the interface itself, not to 

the bulk phases surrounding it. The Boussinesq number — the ratio of interfacial to bulk viscous 

contributions — is the key figure of merit, and maximising it requires minimising the probe size while 

maintaining precise, artefact-free control. The KSV NIMA ISR Flip addresses this through a thin 

magnetic probe under contactless permanent-magnet control, with probe motion tracked by high-

resolution camera [1]. This design delivers exceptional sensitivity while eliminating the mechanical 

coupling artefacts that limit conventional interfacial rheometers. 

In this presentation, we introduce the ISR Flip and demonstrate its capabilities through selected 

measurements on organised interfacial films. We discuss measurement configurations relevant to the 

organised film community, including integration with a Langmuir compression trough for surface-

pressure-dependent rheology and a low-volume cell enabling measurements with minimal material — 

a critical consideration for biological and synthetic films that are costly or difficult to prepare. 

Together, these capabilities open new routes to characterising the mechanical life of organised films 

with a level of sensitivity and experimental flexibility not previously available. 

 

 

 
 

Figure 1. Interfacial shear rheometer with Langmuir trough 
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Today, research challenges in nanolithography and nanofabrication demand advanced solutions that 

exploit recent developments in nanofabrication, nanostructuring, high-resolution imaging and analysis 

techniques. Significant progress in this field has been driven, for example, by state-of-the-art field 

emission scanning electron microscope (FE-SEM) systems, featuring advanced electron optics that 

enable high-resolution imaging at low accelerating voltages. When combined with next-generation 

energy-dispersive X-ray spectroscopy (EDX) detectors, these systems allow for accurate nanoscale 

compositional analysis under the same imaging conditions. 

Furthermore, the integration of FE-SEM and focused ion beam–scanning electron microscopy 

(FIB-SEM) platforms with nanofabrication toolkits provides flexible and efficient solutions for a wide 

range of emerging research applications. These integrated systems have enabled substantial advances 

in areas such as nanocontacting [1], photonics [2], and quantum technologies [3]. 

The analytical capabilities are further enhanced through correlative microscopy approaches, where 

multiple microscopy techniques are combined in a multimodal and multiscale workflow. This strategy 

delivers a more comprehensive and holistic understanding of complex nanostructured samples, 

improving both structural and functional analysis. 

Finally, recent advances in software for automation and image analysis play a crucial role in modern 

microscopy workflows. User-centric platforms now enable end-to-end automation, significantly 

increasing productivity, throughput, and experimental reproducibility. These workflows increasingly 

incorporate also AI-assisted image analysis for efficient segmentation, feature recognition, and 

quantitative data extraction. 

This contribution reviews selected applications and technologies, demonstrating how advanced 

microscopy instrumentation combined with integrated and automated workflows represents the state of 

the art in analytical methods for addressing the growing complexity of thin films and nanostructured 

materials. 
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Colorectal cancer is one of the most prevalent malignancies worldwide. In 2022, it ranked third in 

incidence and second in cancer-related mortality, accounting for more than 900,000 deaths globally [1]. 

Projections suggest that this burden may nearly double by 2050 [2]. Photothermal therapy (PTT) has 

emerged as a promising minimally invasive strategy for cancer treatment due to its localized mechanism 

of action and reduced systemic toxicity. This approach relies on the administration of a photothermal 

agent that, upon irradiation with light at a specific wavelength, generates a localized temperature 

increase, leading to cancer cell death by hyperthermia. Gold nanostars are particularly attractive for this 

application because of their localized surface plasmon resonance (LSPR) in the near-infrared (NIR) 

region. Therefore, this study focused on the synthesis of silica-coated gold nanostars (AuNS@SiO2) 

and the evaluation of their potential as photothermal agents for PTT in colorectal cancer. The present 

study also aimed to apply the Langmuir film technique to investigate the interaction of AuNS@SiO₂ 

with membrane models derived from Caco-2 and HT-29 cell lines. The AuNS@SiO2 exhibited an LSPR 

band at 838 nm, a hydrodynamic diameter of 165.7 ± 7.8 nm, and a zeta potential of +32.6 ± 0.3 mV. 

Transmission electron microscopy (TEM) images confirmed the nanostar morphology and successful 

silica encapsulation, with a final diameter of 125.36 ± 17.90 nm. Lipid-enriched cell extracts were 

obtained from Caco-2 and HT-29 colorectal cancer cell lines. Surface pressure–area (π–A) isotherms 

were recorded using a PBS subphase, and AuNS@SiO2 were co-spread with the lipid extracts at 

different ratios (1:5, 1:2, and 1:1). The presence of AuNS@SiO2 caused a shift of the π–A isotherms 

toward larger molecular areas, indicating nanoparticle incorporation into the lipid monolayers of both 

cell models. The compressibility modulus (CS
-1) decreased with increasing nanoparticle concentration 

at 30 mN/m, suggesting enhanced monolayer elasticity, which may facilitate nanoparticle adsorption 

onto the membrane. FTIR spectra of Langmuir–Schaefer (LS) films from Caco-2 and HT-29 cells, with 

and without AuNS@SiO2, indicated that the nanoparticles predominantly interact with polar head 

groups, particularly phosphate and amide groups. Stability assays further demonstrated that irradiation 

produced distinct effects in the two models. After 120 minutes of exposure to an 810 nm LED system 

(BioLambda, light dose of 337.1 J/cm²), the relative area of Caco-2 monolayers decreased compared to 

the non-irradiated group, suggesting material loss to the subphase, possibly due to lipid chain cleavage. 

In contrast, HT-29 monolayers exhibited an increase in relative area after irradiation, which may be 

associated with lipid unsaturation oxidation and hydroperoxide (–OOH) formation. The next steps of 

this study include evaluating the cytotoxicity and phototoxicity of AuNS@SiO2 in Caco-2 and HT-29 

cells using MTT assays, assessing morphological changes by fluorescence confocal microscopy, and 

elucidating cell death mechanisms by flow cytometry to further confirm the potential of this 

nanostructure for photothermal therapy in colorectal cancer. 
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Studying and understanding the interaction between a compound with a potential biological activity 

and the cell membrane is crucial when we want to predict its efficacy as a candidate for a 

pharmacological agent. In this way, Langmuir films (layers with a one molecule thickness formed at 

the air-water interface) can act as an invaluable tool to mimic one side of the cell membrane and their 

interaction with a bioactive compound. Employing the Langmuir technique, we can meticulously 

manipulate variables such as surface pressure, the available area for the film, subphase pH and ionic 

strength, temperature, and the monolayer composition, increasing the complexity of the mimicry. 

 

Therefore, the focus of this study is to explore and understand the interaction between the 3,4-acetonide-

uridine-succinate-cholesterol (PNM3), a uridine derivative with potential anticancer properties, and the 

Langmuir films composed of dipalmitoyl phosphatidylcholine (DPPC), which is a major lipid found in 

erythrocyte cells, dipalmitoyl phosphatidylethanolamine (DPPE), as phospholipids found in 

significantly quantities in bacterial cell membranes, and dipalmitoyl phosphatidylserine (DPPS), a 

prevalent phospholipid found in mammalian cells. Notably, the PS lipids are overexpressed in the early 

stages of apoptosis. Various techniques were employed, such as surface pressure-area isotherms, 

surface potential isotherms, a polarization-modulated infrared absorption-reflection spectroscopy (PM-

IRRAS) and the Brewster angle microscopy (BAM).  

 

The analysis revealed that the addition of PNM3 in the monolayer shifted the isotherms to higher mean 

molecular areas, indicating interactions between the PNM3 and the monolayers. This clarifies whether 

the compound was incorporated into or expelled from the air-water interface. Notable changes could be 

observed in the surface potential isotherms, indicating a change in the orthogonal ordering of molecules 

on the interface. The BAM images showed that after the addition of PNM3, the film acquired a different 

morphology, with the formation of domains and clusters, which were not previously present in pure 

homogeneous films.  

 

This study unveils some critical insights into the molecular-level interaction between PNM3 and the 

cell membrane, thus providing a valuable knowledge for understanding its pharmacological action. 
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Leukemia is defined by the uncontrolled proliferation of malignant white blood cells, requiring 

therapeutic approaches that selectively target cancerous cells while minimizing systemic toxicity1. 

Among emerging approaches, photothermal therapy (PTT) and photodynamic therapy (PDT) have 

attracted significant attention as minimally invasive treatments based on light activation to induce 

localized cytotoxic effects. In PTT, photothermal agents convert absorbed light into heat, promoting 

thermal ablation, protein denaturation, and membrane disruption, whereas PDT relies on 

photosensitizers (PS) to generate reactive oxygen species (ROS), leading to oxidative stress and cell 

death. When combined, these modalities can act synergistically, enhancing therapeutic efficiency by 

complementary mechanisms. Nanostructured platforms are particularly suitable for integrating PTT and 

PDT due to their tunable optical properties and capability for PS incorporation2. In this work, gold shell-

isolated nanostars (AuNS@SiO2) were prepared and conjugated with the PS indocyanine green (ICG), 

followed by an additional silica shell, yielding AuNS@SiO2-ICG-SiO2 nanostructures. This 

architecture enables near-infrared (NIR) activation, favoring deeper light penetration and spectral 

overlap between the localized surface resonance of the gold nanostars and the absorption band of ICG, 

allowing simultaneous photothermal and photodynamic excitation under a single irradiation 

wavelength. The nanostructures were characterized by UV-Vis absorption spectroscopy, dynamic light 

scattering, zeta potential analysis, transmission electron microscopy, Raman spectroscopy, and 

photothermal efficiency upon irradiation at 810 nm LED (28.09 mW/cm2). Successful ICG conjugation 

and silica encapsulation were confirmed by a red shift of the plasmon band from 830 to 835 nm, an 

increase in hydrodynamic diameter from 109.9 to 135.7 nm, and an increment in the zeta potential value 

from 40.76 to 44.19 mV. Notably, the AuNS@SiO2-ICG-SiO2 exhibited enhanced singlet oxygen (1O2) 

generation and photoinduced heating compared to AuNS@SiO2 and free ICG, evidencing synergistic 

photodynamic and photothermal activity. In acute myeloid leukemia cells (HL-60), cellular uptake, cell 

viability, cell death pathways, and ROS generation were evaluated by flow cytometry. A time-

dependent increase in ICG fluorescence confirmed progressive incorporation of AuNS@SiO2-ICG-

SiO2. Upon NIR photoactivation (810 nm, 28.09 mW/cm²), the hybrid nanoplatform induced ROS 

production and predominantly triggered late apoptosis, resulting in a 62% reduction in cell viability at 

a 1:4 volumetric ratio, whereas AuNS@SiO2 alone showed no significant cytotoxicity. These findings 

demonstrate a synergistic phototherapeutic effect and highlight the potential of this gold shell-isolated 

nanostar platform as a promising strategy for NIR light-mediated treatment of acute myeloid leukemia. 
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Skin cancer is one of the most incident and aggressive types of cancer worldwide, which can develop 

resistance to conventional therapies. Treatments such as chemotherapy and surgical interventions 

present important limitations, including severe side effects and low selectivity toward tumor cells. In 

this context, phytotherapy has emerged as a complementary and promising strategy. Baicalein, a natural 

antioxidant flavonoid with antitumoral properties, has demonstrated significant biological activity, 

including interactions with plasma membranes1; however, its precise molecular mechanisms remain 

elusive. Among innovative therapeutic approaches, photothermal therapy (PTT) has gained attention as 

a minimally invasive strategy that employs photothermal agents capable of converting light into heat to 

selectively destroy tumor cells while minimizing damage to healthy tissues2. Gold nanostars (AuNSs) 

stand out in this field due to their strong light absorption in the near-infrared (NIR) region. The 

encapsulation of AuNSs within thermosensitive liposomes associated with an antitumoral flavonoid 

results in a multifunctional nanoplatform (AuNS@Lip+B) that enables controlled release of both the 

nanostructures and the flavonoid, improving biocompatibility and enhancing the therapeutic efficacy of 

PTT. In this study, AuNSs and liposomes composed of DPPC, DSPC, and DSPE-PEG2000 containing 

2.5% flavonoid were characterized using UV–Vis spectroscopy, dynamic light scattering (DLS), zeta 

potential analysis, and transmission electron microscopy (TEM). The AuNSs exhibited an average size 

of approximately 88 nm and a zeta potential of −33 mV. The liposomes were obtained by thin film 

hydration extrusion through a 400 nm membrane filter, showing stability for up to one month, with a 

mean size of 350 nm and a zeta potential of −35 mV. To further investigate the molecular interactions 

of baicalein with tumor cell membranes, lipid extracts from primary skin melanoma cells (A375) were 

used to form Langmuir monolayers. Surface pressure versus molecular area (π–A) isotherms were 

obtained to characterize the films. Langmuir films were prepared with A375 lipid extract and baicalein 

at different ratios (5:1, 2:1, 1:1, and 1:2 lipid extract to baicalein). The isotherms showed a displacement 

of the curves containing baicalein to higher molecular areas compared to pure A375 extract, indicating 

the insertion of baicalein molecules into the monolayers. Furthermore, analysis of the compressibility 

modulus demonstrated that baicalein incorporation reduced the maximum compression value from 63 

mN/m (pure A375) to values ranging between 57 mN/m and 49 mN/m. PM-IRRAS results indicate that 

baicalein interact predominantly with the polar heads groups of lipids of A375 extract. The MTT assay 

was performed to evaluate cell viability and metabolic activity under incubation with the nanoparticles. 

A375 cells were incubated with 2 proportions (1:8 and 1:2, nanoparticles, cell medium) of AuNSs, 

AuNS@Lip and AuNS@Lip+B. Notably, cell viability decreased to values ranging from 76% to 41% 

in the irradiated groups, indicating a significant reduction in metabolic activity following light exposure. 

Overall, these findings provide important insights into the interaction of baicalein with melanoma cell 

membrane models and support its potential application in phytotherapeutic strategies combined with 

advanced photothermal nanoplatforms for skin cancer treatment. 
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Melanoma, while less prevalent than other skin cancers, remains the most lethal and aggressive type, 

posing significant treatment challenges[1]. Photodynamic therapy (PDT) offers a promising, less 

invasive alternative to conventional therapies[2]. In this study, we explored the potential of methylene 

violet 3RAX (MV), a phenazine-family photosensitizer, for PDT applications through in vitro assays 

and Langmuir monolayer studies, focusing on its interactions with cell lipid extract membranes derived 

from two melanoma lineages, A375 and SH-4. Our results demonstrate that MV is non-cytotoxic in the 

absence of light irradiation but exhibits concentration-dependent cytotoxicity upon photoactivation. 

Flow cytometry confirmed late apoptosis as the dominant cell death pathway under irradiation. 

Langmuir isotherms revealed that MV adsorbs onto anionic head groups of the lipid monolayers, 

particularly interacting with phosphate groups, promoting molecular organization. Upon irradiation, 

significant material loss to the subphase was observed, suggesting photooxidative interactions with lipid 

tail unsaturations, leading to hydroperoxidation, chain cleavage, and membrane destabilization. These 

findings highlight MV dual role as an effective photosensitizer and a molecular probe for membrane 

interactions, providing new insights into its mechanisms of action in PDT.  
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Poly(3-alkylthiophenes) (P3ATs) have emerged as benchmark semiconducting polymers for organic 

electronics due to their excellent charge transport properties, solution processability, and ability to form 

well-defined crystalline structures [1]. Among them, poly(3-butylthiophene) (P3BT) offers a unique 

balance between side-chain length and structural order, making it particularly attractive for ultrathin 

film applications [2]. This study investigates the structural organization and electronic properties of 

ultrathin films of regioregular P3BT prepared using the Langmuir-Schaefer (LS) technique from the 

air-water interface, with a particular focus on the impact of the F₄TCNQ doping methodology. We 

demonstrate that neutral P3BT forms a highly ordered edge-on bilayer structure at the air-water 

interface, exhibiting long-range in-plane organization (Fig.1A). Two doping strategies, sequential 

doping to pre-formed LS films and in situ co-deposition [3] of P3BT:F₄TCNQ mixtures (8.5–70% 

molar fraction), were systematically compared. Grazing Incidence X-ray Diffraction (GIXD) reveals 

that both approaches induce significant structural modifications, including a contraction of the π-

stacking distance (from 3.85 Å to ~3.66 Å) consistent with polaron formation, as well as a disruption 

of long-range order along the polymer backbone. In situ UV-visible spectroscopy confirms efficient 

charge transfer and polaron formation directly at the air-water interface. Optimal doping efficiency 

for in situ doping is achieved at an F₄TCNQ molar fraction of 15-17%. Electronic conductivity 

measurements indicate that five-layer in situ doped P3BT films reach conductivities of ~1.40 S/cm, 

whereas sequentially doped five-layer P3BT films exhibit substantially lower conductivity (~0.04 S/cm) 

(Fig.1B). These findings clearly highlight the superior effectiveness of in situ doping in promoting a 

more uniform dopant distribution across the multilayer films. 

 

 
Figure 1. (A) Qz-integrated GIXD spectrum for a neutral P3BT film at the air-water interface (5 mN/m); inset: 

in-plane rectangular unit cell. (B) Electronic conductivity versus F4TCNQ content (x%) for single-layer (black 

circles) and five-layer (red circles) LS films doped in situ by co-deposition; the lines represent the conductivity 

obtained for sequentially doped single-layer (black line) and five-layer (red line) P3BT films (5 mN/m). 
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Thin polymer blend films provide a simple and versatile route to tunable surface properties [1]. Beyond 

simple blends, cross-linking reactions that yield interpenetrating polymer networks (IPNs) offer an 

efficient strategy to stabilize morphology and limit phase separation [2]. Although well established in 

bulk materials, this approach has been far less explored in thin-film systems [3]. Here, we used 

Langmuir films to investigate the cross-linking of two polymers widely employed as coating agents at 

the air–water interface: a polyethylene oxide–polypropylene oxide–polyethylene oxide triblock 

copolymer (PEO₁₁–PPO₃₅–PEO₁₁) and a perfluoropolyether (PFPE) (Fig. 1A). Each polymer was cross-

linked through a distinct pathway: PFPE via UV-induced free-radical reaction, and the copolymer via 

an addition reaction using 9,9-dioctylfluorene-2,7-biboronic acid (DFBA) as a cross-linker. 

A preliminary study of PEO₁₁–PPO₃₅–PEO₁₁/PFPE blends prior to cross-linking was conducted using 

isotherms, compressibility measurements, Brewster angle microscopy (BAM) observations, and sum-

frequency generation (SFG) spectroscopy. Below 15 mN/m, the additivity law on molecular areas is 

satisfied and BAM observations indicate homogeneous films. SFG results show that the molecular 

behavior of each polymer remains comparable to that observed in the corresponding pure films. Cross-

linking of a single polymer within a 50 vol% blend was carried out at low surface pressure to generate 

semi-IPNs. As an example, Figure 1B, C illustrates successful PFPE cross-linking within the pure film 

and the blend, evidenced by the conversion of conjugated C=O groups from the PFPE methacrylate end 

groups into non-conjugated ones and the disappearance of the C=C band. This process also led to 

significant film contraction, similar to that observed in 3D materials, while the films remained 

homogeneous according to BAM observations. Overall, these results demonstrate that in situ cross-

linking at the air–water interface is a promising strategy for stabilizing polymer blend thin films and 

controlling their nanoscale organization. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. A) Chemical structure of the polymers; SFG study at 5 mN/m of PFPE cross-linking during 

irradiation (10 min) B) within pure film and C) a 50 vol% PEO₁₁–PPO₃₅–PEO₁₁/PFPE blend. 
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The design of interpenetrating polymer network (IPNs) materials enables the combination of distinct 

polymer properties [1].  In this context, we investigate the formation of 2D IPNs to obtain nanocoatings 

with well-defined characteristics. Behavior in 2D systems cannot be predicted from 3D analogues, as 

confinement of polymer mixtures in 2D can lead to mixing phenomena markedly different from those 

observed in bulk materials [2]. To address this issue, binary thin films of poly(tetrahydrofuran) (PTHF) 

and a diacrylate-terminated poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) triblock 

copolymer (PEO-PPO-PEO) were studied using Langmuir monolayers, enabling morphology control 

through thermodynamic parameters. Compression isotherms show that the mean area per repeat unit 

follows the additivity rule, indicating either ideal mixing or complete phase separation. Brewster angle 

microscopy (BAM), however, reveals homogeneous morphologies and a single collapse pressure, 

supporting miscibility. UV irradiation in the presence of a photoinitiator was used to trigger cross-

linking of the PEO-PPO-PEO copolymer (Fig.1A). Pure copolymer and mixed PTHF/PEO-PPO-PEO 

films (PTHF molar fractions 0.2 to 0.8) undergo significant and irreversible contraction upon irradiation 

(Fig.1B). Cross-linking also preserves homogeneous morphology across all compositions. Sum-

Frequency Generation (SFG) spectroscopy performed on the pure copolymer film provides molecular-

level insight into the reaction: disappearance of the conjugated C=O signal confirms acrylate 

consumption, accompanied by monolayer densification consistent with network formation (Fig.1C).  

Cross-linking of PTHF through its terminal OH groups using a boron-based cross-linker to form boronic 

ester linkages is currently under investigation to generate fully 2D IPNs. 

 

 
Figure 1. (A) Reaction scheme for PEO-PPO-PEO cross-linking (B) Mean area per repeat unit as a function of 

time for a PEO-PPO-PEO film (black) and a mixed film with PTHF molar fraction 0.5 (pink) upon 15 min of UV 

irradiation; the reference without UV for pure PEO-PPO-PEO is also shown (blue). (C) SFG spectrum in the C–

H region at 10 mN/m (reference). Insets: left, SFG spectra in the C=O region with and without UV irradiation 

(H2O spectrum is a reference), right, CH2 sym band amplitude as a function of time. 
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Luminescent organic nanoparticles (NPs) is fabricated by a novel droplet laser processing[1], based 

on visible pulse laser resonant excitation, which is expected not to damage the organic material, but 

efficiently invoke the molecular vibration via strong electron-phonon coupling of π-conjugated organic 

dye MEHPPV. We have devised a continuous fabrication machinery[2] which utilizes a water flow 

through a glass capillary: dye solution injected into the water flow is immediately dispersed as 

microdroplets by an ultrasonic agitation. The laser beam is guided through the capillary with a beam 

diameter larger than the capillary diameter. All the dispersed dye microdroplets are laser processed with 

the same intensity and for the same duration of time while the microdroplets travel through the whole 

length of the capillary. This mechanism assures that every dye microdroplet is homogeneously laser 

processed and converted to solid NPs [3], which was found to lead to homogeneous and narrow 

distribution of resultant NP size. This machinery enabled a continuous and large volume production of 

dye NPs with homogeneous size.  

Dynamic light scattering measurement yielded the luminescent NP diameter about 100 nm through 

300 nm depending on the fabrication condition, e.g. the initial dye concentration, process temperature, 

laser exposure time, suppression of sonic standing wave, etc., however showing consistently an 

appearance of large aggregates [4]. In the present research, we incorporate positively charged NH3
+  via 

(3-aminopropyl)trimethoxysilane (APTMS) coupling at pH4.0 to the surface of NPs, aniticipating the 

suppression of infavorable NP aggreagation thanks to Coulomb repulsion: the average diameter 

increased 1.5 times after one week storage. Without bound charge, the average diameter increased 4.3 

times after one week. Surface-bound charge suppressed the NP aggregation by a factor of 1/3. Hence 

we fabricated NPs under an efficient condition for APTMS uptake, excessive APTMS bound to NPs, 

letting NP size large. But under this efficient 

condition, differential interference microscopy 

(DIC) revealed that APTMS bound only at the 

circumference of the NP sphere (Fig. 1(a)), since the 

observed two blobs per single NP were interpreted 

as the differential contrast of the constant APTMS 

density profile across the NP diameter (1(c)). In 

contrast, when the starting MEHPPV solution was 

preincubated with APTMS,  DIC image showed a 

larger blob separated by a dark sharp line (1(b)), 

which was interpreted as large number of APTMS 

buried inside the NP swollen by APTMS, giving 

rise to a density peak at the center of NP (1(d)). 

Small NPs also show the same DIC features within 

the optical resolution of  /2NA = 393 nm. 

Acknowledgements: This research was supported by Amada Foundation and Electronics Fundamental 

Research Center in our University. 
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Figure 1. Differential interference microscopy of (a) 

MEHPPV NPs postbound with APTMS, (b) NPs derived 

from MEHPPV preincubated with APTMS. (c, d) 

Corresponding hypothetical distribution of APTMS in 

NPs, their crosssectional density profile, and resultant 

differential contrast schematics. 
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Hybrid platforms based on eumelanin thin films and electrochemically deposited silver nanostructures 

(Mel@Ag) are presented as robust and reproducible substrates for ultrasensitive surface-enhanced 

Raman scattering (SERS). Eumelanin, extracted from sepia pigment and deposited onto indium tin 

oxide (ITO) via dip-coating, acts as a multifunctional interlayer combining redox activity and metal-

chelating capability. This enables fine control over Ag⁺ electroreduction, inducing an anodic shift of up 

to 120 mV and promoting uniform nanoparticle nucleation and growth. [1] 

A comprehensive physicochemical characterization (combining UV–Vis, FT-IR, Raman spectroscopy, 

X-ray diffraction, and electron microscopy) reveals a strong correlation between nanostructure 

morphology, plasmonic response, and SERS performance. Compared to bare silver films, Mel@Ag 

substrates exhibit improved structural homogeneity and enhanced electromagnetic properties. 

Finite-element simulations, supported by experimental observations, identify nanoparticle dimers as 

key contributors to signal amplification, particularly under 638 nm excitation, where an increased near-

field enhancement volume is achieved (Figure 1A). The platform enables detection of L-Dopa down to 

10⁻¹¹ M, with signal behavior influenced by heterogeneous adsorption mechanisms (Figure 1B). 

 
Figure 1. (A) SEM image of Mel@Ag nanostructures showing nanoparticle organization and dimer formation. (B) SERS 

spectra of L-Dopa at decreasing concentrations, demonstrating detection down to 10⁻¹¹ M. 

 

Notably, the melanin layer plays a dual role by directing nanostructure formation and facilitating analyte 

preconcentration through π–π interactions[2]. Furthermore, detectable SERS signals are retained in 

complex biological media, demonstrating partial resistance to biofouling and highlighting the potential 

of melanin-based hybrid nanostructures for sensing applications in biologically relevant environments.  

[1] G. Hasan et al. Ferroelectrics, 602(1), 121–134. 
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The emergence of SARS-CoV-2 variants is a challenge to COVID-19 treatments and represents an 

ongoing concern for public health. The Omicron variant has evolved into remarkable diversity, carrying 

over 30 mutations in its spike protein, which are associated with increased infectivity and immune 

escape [1]. The spike protein is a transmembrane protein that assembles as a homotrimer on the viral 

membrane, and it is responsible for binding to the Angiotensin-Converting Enzyme 2 (ACE2) receptor 

and fusion with the host cell membrane [2]. Despite progress in understanding the structure, function, 

and interactions of the spike protein, the role of the membrane environment in its activity remains poorly 

characterized. To address the complexity of biomembranes, models that partially replicate their 

assembly are frequently used to elucidate the contributions of membrane components to protein 

interactions. In this study, we investigated the binding of the SARS-CoV-2 Omicron spike ectodomain 

(S) to Langmuir monolayers composed of 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC), 1,2-

dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), 1,2-dioleoyl-sn-glycero-3-phospho-L-serine 

(DOPS), 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), 1,2-distearoyl-sn-glycero-3-

phosphoethanolamine (DSPE), and 1,2-distearoyl-sn-glycero-3-phospho-L-serine (DSPS). Surface 

pressure measurements were performed to determine the binding parameters of the S protein to the 

different lipid monolayers. As shown in Figure 1, the maximum insertion pressure (MIP) values were 

higher than the presumed lateral pressure of biomembranes, indicating that the S protein might interact 

physiologically with all lipids studied. Although relatively similar MIP values (30 - 35 mN/m) were 

observed for saturated (DS) and unsaturated (DO) lipids, the synergy revealed a more favorable 

interaction of the S protein with saturated lipids. Indeed, S protein binding exhibited the highest MIP 

and synergy on the DSPS monolayer, suggesting contributions of charge and affinity for condensed 

lipid domains. These findings demonstrate the significant interaction of the Omicron spike ectodomain 

with lipids, which could potentially impact its orientation, membrane insertion, and host cell entry. Our 

work contributes to a better understanding of spike protein behavior in biomembranes by providing 

insights into the influence of lipid properties and composition. 

 

 
 

Figure 1. MIP and synergy values of S protein to lipid monolayers. 
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The SIRIUS beamline at the SOLEIL synchrotron (France) is dedicated to the study of surfaces and 

interfaces by X-ray scattering and spectroscopy in the soft to hard X-ray range [1]. The user 

communities of SIRIUS are interested either in soft matter systems, and in particular in soft interfaces 

(air-liquid interfaces, biomimetic systems, Langmuir monolayers, polymer layers on solids or liquids, 

MOFs, nanoparticles at interfaces ...). Most of the existing grazing incidence techniques are available 

on the beamline: wide angle X-ray scattering (GIXD/GIWAXS), grazing incidence small angle X-ray 

scattering (GISAXS), X-ray reflectivity (XRR) both on liquids or solids, total reflection fluorescence 

(TRXF) or standing wave excited fluorescence (SWF), and surface absorption spectroscopy (GI-XAS) 

also under diffraction conditions (DAFS/GIDAFS). SIRIUS is equipped with two diffractometers 

allowing great versatility in the sample environment. A first diffractometer can handle heavy and bulky 

sample environments such as a Langmuir trough, a solid substrate sample environment with oven and 

vapor (water, solvent) exposure chamber, while simultaneously allowing various detection strategies 

with two detection arms. We will present the main features of the SIRIUS beamline and describe 

examples of research work in different fields (see Figure 1).  
 

 

 

 

 

Figure 1. Left) Self-assembly of  saturated branched fatty acids at the air/water interface in nanodomains 

studied by GIXD and GISAXS, demonstrating the high level of organization of the 20-80nm diameter 

nanodomains [2]. Middle) GIWAXS measurements of supramolecular nanowires obtained by electro-

polymerization between 10µm spaced electrodes. [3] Right) Structure at the air/water interface of lipid-

phenalenone conjugates determined by GIXD and XRR in situ, showing the possible stacking of phenalenone 

moieties [4] 
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Natural and biodegradable materials are attracting increasing interest as sustainable alternatives to 

synthetic surfactants for stabilizing Pickering emulsions. In this work, nanoparticles derived from 

natural, biodegradable, and GRAS materials are investigated as interfacial stabilizers for oil-in-water 

(O/W) Pickering emulsions designed as platforms for encapsulation and controlled delivery. 

 

In the first step, a bio-derived material (A) was processed into nanoparticles via an anti-solvent 

precipitation method and characterized for interfacial properties. Contact angle measurements 

suggested a favourable amphiphilic balance for adsorption at the oil–water interface (~90°). However, 

the intrinsic hydrophobicity and lyotropic behaviour of material A limited its dispersion in water and 

hindered efficient interfacial stabilization. To overcome these limitations, composite nanoparticles were 

prepared by combining material A with a hydrophilic polysaccharide (B) [1]. This strategy improved 

aqueous dispersibility and enhanced nanoparticles adsorption at the oil–water interface, enabling the 

formation of Pickering emulsions at lower nanoparticles concentrations than previously reported. 

 

Two homogenization techniques were explored to tune the emulsion microstructure: Ultra-Turrax (UT) 

mixing and sonication. UT produced emulsions with larger droplets (≈20 µm) that were stable for about 

one week, whereas sonication produced smaller droplets and significantly improved stability. 

 

While stabilizing the emulsion, the assembly of nanoparticles at the oil–water interface provides a 

platform for interfacial structuring. The resulting interfacial nanoparticle layer will be consolidated 

through green hardening strategies to form robust capsule shells with tunable permeability. 

Encapsulation and release processes will be investigated using confocal laser scanning microscopy 

(CLSM) [2], enabling correlation between interfacial structuring, capsule formation, and fluorophore 

diffusion. 

 

 
Figure 1. Pickering emulsions as templates for capsules formation. 
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The global surge in electricity demand, coupled with the shift toward renewable energy, has prioritized 

the development of high-efficiency energy storage and conversion devices. Zinc-air batteries (ZABs) 

have emerged as a leading technology due to their safety, environmental sustainability, and cost-

effectiveness. In this field, Metal-Organic Frameworks (MOFs) offer significant advantages over 

traditional catalysts, particularly regarding scalability and structural tunability. [1,2] 

 

This study explores the application of 2D Cu-Co based MOFs as electrocatalysts for the Oxygen 

Reduction Reaction (ORR). Using a synthesis protocol based on Langmuir monolayers, thin films were 

generated at the air/liquid interface by binding a cobalt porphyrin to Cu2+ ions. These 2D MOF films 

were subsequently transferred to the working electrode using the Langmuir-Schaefer method. The 

catalytic behavior was optimized by comparing different numbers of transferred layers. Electrochemical 

characterization was conducted via Cyclic Voltammetry (static and dynamic), Electrochemical 

Impedance Spectroscopy (EIS), and Electrochemical Surface Area (ECSA) measurements. 

Furthermore, functional zinc-air batteries were fabricated and tested using these MOF-based cathodes, 

demonstrating high performance and promising stability for next-generation electrochemical energy 

systems. 

 

 

 
 

Fig. 1. Schematic representation of working electrode modified with 2D Cu-Co based MOFs for ORR. 
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Elastin-like polypeptide (ELP)-based amphiphiles represent a highly adaptable framework for 

engineering nanostructured assemblies. Despite their potential, the precise influence of hydrophobic 

tail architecture on layer formation and interfacial behavior is not yet fully understood. This study 

investigates the interfacial properties of two custom-designed ELP amphiphiles: ELP80-g-squalene 

(ELP80-g-SQ) and ELP80-g-dodecyl (ELP80-g-C12). While both molecules share an identical ELP 

backbone, they differ strictly in their hydrophobic modifications [1,2]. 

 

Analysis through Langmuir isotherms and Brewster angle microscopy (BAM) revealed that ELP80-g-

SQ forms compact, multilayered domains, whereas ELP80-g-C12 maintains a fluid and homogeneous 

morphology. Complementary data from UV–vis reflection spectroscopy, ellipsometry, and contact 

angle measurements indicate that these biopolymers can transition into bilayer and multilayer 

architectures with distinct water-handling capabilities. 

 

This study demonstrates that when coupled with bulky hydrophilic groups like ELPs, the interdigitation 

of trans-unsaturated chains (squalene) drives the creation of rigid, multilayered structures, contrasting 

with the disordered packing characteristic of saturated alkyl tails [3,4]. By establishing a clear link 

between tail chemistry and interfacial packing, this research provides essential mechanistic guidelines 

for developing protein-based films in biointerfacial engineering, membrane coatings, and colloidal 

science. 

 

 
 

Figure 1. (A) Surface pressure-molecular area (π─A) isotherms (―) and compression modulus, Cs−1 (····) for 

ELP80-g-C12 (red) and ELP80-g-SQ (blue) bio-based polymers at 21 ºC. (B) Brewster Angle Microscopy (BAM) 

images of the ELP80-g-C12 and ELP80-g-SQ monolayers at the air-water interface. (C) Hypothetical scheme 

showing a plausible layering after consecutive ELP80-g-C12 (left) and ELP80-g-SQ (left) transfers. 

 

   References 
[1] S. Sarkar, P. Choudhury, S. Dinda, P. Kumar Das, Langmuir, 2018, 34, 10449–10468. 

[2] X. Yang, X. Shi, R. D’arcy, N. Tirelli, G. Zhai, Journal of Controlled Release, 2018, 272, 114-144. 
[3] K. Hąc-Wydro, K. Jędrzejek, P. Dynarowicz-ŁątkaAuthors, Colloids and Surfaces B: Biointerfaces, 2009, 72, 101-111. 

[4] D. Lombardo, M. A. Kiselev, S. Magazù, P. Calandra, Advances in Condensed Matter Physics, 2015, 2015, 1-22.

mailto:q52losii@uco.es
https://www.sciencedirect.com/journal/colloids-and-surfaces-b-biointerfaces


 

 

 P16 

Glyphosate-membrane interactions in biomimetic sperm plasma 

membrane systems 

 
Luiz G. S. Aquinoa., Luis F.do C. Moratoa, Gilia C. M. Ruiz a, Carlos J. L. Constantinoa  

 
a São Paulo State University (UNESP), School of Technology and Sciences, Presidente Prudente, Brazil 

 

gilia.ruiz@unesp.br 

 

Glyphosate is one of the most widely used pesticides worldwide and is extensively applied in Brazilian 

agriculture. Although its effects on human health are not yet fully understood, its detection in the 

seminal plasma of infertile men suggests a potential impact on the male reproductive system [1]. In this 

context, investigating the interaction between glyphosate and sperm plasma membranes is essential. 

Biomimetic membrane systems represent an efficient approach for such studies, as they allow molecular 

interactions to be evaluated under controlled conditions while reproducing key lipid features of the 

sperm membrane, such as chemical composition and fluidity.  

 

In this study, the interaction between glyphosate (10-4 mol L-1) and biomimetic systems of the sperm 

plasma membrane was investigated using giant unilamellar vesicles (GUVs) as lipid bilayers and 

Langmuir films as lipid monolayers. The lipid systems were composed of POPC (1-palmitoyl-2-oleoyl-

sn-glycero-3-phosphocholine), POPE (1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine), and 

SM (sphingomyelin), studied both individually and as a ternary mixture at a molar ratio of 2:2:1, which 

approximates the lipid composition of sperm plasma membranes [2].  

 

Additional molecular-level interactions in monolayers were obtained using polarization-modulated 

infrared reflection absorption spectroscopy (PM-IRRAS). Analysis of the π–A isotherms revealed that 

the presence of glyphosate caused shifts toward larger molecular areas in monolayers formed by 

individual lipids, following the trend POPC > SM > POPE. This behavior persisted until monolayer 

collapse, suggesting a stable interaction between glyphosate and the lipid headgroups. In contrast, the 

ternary monolayer exhibited minor displacement in the π–A isotherm, indicating that lipid–lipid 

interactions within the mixture are energetically more favorable than lipid–glyphosate interactions. 

Nevertheless, PM-IRRAS spectra revealed changes in the vibrational modes associated with polar 

functional groups, such as choline, phosphate, and amide groups, demonstrating that glyphosate still 

affects the chemical environment of the lipid headgroups in both ternary and individual lipid systems. 

  

Phase-contrast and confocal fluorescence microscopy observations of GUVs formed by both the ternary 

mixture and individual lipids revealed only minor morphological changes in the presence of the 

pesticide when monitored for up to one hour. The main effects observed were the partial loss of phase 

contrast and slight deviations from the spherical shape of the vesicles. The results indicate that 

glyphosate interacts primarily with the polar headgroups of membrane lipids, leading to measurable 

perturbations in simplified lipid systems. However, when lipids are organized in a ternary mixture, 

lipid–lipid interactions tend to attenuate the structural effects of the pesticide. These findings highlight 

the importance of membrane complexity in modulating pesticide–membrane interactions and suggest 

that biomimetic models resembling the sperm membrane provide a relevant platform for investigating 

the potential molecular mechanisms underlying glyphosate effects on male reproductive cells.  
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Magnetic-optical dual-mode imaging has emerged as a promising strategy in modern biomedical 

diagnostics, enabling improved disease detection, more precise diagnosis, and real-time monitoring of 

therapeutic processes. For this reason, the present study focuses on magnetite nanoparticles (MNPs) 

functionalized with a biocompatible polymer, chitosan (CS), and further modified with a high-quantum-

yield fluorescent dye, rhodamine (Rd), attached to their surfaces (CS-Rd-MNPs). These hybrid 

multifunctional nanoplatforms combine the superparamagnetic properties of MNPs with the spectral 

characteristics of fluorescent dyes, offering strong potential for dual-mode in vivo imaging using both 

magnetic resonance imaging and fluorescence-based spectroscopic techniques. While the chitosan 

coating ensures colloidal stability, biocompatibility, and biodegradability, the incorporation of 

rhodamine may significantly influence the physicochemical properties of the nanoparticles and 

consequently affect their interactions with biological interfaces. Therefore, it is essential to investigate 

the impact of a surface-bound fluorescent dye on the physicochemical properties and biological 

interactions of these MNPs. 

 

The aim of this work was to investigate the effect of rhodamine functionalization of chitosan-coated 

magnetite nanoparticles (CS-MNPs) on their interactions with biomimetic cell membrane models. For 

this purpose, Langmuir monolayers composed of phospholipids – 1,2-dipalmitoyl-sn-glycero-3-

phosphocholine (DPPC), 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC), 1,2-dimyristoyl-sn-

glycero-3-phosphocholine (DMPC), and 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC) – 

as well as cholesterol were used as model membrane systems. Compression isotherms describing the 

relationship between surface pressure (π) and the mean molecular area per molecule (A) were recorded 

for mixed Langmuir films containing phospholipids and either CS-MNPs or CS-Rd-MNPs. 

Additionally, Brewster angle microscopy (BAM) was employed to visualize in situ the morphology of 

the monolayers during compression. The obtained results provide insight into how rhodamine 

functionalization affects nanoparticle interactions with phospholipid membranes, including changes in 

monolayer stability, phase state, fluidity, and morphology. These findings contribute to a better 

understanding of nanoparticle-membrane interactions and may support the rational design of 

multifunctional magnetic-fluorescent nanoplatforms for biomedical imaging applications. 
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Understanding the interactions between proteins, DNA, and RNA is central to modern biochemistry 

and molecular biology. These biomolecules can drive liquid–liquid phase separation (LLPS), leading 

to the formation of membraneless organelles (MLOs) that regulate cellular organization and 

biochemical reactions. The structure and molecular composition of these condensates directly influence 

their physical properties and biological function. Disruption of these processes has been associated with 

several neurodegenerative diseases, including amyotrophic lateral sclerosis (ALS) and frontotemporal 

dementia (FTD). Despite their importance, the competing molecular interactions governing condensate 

structure and dynamics remain incompletely understood[1,2]. 

 

Here, we employ Coherent Anti-Stokes Raman spectroscopy (CARS) as a label-free vibrational 

imaging technique to monitor molecular changes within biomolecular condensates over time. Unlike 

fluorescence-based approaches, CARS enables non-invasive chemical characterization without dyes, 

labels, or nanoparticles, avoiding potential perturbations of delicate phase-separated systems. In model 

DNA condensate systems, structural transitions such as single-stranded to double-stranded DNA 

hybridization and salt-dependent conformational changes can be monitored during assembly. For 

protein condensates, vibrational signatures provide insight into secondary structure motifs, enabling 

discrimination between ordered α-helices, β-sheets, and disordered random coils. Furthermore, this 

technique does not only work for living organisms, but also for other structures, such as films, or solids. 

 

 
Figure 1. Left: CARS, setup and background. Right: Data obtained and protein characterization. 
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The increasing use of pesticides in agricultural production raises concerns about the risk of combined 

exposure to more than one type of pesticide through water and food, which can negatively affect the 

environment and human health. This combination may lead to the so-called “cocktail effect”, i.e., the 

combined action of more than one pollutant, which can produce effects different from those observed 

when the compounds are evaluated individually. To investigate these effects, the pesticides acephate 

and diuron, commonly associated with neurological and carcinogenic effects, respectively, were studied 

either individually or as a mixture. The action of the pesticides was studied in biomimetic systems of 

the cell membrane based on lipid bilayers (giant unilamellar vesicles – GUVs – and large unilamellar 

vesicles – LUVs) composed of a mixture of POPC, cholesterol, and sphingomyelin (70/20/10 mol%, 

respectively). The GUVs were evaluated via phase-contrast microscopy, while the LUVs (composed of 

POPC, SM or the ternary mixture) were used to determine the partition coefficient of the interaction by 

Isothermal Titration Calorimetry (ITC). Additionally, MTT assays were employed in order to 

investigate the effects of the pesticides on Hep-2 cell viability.  

In GUVs, the presence of the pesticides, either individually or as a mixture, did not significantly change 

the morphology of the structures. However, the total number of vesicles counted after 30 minutes of 

exposure to the pesticide mixture was significantly reduced (40%). ITC results showed weak partition 

constants for both pesticides in POPC and SM bilayers, suggesting that the pesticides, particularly 

diuron, interact mainly at the membrane surface, probably localized at the outer leaflet of the LUVs. 

This result is consistent with previous studies, which show through molecular dynamics simulations 

that both pesticides remain in the outer leaflet of the vesicles without penetrating the bilayer1. In the 

MTT assays, lower cell viability was observed in cells exposed to diuron compared to acephate. 

Regarding the cocktail, a more pronounced effect was observed upon exposure to the mixture when 

compared with the average value obtained for the individual pesticides, indicating that the Ace/Diu 

mixture may synergistically affect the cells. 

These results suggest that a more pronounced impact may be expected when the cell membrane is 

exposed to the pesticide cocktail, potentially leading to more severe consequences for human health. 
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Last year in Brazil, a traffic accident caused the release of dye into a stream, turning capybaras 

and birds blue and leading to fish mortality [1]. Dyes are frequently associated with environmental and 

health problems, such as carcinogenesis and fetal malformation [2]. In this context, the objective of this 

work is to study a substrate capable of detecting dyes in aqueous media via Surface-Enhanced Raman 

Spectroscopy (SERS), using as support cellulose microfibers (CMF – ZP = 6.6 ± 0.4 mV) and cellulose 

microfibers functionalized with copper nanoparticles (CMF/CuNPs – ZP = 11.5 ± 0.2 mV) reduced in 

situ. The anionic dye nickel tetrasulfonated phthalocyanine (NiTsPc) was used as probe-molecule. CMF 

were added into the stock dye solution and, after centrifugation, the precipitate was dried for detection. 

Ag (ZP = −38.7 ± 1.8 mV) and Au (ZP = 35.7 ± 0.9 mV) colloids were drop-cast onto the dried 

precipitate and mixed prior to drying. Three bands were monitored during the measurements: 752 cm⁻¹ 

(phthalocyanine ring breathing), 1336 cm⁻¹ (pyrrole stretching), and 1555 cm⁻¹ (isoindole group 

stretching) [3]. Using CMF, a limit of detection (LOD) of 5.0 × 10⁻⁸ mol L⁻¹ was obtained for the 1555 

cm⁻¹ band. For CMF/CuNPs, LOD = 2.5 × 10⁻⁷ mol L⁻¹. One hypothesis for the higher sensitivity 

observed with CMF without CuNPs is that the high surface coverage of CMF by CuNPs may hinder 

the SERRS signal. Additionally, changes were observed in the main peaks when compared with 

resonance Raman spectra obtained in NiTsPc solution (1.0 × 10⁻⁵ mol L⁻¹). For CMF + NiTsPc, a 

tendency toward inversion of the relative band intensities was observed, with the largest change 

occurring in the 1555 cm⁻¹ / 752 cm⁻¹ ratio. In contrast, the CMF/CuNPs + NiTsPc system did not show 

a clear inversion of the relative intensities as observed in the previous system. However, a significant 

increase in the full width at half maximum was observed for the CMF/CuNPs + NiTsPc system (1.0 × 

10⁻⁵ mol L⁻¹) compared with the NiTsPc reference (1.0 × 10⁻⁵ mol L⁻¹ solution). In an attempt to 

improve the detection limit, different metallic nanoparticles were also tested using several 

methodologies: Au and Ag colloids deposited by drop-casting onto dried microfibers, Au and Ag 

colloids mixed with the microfibers before drying, Au islands evaporated onto dried microfibers, and 

Ag and Au colloids without microfibers, with NiTsPc measured directly in the colloidal dispersion. 

Contrary to expectations, in only a few cases did these nanoparticles enhance the signal intensity. In 

addition to the CMF + NiTsPc showing a stronger signal than CMF/CuNPs + NiTsPc, the addition of 

Ag colloids (either deposited onto dried microfibers or mixed before drying) produced similar or lower 

signals. Au colloids enhanced the signal for both microfibers when mixed prior to drying. However, the 

large standard deviation prevented precise comparisons due to the heterogeneity of the microfibers.  
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Bilosomes as novel nanoplatforms, containing bile salts and other biocompatible surface-active agents, 

have revolutionized the field of colloid chemistry, nanomedicine, and nanobiotechnology. Due to their 

versatility and adaptability to various applications, they have gained considerable attention among 

researchers, thus offering a promising pathway to achieve effective and targeted delivery of 

miscellaneous drugs [1-3]. However, the development of these advanced supramolecular nanocarriers 

relies on understanding how subtle variations in surfactant molecular architecture regulate interfacial 

self-organization, thereby governing the physicochemical parameters and colloidal stability of the 

resulting “soft” nanostructures. Elucidation of these structure–property relationships enables the 

rational control of the designed nanocarrier characteristics and their precise adaptation to application-

specific requirements, in accordance with the principles of Green Chemistry.  

Consequently, our contribution reports the formulation of a novel class of bilosomes using the self-

assembly process of using newly synthesized sorbitan esters derived from linoleic acid and α-linolenic 

acid as polyunsaturated fatty acid (PUFA)-based, environmentally benign sugar surfactants [4]. The 

other nanocarrier components were composed with inspiration from green chemistry, exclusively of 

biocompatible bile salts and cholesterol. Bilosomes were prepared using thin film hydration combined 

with sonication methods. The optimization studies and physicochemical properties of the vesicles were 

performed using dynamic and electrophoretic light scattering techniques (including particle size and 

zeta potential) as well as morphology imaging, applying advanced imaging methods, such as scanning 

transmission electron and/or atomic force microscopies. Polydispersity and zeta potential remained 

stable over time, confirming the high colloidal quality of the selected nanoplatforms, preferentially 

stabilized with a novel 1,4-sorbitan ester with an α-linolenic acid chain.  

Our work demonstrates how structural engineering of “green” surfactants can be leveraged to design 

sustainable, high-performance vesicular-type bilosomal systems, offering positive predictions for 

advanced biomedical applications. 
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Magnetite nanoparticles (MNPs) are widely investigated as nanomaterials for anticancer therapies  

[1-3,5]. When exposed to an alternating magnetic field, their superparamagnetic properties enable 

localized heat generation, leading to selective cancer cell destruction via magnetic hyperthermia [5]. In 

addition, MNPs exhibit relatively low toxicity compared with many other metallic nanoparticles and 

possess high surface reactivity, enabling versatile surface functionalization. Coating with 

polysaccharides such as levan improves biocompatibility and biodegradability while providing 

functional groups for further modification with bioactive molecules, including photosensitizers [2-3,10-

11]. Their incorporation is particularly attractive, as it enables the combination of magnetic 

hyperthermia with photodynamic therapy, providing a dual anticancer modality [4-5]. 

 

In this study, two types of magnetite nanoparticles were investigated: levan-coated nanoparticles (L-

NPs) and levan-coated nanoparticles further functionalized with zinc phthalocyanine (ZL-NPs). 

Incorporation of zinc phthalocyanine introduces photodynamic activity, creating a dual anticancer 

platform, but may also alter the physicochemical properties of the nanoparticles and consequently affect 

their interactions with biological membranes and cells [6-9,10-11]. However, the impact of 

photosensitizer incorporation on nanoparticle–membrane interactions remains insufficiently 

understood. Therefore, L-NPs and ZL-NPs were compared to evaluate how photosensitizer 

functionalization of the polymer shell influences their interactions with model membranes. 

 

To address this, Langmuir monolayers composed of phospholipids – 1,2-dipalmitoyl-sn-glycero-3-

phosphocholine (DPPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (POPC), 1,2-distearoyl-

sn-glycero-3-phosphocholine (DSPC), and 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) – as 

well as cholesterol were used as model membrane systems. L-NPs and ZL-NPs were introduced into 

these monolayers at different weight fractions. Binary monolayers containing nanoparticles and lipids 

or cholesterol were analyzed using surface pressure–mean molecular area isotherms and compressibility 

modulus to assess the effect of L-NPs and ZL-NPs on monolayer stability, phase behavior, membrane 

packing, and fluidity. Brewster angle microscopy provided in situ visualization of nanoparticle-induced 

changes in monolayer morphology and lateral organization. 
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Over the past decade, nanomaterials and supramolecular assemblies have gained significant attention 

in sensing applications due to their tunable nanostructures, high surface area, and efficient charge-

transport properties. These characteristics enhance the density of active sites and support the design of 

multicomponent sensing layers with complementary functions. In particular, supramolecular films offer 

robust platforms for enzyme immobilization, enhancing both the stability and sensitivity of biosensing 

systems [1,2]. 

The Langmuir-Blodgett (LB) technique offers a highly adaptable method for assembling enzyme-based 

biomimetic films with controlled molecular organization and well-defined enzyme-lipid interactions. 

In this work, galactose oxidase (GaOx) is incorporated into LB films prepared from two different 

amphiphiles, arachidic acid (AA) and dimethyldioctadecylammonium bromide (DODAB), together 

with gadolinium bisphthalocyanine (GdPc2), which functions as an electron mediator. This 

configuration provides a suitable framework to investigate how variations in intermolecular interactions 

and the interfacial environment affect the enzyme’s activity, structural arrangement, and electron-

transfer characteristics within the resulting supramolecular film. 

The adsorption of GaOx onto the floating amphiphile/GdPc₂ monolayers was evidenced by distinct 

modifications in the surface pressure–time (π-t) curves, together with noticeable shifts in the surface 

pressure-area (π-A) isotherms and in the compressibility modulus (K). These variations point to 

enzyme-film interactions that depend strongly on the amphiphile used. Structural observations further 

indicate that GaOx is able to penetrate AA-based monolayers, whereas in DODAB films the enzyme 

remains primarily at the interface, held by electrostatic attraction and showing minimal insertion into 

the layer. 

Electrochemical analysis confirmed that GaOx maintains its catalytic activity within both amphiphilic 

environments. However, the composition of the film has a pronounced impact on the pathway of 

electron transfer. In GaOx/AA/GdPc₂ films, galactose oxidation proceeds predominantly through an 

oxygen-mediated mechanism, while DODAB-based assemblies enable direct electron transfer (DET) 

between the enzyme and the electrode. As a result, the DODAB/GdPc₂ configuration achieves notably 

higher sensitivity, with detection limits reaching the 10⁻⁷ M range. Overall, these results demonstrate 

that the choice of amphiphile in supramolecular films plays a decisive role in regulating enzymatic 

function and electron-transfer efficiency, emphasizing the promise of enzyme-phthalocyanine hybrids 

for advanced biosensor development. 
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The present work presents the development of a 3D bioinspired system of intestinal barrier membranes 

to study the impact of the synthetic food dyes Allura Red AC (AR – anionic), Brilliant Blue (AB – 

zwitterionic), and Rhodamine B (RdB – cationic). The fundamental systems are lipid bilayers organized 

as giant unilamellar vesicles (GUVs, 3D system), formed from the ternary mixture POPC/POPE/SM 

(3/1/1 mol%) and the quaternary mixture POPC/POPE/SM/POPS (2/1/1/1 mol%), ensuring similarity 

in chemical composition, size, and fluidity with intestinal tract cells [1]. Comparing the interaction of 

the two mixtures with the dyes is important because serine lipids, represented by POPS (anionic), 

contribute to the regulation of the intestinal inflammatory environment [2]. 

 

In water (control group), GUVs from the ternary (POPC/POPE/SM) and quaternary 

(POPC/POPE/SM/POPS) mixtures showed less than 10% morphological changes, indicating vesicle 

stability. In the presence of the dyes, the percentage of vesicles with morphological changes increased 

in all cases, reaching or exceeding 30%. It was also observed that the presence of the lipid POPS in the 

quaternary GUVs altered the interaction behavior due to its negative charge. Compared with ternary 

GUVs, quaternary GUVs showed fewer morphological changes in the presence of AR (anionic dye) 

and more in the presence of RdB (cationic dye). This occurs because the electrostatic dynamics between 

the charges of POPS and the dyes cause the quaternary mixture to repel AR (same charges) and attract 

RdB (opposite charges). The percentage of vesicles with morphological changes in the presence of AB 

remained unchanged. 

 

Finally, it was also observed that the number of vesicles counted in the presence of the dyes was lower 

in all cases, indicating rupture events. When comparing the percentage of counted GUVs in both 

systems, the same electrostatic pattern described previously can be observed. That is, due to the 

electrostatic interaction, the number of ruptures in the quaternary system decreased in the presence of 

AR and increased in the presence of RdB. These rupture events were recorded using a fluorescence 

technique. 

 

Therefore, it can be concluded that the synthetic food dyes AR, AB, and RdB interact with GUVs based 

on intestinal barrier membranes, promoting morphological changes and rupture events. Comparing 

ternary and quaternary GUVs showed that the lipid POPS promotes electrostatic interactions between 

vesicles and dyes. These results indicate not only that AR, AB, and RdB pose a high. These findings 

provide mechanistic insight into dye-membrane interactions and highlight the role of PS lipids in 

modulating these effects. This work was supported by FAPESP 2025/00337-2, INCT/INEO FAPESP 

2025/27044-5 and CNPq 408449/2024-1; Universal CNPq 403359/2023-6; PQ CNPq 306501/2022-8. 
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Electrochemiluminescence (ECL) is a powerful analytical technique based on the light emission of 

excited luminophore species generated through high-energy electron transfer reactions at the electrode 

surface. Owing to its high sensitivity, low background signal, and precise electrochemical control over 

light generation, ECL is widely employed in bioanalysis and clinical diagnostics. [1] However, the 

library of efficient ECL luminophores remains limited, particularly for bioanalytical applications, where 

materials must combine suitable redox properties with water solubility and biocompatibility. [2,3] 

 

In this context, carbon nanodots (CNDs), carbon nanoparticles with diameters below 10 nm, have 

recently emerged as promising candidates due to their excellent water solubility, low toxicity, chemical 

stability, and versatile surface chemistry. Importantly, their optical and electrochemical properties can 

be tuned through rational precursor selection or post-synthetic functionalization. [4,5] 

 

Here we report the synthesis and characterization of perylene bisimide-doped CDs (CND@PBI) as 

innovative platforms for ECL applications. Perylene bisimides (PBIs) are highly photostable, π-

conjugated dyes with favorable electrochemical properties but are typically poorly soluble in water, 

which limits their use in bioanalytical ECL systems. [6] To overcome this limitation, we developed a 

synthetic strategy that integrates a PBI derivative into the growing carbon dot framework starting from 

the corresponding dianhydride precursor. This approach converts an intrinsically water-insoluble 

organic dye into a stable and water-dispersible nanomaterial, while preserving the advantageous 

photophysical and electrochemical characteristics of the PBI chromophore. The resulting CND@PBI 

were evaluated for their ECL performance and showed a markedly enhanced signal compared to 

undoped carbon nanodots, demonstrating their potential for advanced ECL systems. 
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Among the extensive list of agricultural contaminants permitted in Brazil, ethephon (ETP) stands out 

as a widely used organophosphorus plant growth regulator, raising concerns about environmental 

exposure and potential reproductive toxicity [1]. Although animal studies report reduced sperm count, 

morphological abnormalities, and testicular damage following ETP exposure, the molecular 

mechanisms underlying these effects remain poorly understood. In this context, bioinspired systems 

that mimic the lipid structure of cell membranes provide a valuable approach for investigating 

membrane contaminant interactions under controlled conditions, since membrane organization and 

stability are critical determinants of sperm function [2]. Therefore, this work aims to investigate the 

interaction between ETP, and biomimetic sperm membrane systems composed of the lipids POPC, 

POPE, and sphingomyelin (SM), both individually and in a ternary mixture (2:2:1 molar ratio). This 

lipid composition was selected to reproduce key physicochemical features of sperm plasma membranes, 

including their chemical composition, lipid organization and fluidity [3]. Lipid assemblies were 

prepared as monolayers and bilayers. Monolayers were formed in a Langmuir trough (KSV NIMA) 

using ultrapure water or an ETP solution (10⁻⁴ mol·L⁻¹) as the subphase. The interfacial properties were 

characterized by surface pressure–area (π–A) isotherms, compressibility modulus (Cs⁻¹) calculations 

and polarization-modulated infrared reflection absorption spectroscopy (PM-IRRAS) using a PMI 550 

spectrometer (KSV Instruments). Bilayer systems were studied as giant and large unilamellar vesicles 

(GUVs and LUVs). GUVs were used to directly visualize membrane structural integrity and 

morphological changes upon ETP exposure with an inverted confocal microscope (Nikon C2/C2si 

Eclipse Ti-E, Kyoto, Japan). LUVs were prepared by extrusion of multilamellar vesicles (MLVs) in the 

presence of the fluorescent probe LAURDAN, and their emission spectra were recorded using a 

Fluorolog spectrofluorometer (Horiba) to evaluate changes in membrane packing and hydration. ETP 

induced pronounced structural destabilization in GUVs, including leakage, rupture, and marked 

morphological deformation, indicating compromised membrane integrity. In LUVs, LAURDAN 

fluorescence revealed increased lipid order and reduced interfacial hydration when in the presence of 

ETP, consistent with tighter lipid packing and decreased membrane fluidity. At the air-water interface, 

Langmuir isotherms showed only minor variations in mean molecular area, whereas PM-IRRAS 

indicated preferential interaction of ETP with lipid polar headgroups accompanied by enhanced vertical 

ordering of hydrocarbon chains. The results showed significant interaction between ETP and the lipid 

membrane models and provide mechanistic insight into how ETP may directly affect membrane 

physicochemical properties, contributing to impaired sperm membrane function and reinforcing the 

potential reproductive toxicity of this agrochemical.  
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Photodetectors that can convert circularly polarized light into electrical signals, have different 

applications in satellite communication, 5G technologies, and more advanced sensing technologies. 

One way to achieve circularly polarized light detection is to use materials which can directly 

discriminate between left- and right-handed circularly polarized light.[1] A promising material class for 

this application are Non-Fullerene Acceptors (NFAs) which are typically used as acceptor materials in 

organic photovoltaics. As Liu et al.[2],[3] have shown, NFAs can be integrated in circularly polarized 

light detectors by introducing chiral alkyl side chains (gabs = 0.04).[2],[3] 

 

In this work, various fluorene-based NFAs with chiral side chains were synthesized and their ability to 

distinguish between left- and right-handed circularly polarized light was evaluated through Mueller-

Matrix ellipsometry. For the most promising compounds, the influence of processing parameters and 

the used donor compound on device performance was studied. We observed that in many cases a 

compromise between classical photodetector performance and gabs has to be made. Nevertheless, (S,S)-

F2T-DCI mixed together with the donor polymer PBDB-T in a Bulk-Hetero-Junction showed very 

promising performance in devices, featuring a specific detectivity of up to D* = 2.7 · 1012 Jones, while 

showing gabs-values of up to 0.33 which to the best of our knowledge is the highest reported value for 

chiral organic photodetectors as shown in Figure 1. 

0 20 40 60 80 100

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

 Literature

 This Work

g
a

b
s

% EQE

 
Figure 1. Overview of gabs in comparison to the external quantum efficiency (EQE) of this and comparable 

works. The values were taken from a table of Wan et al.[4] 
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Mixing materials to obtain advantageous properties is a well-known strategy in fields such as band gap 

engineering, yielding a tuneable band gap. These mixtures are invariably exposed to an undesired side 

effect: compositional disorder[1]. Compositional disorder is a phenomenon that affects the energy 

landscape of a material mixture. The analysis of compositional disorder in different inorganic systems, 

such as perovskites[2] or transition metal dichalcogenides[3], demonstrated that disorder affects the 

energy landscape up to 10 meV[1]. In organic materials, only few examples of compositional disorder 

analysis exist. To date, the analysis of these mixtures remains challenging. To the best of our 

knowledge, there is neither a universal method for analysing these systems, nor is there a model, that 

can precisely describe (or predict), how disorder will impact the resulting energy landscape. 

 

This study focuses on mixtures of small organic molecules, in particular merocyanine dyes (Fig. 1, left), 

featuring close structural similarity of the two components, to warrant miscibility in any ratio[4]. A 

comprehensive understanding of these mixtures was obtained through structural and morphological 

analysis using X-ray diffraction and atomic force microscopy. In order to gain insights into the optical 

behaviour of the mixtures, a range of spectroscopic techniques has been utilised. The Stokes shift and 

photoluminescence linewidth have been demonstrated to serve as an effective tool for the examination 

of disorder[2-3], which has been employed together with UV/Vis spectroscopy. 
 

 

Figure 1: Absorber Molecules HB238 and MK017 (left, from top to bottom) and UV/Vis absorption spectra of 

thin-films of HB238, MK017 and their mixtures (right). 
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We employ Spectroscopic Ellipsometry (SE) in the Kretschmann-Raether (KR) configuration (KRSE) 

to characterize a DNA-functionalized platform designed for detecting specific viral oligonucleotide 

sequences. KRSE merges SE with Surface Plasmon Resonance, improving sensitivity to subtle 

interfacial phenomena.  The sensor consists of a self-assembled monolayer of thiolated DNA probes 

mixed with mercaptohexanol (MCH) spacers to promote upright probe orientation [1].  

The system is evaluated for its ability to selectively recognize the RdRp-Helicase sequence of SARS-

CoV-2, effectively discriminating it from the still circulating SARS-CoV HKU strain. KRSE spectra 

exhibit pronounced redshifts (δλ) of the resonance as a function of target concentration. The formation 

of the probe layer and, in particular, the deposition of MCH induce a deeper minimum in Ψ vs. λ data 

at resonance [2]. No further variation of the value of Ψ at resonance is observed in sensing cycles 

(Figure 1). 

 

Figure 2: Ψ near-resonance experimental spectra after the different molecular deposition steps. 

Optical modelling indicates that δλ redshifts are determined by increases in optical thickness of the 

adsorbed layer, while the Ψ changes at resonance derive from the formation of a sub-nanometric Au-

thiol interfacial layer. This interface is modelled using a Bruggeman effective medium approximation, 

following previous standard SE experiments. Analysis of δλ shifts allows to derive a calibration curve 

with a nanomolar detection limit, and enables precise assessment of sensor specificity, outperforming 

previous conventional SE measurements on the same system [3]. 
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Allura Red AC (AR) is a synthetic azo dye widely used as a food additive in processed foods, beverages, 

and pharmaceuticals. Despite regulatory approval, increasing evidence suggests potential adverse health 

effects, including a higher risk of inflammatory bowel diseases, likely associated with disruption of 

intestinal immune homeostasis [1]. Membrane mimetic systems provide a useful approach to investigate 

the molecular basis of these effects, as they reproduce key physicochemical properties of gastrointestinal 

(GI) epithelial membranes, such as lipid composition, organization, and fluidity [2]. GI membranes are 

mainly composed of phosphatidylcholine (PC, 40%), phosphatidylethanolamine (PE, 23%), and 

sphingomyelin (SM, 23%), whose balance is essential for membrane integrity and function [3,4]. 

Interactions with exogenous compounds, such as AR, may alter lipid organization and permeability, 

affecting cellular processes [5]. Here, we investigated AR interactions with biomimetic lipid systems 

using Langmuir monolayers and unilamellar vesicles of different sizes: giant, large, and small (GUVs, 

LUVs, SUVs). Monolayers were composed of POPC, POPE, SM, and their mixtures (POPC/POPE, 

POPC/SM 3:1, and POPC/POPE/SM 3:1:1), while vesicles were prepared from the ternary composition. 

Surface pressure–area (π–A) isotherms showed increased molecular area in all monolayers upon AR 

addition, with stronger effects in POPC/POPE. BAM and PM-IRRAS confirmed morphological and 

structural changes, indicating monolayer reorganization. PM-IRRAS further suggested interactions 

involving vsPO₂, vasCN⁺C, amide I, vsCH₂, and vasCH₂ groups. In vesicles, AR induced morphological 

alterations such as budding and endocytosis in GUVs, along with a reduction in vesicle number. LUVs 

exhibited decreased DLS intensity and changes in zeta potential, indicating partial disruption or surface 

interaction. In contrast, SUVs showed negligible changes, suggesting that AR–membrane interactions 

depend on curvature and size. Overall, AR strongly interacts with lipid membranes, altering their 

organization and stability, which may help explain its biological effects in the gastrointestinal 

environment. 
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Hybrid soft materials combining piezoelectric and magnetic functionalities have attracted 

increasing interest for sensing and bioelectronic applications. In this work, anisotropic 

composite hydrogels based on gelatin methacryloyl (GelMA) were developed by incorporating 

ZnO microrods decorated with iron oxide (FeOx) nanostructures. 

The FeOx decoration provided magnetic responsiveness, enabling the controlled alignment of 

the ZnO/FeOx structures within the hydrogel matrix through external permanent magnets. Both 

horizontal and vertical orientations were successfully achieved, generating organized 

anisotropic architectures. SEM analysis revealed elongated ZnO microrods with 

submicrometric diameters (430 nm) decorated by FeOx nanostructures with dimensions of a 

few tens of nanometers (Figure 1). The structural and compositional properties of the 

composites were investigated by X-ray diffraction (XRD), Raman spectroscopy, scanning 

electron microscopy (SEM), and energy-dispersive X-ray spectroscopy (EDX), confirming the 

successful formation of the hybrid ZnO/FeOx structures and their incorporation into the 

GelMA matrix. Compression-induced piezoelectric measurements demonstrated a 

reproducible electrical response under mechanical stimulation, highlighting the beneficial 

effect of magnetic-field-assisted alignment on the electromechanical performance of the 

material. The combination of magnetic organization, piezoelectric activity, and hydrogel 

processability provides a versatile strategy for the fabrication of anisotropic soft materials with 

potential applications in pressure sensing, artificial skin, and mechanically responsive 

biomaterials [1,2]. 

 
Figure 1. SEM image of a FeOx-decorated ZnO microrod showing the elongated morphology of the 

piezoelectric structure and the presence of nanoscale FeOx features on the rod surface. 
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Clean water is essential for preserving ecosystems and sustaining life on Earth [1]. Therefore, the 

development of fast and low-cost technologies to monitor water quality and detect emerging pollutants, 

such as pesticides, is of great importance [2]. Among these compounds, the herbicides paraquat (PQ) 

and diquat (DQ), widely used for weed control, deserve special attention [2]. Due to their high solubility 

and low volatility, these substances can easily disperse through soil and water during spraying, reaching 

areas far from the original application site [1]. Because of its high toxicity, PQ has been banned in more 

than 50 countries and in Europe since 2007, while in Brazil it was prohibited only in 2020, with DQ 

currently being used as a substitute. 

In this work, an electrochemical sensor for the simultaneous detection of PQ and DQ was developed by 

modifying indium tin oxide (ITO) electrodes with poly(allylamine hydrochloride) (PAH) and copper 

tetrasulfonated phthalocyanine (CuTsPc) through the Layer-by-Layer (LbL) technique [3]. The film 

growth and nanoarchitecturing were monitored by UV-vis spectroscopy from 1 to 10 layers, showing a 

linear increase in absorbance. The UV-vis spectra also displayed characteristic bands at 480–500 nm 

and 600–700 nm, assigned to π–π* (HOMO-LUMO) transitions, confirming the incorporation of 

CuTsPc into the films. The electrocatalytic effect was investigated for different numbers of layers, and 

the film with 3 layers showed the best performance and was selected for the subsequent analyses. The 

cyclic voltammogram of ITO/(PAH/CuTsPc)3 in 0.1 mol L-1 KCl electrolyte presented a reduction peak 

at –0.77 V (vs. Ag/AgCl), characteristic of CuTsPc. The ITO/(PAH/CuTsPc)3 electrode exhibited 

higher electrocatalytic activity than unmodified ITO for PQ and DQ detection, while also showing 

selectivity for both analytes. The oxidation potentials of PQ and DQ were observed at -0.34 V and -

0.42 V, respectively, while the reduction potentials appeared at -0.64 V and -0.57 V, respectively. 

Differential pulse voltammetry revealed a detection limit of 10-9 mol L-1 for DQ, lower than the US 

EPA reference limit for drinking water (5.52 × 10-8 mol L-1), and 10-9 mol L-1 for PQ, demonstrating the 

potential of these sensors for practical applications. 
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Interpenetrating polymer networks are widely used to stabilize bulk (3D) phase-separated systems [1], 

yet their extension to two-dimensional (2D) geometries remains largely unexplored. Langmuir films 

provide a powerful platform to engineer molecularly thin polymer layers at the air–water interface. 

Here, we study the in situ formation of 2D polymer networks within a monolayer of amphiphilic poly(4-

vinylpyridine)-b-poly(dimethylsiloxane)-b-poly(4-vinylpyridine) (P4VP–PDMS–P4VP). Cross-

linking is achieved via quaternization of the P4VP blocks using the difunctional cross-linker 1,4-

dibromobutane (DiBB). The behaviour is compared with that of a monodisperse P4VP homopolymer. 

While quaternized P4VP is well documented in bulk [2,3] and only rarely in Langmuir films [4], 

interfacial quaternization directly at the air–water interface has not been reported. This strategy enables 

surface-pressure-controlled network formation with tuneable interfacial properties. The monolayer 

structure (pH 7.5, non-protonated pyridine groups) is analyzed before and after cross-linking, focusing 

on the surface pressure at which the reaction is triggered (4 vs 20 mN/m). Surface pressure–area 

isotherms, Fig. 1a), exhibit a plateau at ~9 mN/m (first-order transition) followed by a kink at ~10 

mN/m (continuous 2D rearrangement). At π = 4 mN/m and molar ratio X = 1 (DiBB per P4VP unit), 

the mean molecular area decreases progressively (ΔA ≈ 1.6 Å² per repeat unit, Fig. 1b)) and stabilizes 

after ~100 min, whereas no change is observed without cross-linker. In contrast, initiating the reaction 

at π = 20 mN/m yields no measurable contraction, demonstrating that cross-linking efficiency is 

governed by the initial interfacial conformation and packing state. These findings underline the 

interplay between 2D thermodynamics, chain organization, and reaction kinetics in confined polymer 

network formation. 

 

 
 

Figure 1: (a) Surface pressure–area isotherm for a P4VP-PDMS-P4VP monolayer. (b) Mean area per repeat 

unit as a function of time at π = 4 mN/m with (blue) or without (orange) DiBB for 1 DiBB per P4VP unit. 
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The poster describes results achieved during the work on an EU Horizon 2020 project, by the 

consortium consisting of seven above mentioned partners, with UI SAV Bratislava, the coordinator. 

The project combined the expertise and resources of 5 academic groups and 2 SMEs, one engaged in 

producing commercial medical materials as well as having own research capacities. The consortium 

developed a wound dressing that can be rated as a radical innovation in the area of chronic wound care. 

The efforts concentrated on the design of a new product which combines diagnostic and therapeutic 

actions and facilitates wound healing while at the same time minimizing treatment costs and optimizing 

wound management, thus positively influencing patient’s wellbeing. 

1. Low adherent chitosan-based layer for prevention of 

bacterial invasion 

2. Highly absorbent non-woven fabrics containing slow-

release drug reservoirs; serves as a drainage of wound 

exudates and controls water evaporation  

3. Photonic crystals-based sensors (moisture/humidity, 

bacteria, pH and temperature) 

4. Smooth, flexible cover layer, which is highly breathable, 

conformable with 1., protects wound bed against water and 

bacteria and supports 3. 

5. Adhesive perimeter strip 

 
 

 

 

Figure 1. Wound dressing concept 

 

Mesoporous chitosan fibers were prepared having the ability to absorb large amounts of liquid suitable 

for highly exudated wounds. We developed sensors for (1) diagnosing microbial contamination in 

wounds by introducing red-cabbage anthocyanin extracts into a bacterial cellulose matrix and (2) a 

pH/moisture sensitive Chitosan-TEOS-GA Interpenetrating Polymer Network that causes a visual 

colour change during an interaction with PS colloidal photonic crystal films.  

 

 

 References 
[1] L. Marin, B.-I. Andreica, A. Anisiei, S. Cibotaru, M. Bardosova, E.M. Materon, O.N. Oliveira Jr., International Journal 

     of Biological Macromolecules 2023, 242, 125136. 

[2] L. Podlucky, H. Fudouzi, M. Bardosova Progress in Biomedical Optics and Imaging - Proceedings of SPIE 2025, 1333607. 

[3] H. Melnik, O. Havryliuk, I. Zaets, T. Sergeyeva, G. Zubova, V. Korovina, M. Scherbyna, L. Savinska, L. Khirunenko, E.  

     Amler, M. Bardosova, O. Gorbach, S. Rogalsky, N. Kozyrovska, Polymers 2025, 17(15),  

mailto:maria.bardosova@savba.sk


 

 

 P35 

Development of Langmuir–Blodgett laccase/P3HT:octadecylamine nano-

organized films for electrochemical detection of phenolic compounds 

 

André C. Machadoa,b; Salvo-Comino, Cb; Maria L. R. Mendezb; Luciano Caselia 

 
aHybrid Materials Laboratory, Department of Chemistry, Institute of Environmental, Chemical and Pharmaceutical Sciences, 

Federal University of São Paulo, Diadema, SP, Brazil. 
bGroup UVASENS, Department of Inorganic Chemistry, Escuela de Ingenierías Industriales, University of Valladolid, 

Valladolid, Spain. 

 

acmachado@unifesp.br 

 

Phenolic compounds markedly influence the sensory profile and quality of foods and beverages (e.g., 

wines); however, their quantification in complex matrices typically relies on time-consuming and costly 

analytical workflows1,2. Here, we report nano-organized Langmuir–Blodgett (LB) architectures for 

electrochemical sensing of phenolic compounds, employing laccase as the biorecognition/catalytic 

element and octadecylamine (ODA) and poly(3-hexylthiophene-2,5-diyl) (P3HT) as structuring and 

conductive components. Interfacial studies were first conducted to tailor monolayer composition and 

deposition conditions, enabling efficient incorporation of laccase into ODA-based films. Film stability 

and organization were assessed through surface pressure–area isotherms, surface compressional 

modulus, hysteresis analysis, kinetic stability, and complementary spectroscopic and morphological 

techniques. To improve film robustness and suppress P3HT aggregation, mixed P3HT:ODA (1:1) LB 

films were employed as the immobilization matrix, resulting in quasi-ordered coatings with low surface 

roughness on ITO substrates. The resulting LB-modified ITO electrodes were evaluated by cyclic 

voltammetry and square-wave voltammetry toward representative phenolic analytes—vanillin 

(monophenol), catechol (diphenol), and pyrogallol (triphenol), revealing analyte-dependent 

electrochemical responses. Detection limits of detection of 1.55 × 10-4 M (vanillin), 2.13 × 10-7 M 

(catechol), and 2.07 × 10-6 M (pyrogallol) were achieved under optimized conditions, supporting the 

suitability of LB nano-architectures as reproducible platforms for enzyme-based phenolic sensing. 

Overall, this approach provides a controllable route to organize biocatalytic interfaces and paves the 

way for applications in food quality assessment, authenticity monitoring, and process control. 
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One of the most common types of pulmonary infection diseases is bacterial pneumonia which can cause 

mild to life-threatening illness in people of all ages. Presently, antibiotics are used as first-line drugs to 

treat pneumonia. Due to the limitations of systemic administration methods, inhalation, as a targeted 

administration route, can deliver the drug directly to infected cells. [1] 

 

Inhaled nebulized nanomedicines (NMs) are gaining attention among researchers due to being 

transported into the deep lung deposition at the alveoli region. However, the pulmonary fate of inhaled 

NMs is affected by the bio-nano interactions with pulmonary surfactant (PS) at the air/alveoli fluid 

interface, which alters the fate of inhaled therapeutic NMs and the lung's physiological function. Since 

the role of PS is reducing the surface tension at the air/alveoli interface to ease the breathing process, 

whatever affects the standard functionality of PS could cause respiratory problems. Therefore, the 

interaction of NMs with PS can cause changing surface tension, PS phase structure, and reservoir 

formation. The consequences of each alteration have a diverse impact on the breathing system. [2] 

 

Recently, the antibacterial cysteine-derived carbon dots (Cys-CDs) have been successfully developed 

[3]. Antibacterial properties of these Cys-CDs against different strains of bacteria show promising 

results toward generating new ideas in the field of antibiotics. 

 

In this research project, the effects of different concentrations of antibacterial Cys-CDs on the phase 

behavior and lateral structure of lung surfactant-mimicking model mixture were investigated at the 

air/water interface using the Langmuir and Brewster angle microscopy, respectively. Additionally, 

atomic force microscopy was used to image the morphology of films transferred onto a mica substrate 

with nanometer resolution. The results of these studies are a preliminary step in evaluating the impact 

of inhaled antibacterial carbon dots on the biophysical properties of pulmonary surfactants. However, 

further studies are aimed at looking over the more complex lung lining memetics. 
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Worldwide, the seafood industry generates millions of tons of bivalve shell waste every year, including 

mussels. Improper disposal of these residues can lead to environmental concerns and accumulation in 

coastal and landfill areas. Nevertheless, due to their biogenic origin and calcium carbonate-rich 

composition, shell wastes are increasingly recognized as valuable secondary raw materials within 

circular economy strategies [1]. In this work, inspired by an existing protocol [2], mussel shell waste 

was converted into soft calcite (SC) through a low-energy chemical treatment specifically designed to 

preserve the original needle-like hierarchical microstructure of the biogenic material. 

 

The preparation procedure was optimized through Response Surface Methodology (RSM) by 

evaluating the effects of temperature, treatment time, and acid-to-shell ratio on material yield and 

structural preservation. The obtained SC samples were characterized using X-ray diffraction (XRD), 

Fourier-transform infrared spectroscopy (FTIR), total organic carbon analysis (TOC), optical 

microscopy and scanning electron microscopy (SEM). 

 

The results demonstrated that the optimized treatment successfully retained the highly organized fibrous 

architecture inherited from the original shell structure while promoting partial phase transformation 

from aragonite to calcite. As a result, the obtained SC exhibited a porous multiscale morphology and 

improved surface exposure, features that are particularly advantageous for adsorption-based 

environmental applications.  

 

The comparison between the adsorption behavior toward anionic and cationic organic pollutants 

provided additional insight into the influence of surface chemistry, residual organic matter, and 

preserved bio-derived microstructure on the adsorption mechanisms of the material. 

 

This study highlights the potential of biogenic mineral structures derived from shell waste as sustainable 

adsorbent materials obtained through environmentally friendly processing routes. The obtained results 

support the use of SC as a promising bio-derived material for pollutant removal applications, while also 

contributing to the broader development of sustainable strategies for environmental remediation. 
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Composites and heterojunctions combining ferroelectric BaTiO₃ with semiconducting TiO₂ have 

recently emerged as promising platforms for piezo‑ and piezo‑photocatalysis, owing to the piezoelectric 

fields generated in the BaTiO₃ phase and their effect on charge separation at the BaTiO₃–TiO₂ interface. 

In this work, BaTiO₃/TiO₂ powders are prepared by a hydrothermal synthesis and subsequently 

subjected to controlled ultrasound (US) treatments (0, 20, 40 and 60 min) with the specific goal of 

enhancing the ferroelectric response of the BaTiO₃ phase, and thus the piezoelectric fields at the 

BaTiO₃–TiO₂ junction, while preserving composition, band gap and morphology. Compared to 

conventional electrical poling approaches, the US treatment provides a simple, electrode‑free way to 

strengthen domain polarization directly in powders. UV–Vis diffuse reflectance spectroscopy (DRS), 

X‑ray diffraction (XRD), Raman spectroscopy and scanning electron microscopy (SEM) show nearly 

identical optical band gaps, crystal structure, defect‑related features and particle morphology for all 

BaTiO₃/TiO₂ samples, indicating that ultrasound does not significantly modify the electronic band 

structure or grain size. Instead, US treatment primarily affects ferroelectric domain polarization and 

interfacial organization.  

Piezoresponse force microscopy (PFM) reveals a progressive strengthening of the local 

electromechanical response with increasing US time: the pristine composite displays a weak amplitude–

voltage (“butterfly loop”) response, accompanied by an ill‑defined phase hysteresis, whereas 40 min of 

US induce well‑developed butterfly curves and sharp phase–voltage loops with an effective ≈180° 

phase reversal. Furthermore, XRD patterns of the US‑treated samples display a clear peak splitting at 

2θ ≈ 45.3°, consistent with enhanced tetragonality and piezoelectricity of the BaTiO₃ phase. 

To verify how these enhancements in domain polarization and piezoelectric response translate into 

macroscopic functionality, the composites are tested in piezocatalytic, photocatalytic and combined 

piezo‑photocatalytic degradation of methylene blue, as well as in piezo‑photo‑driven ROS generation. 

Ultrasound‑treated samples show systematically improved performances in all the tested reactions, with 

an optimized treatment condition that maximizes their performance and confirms the key role of the 

enhanced piezoelectric properties in promoting efficient separation of photogenerated charges in the 

nanocomposites. These findings demonstrate that ultrasound is an effective and easily implementable 

post‑synthetic route to optimize ferroelectric domain polarization of BaTiO₃ within BaTiO₃/TiO₂ 

composites and to boost piezo‑assisted charge separation, without band‑gap narrowing or 

morphological changes. 
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