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The key role of calorimetry in exploring structure and dynamics  
of polymer systems 

 

Maria Cristina Righetti 

 
mariacristina.righetti@cnr.it 

Istituto per i Processi Chimico Fisici, Pisa, Italy 

 

The presentation will provide an overview of some of the studies that I have published during my 
career at CNR concerning specific properties of polymeric materials, especially macromolecular 
organization and dynamics, which have been investigated primarily through differential scanning 
calorimetry. Specific heat measurement is an experimental fundamental technique capable of 
characterizing a material’s thermodynamics, its internal energy and structure. 

I will illustrate how accurate specific heat measurements can generate precise information on 
innovative aspects of polymeric materials. I will focus on the properties of nanoscale interphases, 
which can be located at the amorphous/crystal boundary in semi-crystalline polymers, or around 
fillers and nanofillers in polymeric composites or nanocomposites.  

A detailed description of the nanophase structure of polymeric materials is fundamental to fully 
understanding and predicting many physical properties of these materials, which are widely used in 
everyday life for many different applications.  
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Engineering Cellulose Based Materials for Advanced Water Treatment 

 

1*Lasala P., 1Tancredi M., 2,3Cerbone A., 2Castaldo R., 2Gentile G., 1,4,5Curri M.L., 1,4,5Fanizza E. 

1 CNR-Institute for chemical and physical processes (IPCF), Bari, Italy 

2 CNR- Institute of Polymers, Composites and Biomaterials (IPCB), Pozzuoli (NA), Italy,  

3 University of Naples, Department of Chemical Science, Naples, Italy,  

4 University of Bari A. Moro, Department of Chemistry, Bari, Italy,  

5 National Interuniversity Consortium of Materials Science and Technology, INSTM, Florence, Italy 

 

The development of efficient and sustainable strategies for water remediation is a pressing global 
need. Adsorption has grabbed the attention as a versatile, cost-effective option for relatively 
effortless large-scale water treatment. Recently cellulose based adsorbents (CA) represent an eco-
friendly alternative addressing environmental concerns.[1] However, their high performances in the 
removal of cationic dyes are limited in the case of anionic dyes. To fill this gap, here, CA modified 
with metal oxides nanophotocatalysts are developed towards water treatment processes that 
synergistically combined adsorption and photocatalysis for efficient pollutants removal. Colloidal 
metal oxide nanoparticles, including TiO₂ and CeO₂, tested as efficient photocatalysts, were 
synthesized through water-based low-temperature procedures and incorporated into cellulose-
based matrices obtained from carboxymethyl cellulose or cellulose fibrils crosslinked with citric acid. 
The developed materials were comprehensively characterized and their performance in water 
treatment was assessed through adsorption and light assisted degradation experiments using 
representative organic dyes as model contaminants. Adsorption isotherms, kinetic studies and 
photocatalytic experiments were performed to evaluate dye removal performances. Bare CA 
showed fast adsorption of cationic dyes, thanks to robust electrostatic interactions among dye and 
cellulose surface, which follows Langmuir model and kinetic described by the pseudo-second order 
model. Poor removal of anionic dyes has been confirmed. Nanocomposites, based on CA containing 
photocatalytic nanoparticles, are demonstrated to preserve fast adsorption of cationic dyes, 
characteristic of the CA, concomitantly providing photocatalytic decoloration of anion dyes in 
solution upon light irradiation. The convergence of adsorption and photocatalysis in a novel hybrid 
composites has offered a sustainable and energy efficient strategy for the removal of pollutants from 
water systems. 

This work has been funded by European Union through Next Generation EU, Mission 4 Component 
1, for the financial support to MUR within PRIN call 2022 PNRR, project title: Photocatalytically-
regenerable hierarchically porous adsorbents for efficient water treatment PHOTOPAD, 
P2022FP2W4, 2023-2025CUP B53D23027540001 

Reference 

[1] A. Maglione, et al., ACS Applied Materials & Interfaces, 17 (2025) 38619-38634. 

  



 
 

IPCF Meeting, September 8 - 9, 2026, Bari 

[7] 

Optical and acoustic tweezers for space applications 

 

1,*Maria G. Donato, 1S. Bernatova, 1A. Foti, 1P. G. Gucciardi, 1M. A. Iatì, 1A. Magazzù,  

A. 1,2Mandanici, 1O. M. Maragò 

1 CNR-IPCF, Istituto per i Processi Chimico-Fisici, Messina, maria.donato@cnr.it 
2 Dip. di Scienze Matematiche e Informatiche, Scienze Fisiche e Scienze della Terra, Università di Messina, 
Messina, Italy 
 

The ground-based analysis of extraterrestrial material and cosmic dust, whether retrieved from 
sample-return missions or collected on Earth, presents severe methodological challenges related to 
substrate-induced contamination and manipulation artifacts. To preserve the pristine chemical and 
physical integrity of these microscopic samples, contactless manipulation techniques emerge as an 
ideal solution for low contamination, in situ analysis. 

This work reviews recent scientific advancements in the application of optical and acoustic force 
fields for the confinement and study of particles of astrophysical interest, with a specific focus on 
the pioneering contributions from the CNR-IPCF institute [1-4]. While optical tweezers enable 
nanometric and sub-micrometric manipulation of particles by exploiting laser radiation pressure, 
acoustic levitation allows for the confinement of sub-millimeter samples, such as micrometeorite 
fragments (e.g., cometary analogs or samples from well-known meteorites like Saratov), in 
stationary air. Moreover, preliminary results will be shown on levitated liquid drops containing the 
Rodobacter sphaeroides bacteria, paving the way to the investigation of other types of bacteria, such 
as extremophiles, in micro-gravity conditions.    

The integration of these trapping systems with Raman spectroscopy enables the non-contact 
mapping of the mineralogical, morphological, and structural composition of samples. The results 
demonstrate that the synergy between acoustic and optical forces not only allows for the study of 
grain dynamics under simulated microgravity conditions but also paves the way for advanced 
protocols in future space missions and the non-destructive cataloguing of extraterrestrial materials. 

References 

[1] A. Magazzù, D. Bronte Ciriza, A. Musolino, A. Saidi, P. Polimeno, M. G. Donato, A. Foti, P. G. Gucciardi, M. 
A. Iatì, R. Saija, N. Perchiazzi, A. Rotundi, L. Folco, O. M. Maragò, “Investigation of dust grains by optical 
tweezers for space applications”, The Astrophysical Journal 942 (2023) 11 

[2] S. Marrara, David Bronte Ciriza, Alessandro Magazz`u, Roberto Caruso, Giuseppe Lupò, Rosalba Saija, 
Antonino Foti, Pietro Giuseppe Gucciardi, Andrea Mandanici, Onofrio Maria Maragò, Maria Grazia Donato, 
“Optical Calibration of Holographic Acoustic Tweezers”, IEEE Transactions on Instrumentation and 
Measurement, 72 (2023) 9600808 

[3] S. Ferretti, S. Marrara, D. Bronte Ciriza, A. Magazzù, A. Foti, P. G. Gucciardi, A. Musolino, L. Folco, V. Della 
Corte, A. Rotundi, R. Saija, A. Mandanici, O. M. Maragò, and M. G. Donato, “Contactless Manipulation and 
Raman Analysis of Cometary Analogs and Micrometeorites by Acoustic Levitation”, The Astrophysical Journal 
974 (2024) 287 

[4] M. Infusino, T. Fornaro, C. Garcia Florentino, A. Alberini, P. Manini, L. Tonietti, A. Foti, P.G. Gucciardi, M. A. 
Iatì, A. Magazzù, S. Bernatova, A. Rotundi, L. Folco, A. Mandanici, O. M. Maragò, J. R. Brucato, M. G. Donato, 
“Detection of organic molecules in Mars analogues by Raman optical and acoustic tweezers”, to be submitted. 
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Plasmon-Modulated Exciton Dynamics in Quantum Dot Supercrystals 

 

Dibenedetto C.N.,1 Manet I.,2 Panniello A.1 Fanizza E.,3,1 

Curri M.L.,3,1  Striccoli M.,1* 

 

1 CNR-IPCF Institute for Chemical-Physical Processes, Via E. Orabona 4, 70126 Bari, Italy. 

2 CNR-ISOF Institute for Organic Synthesis and Photoreactivity, Via P. Gobetti 101, 40129 Bologna, Italy. 

3 Chemistry Department, University of Bari Aldo Moro, Via Orabona 4, 70125 Bari, Italy. 

*marinella.striccoli@cnr.it 

 

The assembly of colloidal nanocrystals into ordered supercrystals (SCs) represents a powerful 
bottom-up strategy for engineering collective optical and electronic properties of the nanoparticles 
[1,2]. Here, we report on the fabrication of dual-component SCs, obtained via the slow 
destabilization method combining CdSe quantum dots (QDs) and Au nanoparticles (NPs) and we 
investigate how the progressive integration of plasmonic moiety modifies the photophysical 
properties of the resulting assemblies.  

Well-faceted SCs with hexagonal and truncated triangular 3D geometries are obtained across all 
compositions, with the Au weight fraction varied up to 10 wt%. Energy-dispersive X-ray spectroscopy 
reveals that Au NPs predominantly decorate the surface of the QD SCs rather than co-assembling 
within its interior. A spatially resolved emission heterogeneity, with a blue-shifted periphery and red-
shifted core attributable to size-dependent self-sorting of QDs during assembly, is demonstrated in 
single SCs by confocal microscopy, and the effect becomes increasingly pronounced in the presence 
of Au NPs. A systematic lengthening of the excited-state lifetime with increasing Au content is 
rationalized with a Purcell effect arising from off-resonance coupling between QD exciton and gold 
plasmon. [3] 

These findings demonstrate that plasmonic NPs can tune the radiative recombination dynamic of 
the QDs in the SCs, offering a new design handle for tailoring light–matter interactions in hybrid self-
assembled architectures. 

 

Reference 

[1] Shevchenko, E. V.;  et al. “Visualizing Heterogeneity of Monodisperse CdSe Nanocrystals by Their 
Assembly into Three-Dimensional Supercrystals”. ACS Nano 2020, 14 (11), 14989-14998. 

[2] Dibenedetto, C. Net al., “Beyond Nano Building Blocks: The Influence of Mn(II) Doping on 3D Self-
Assembled Perovskite Supercrystals”. Small Structures 2025, 6 (12), e202500373. 

[3] Dibenedetto C. N. et al, submitted.  
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From Marine Weathering to Sustainable Materials: A Research Journey 

 

1*Cristina De Monte,1Lucia Ricci, 1Umberto Granata, 1,2Leonardo Arrighetti, 1Giovanna Molinari, 
1Stefano Pezzini, 1Simona Bronco  

 

*cristina.demonte@cnr.it, Institute for Chemical and Physical Processes, National Research Council (CNR- 
IPCF) Via G. Moruzzi 1, 56124 Pisa, Italy 

1Institute for Chemical and Physical Processes, National Research Council (CNR- IPCF) Via G. Moruzzi 1, 
56124 Pisa, Italy 

2Department of Chemistry and Industrial Chemistry, University of Pisa, Via G. Moruzzi 13, 56124 Pisa, Italy 

 

This research is built around an integrated framework encompassing three complementary 
dimensions: elucidating the environmental fate of polymeric materials, designing sustainable 
materials for marine applications, and driving environmental innovation and decision-making. 

The first dimension investigates the environmental fate of conventional and biodegradable 
polymers through long-term in situ exposure studies coupled with advanced physicochemical 
characterization. These field studies provide new insights into weathering and degradation 
processes, material transformation, and persistence under natural marine conditions, enabling a 
more realistic assessment of polymer behaviour than laboratory tests alone [1–3]. 

The second dimension translates these mechanistic insights into the eco-design of sustainable 
polymeric materials. Within the ECOSEA project, knowledge gained from environmental fate 
studies guides the development of biodegradable polymeric components for aquaculture by 
integrating material formulation, functional performance, durability, and end-of-life behaviour into 
the design process [4]. 

The third dimension leverages this knowledge to advance environmental monitoring, risk 
assessment, circular economy strategies, and innovation for marine industries. The EPIC project 
exemplifies this approach by fostering cross-border collaboration to enhance plastic recovery, 
recycling, and valorisation while promoting sustainable and market-oriented solutions for the Blue 
Economy [5]. 

Overall, this framework demonstrates how knowledge generated through environmental fate 
studies can connect fundamental research, sustainable materials innovation, and evidence-based 
management of marine ecosystems. 

Reference 

[1] S. Lievens, L. Ricci, G. Dumont, S. Pezzini, S. Bronco, C. De Monte, J. Jordens, A. Reis De Carvalho, M. 

Locritani, M. Velimirovic, S. Merlino, Marine Pollution Bulletin 2025, 221,118530. 

[2] R. Giugliano, C. Casani, M. Locritani, V. Palleschi, F. Poggialini, B. Cocciaro, L. Ricci, S. Bronco, C. De 
Monte, L. Arrighetti, B. Vivaldi, S. Di Vito, S. Merlino, Environmental Research 2025, 278,121644. 
[3] C. De Monte, M. Locritani, S. Merlino, L. Ricci, A. Pistolesi, S. Bronco, Polymers 2022, 14, 1111. 
[4] https://www.ipcf.cnr.it/ecosea-integrative-solutions-for-aquaculture-and-ecosystem-health/ 
[5] https://interreg-marittimo.eu/web/epic 
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Nano-imaging of 2D MoS₂ on gold nanostripes by tip-enhanced 
photoluminescence 

1*Foti A., 2Zambito G., 2Giordano M. C. , 1Abid K., 3Guell A. G., 3Ossikovski R., 4D’Andrea C., 2Buatier 
de Mongeot F., 1Gucciardi P. G.   

*Lead presenter 
1antonino.foti@cnr.it, CNR – IPCF Messina, Italy  
2 Università di Genova, Italy 
3 LPICM, CNRS, Ecole Polytechnique, Institut Polytechnique de Paris, France 
4 CNR – IFAC, Italy 

Two-dimensional transition metal dichalcogenides (2D-TMDs) are ultrathin semiconductors with 
bandgaps in the range of 1.9–2.4 eV, making them attractive for next-generation photoconversion 
applications such as photovoltaics and photocatalysis. Their integration into devices demands fine 
tuning of electronic properties, which can be monitored through nanospectroscopic methods like 
tip-enhanced Raman and photoluminescence spectroscopy (TERS/TEPL). These techniques rely on 
localized surface plasmon–induced near-field enhancement, enabling optical analysis beyond the 
diffraction limit [1] and allowing the identification of structural and electronic heterogeneities, as 
well as the study of interfacial phenomena in 2D-TMD heterostructures [2]. In this work, we 
investigated the photoluminescence of a hybrid 2D–plasmonic platform composed of a monolayer 
MoS₂ flake deposited on gold nanostripes. The nanostripes were fabricated via glancing-angle 
evaporation onto a polymeric nanograting created using grayscale thermal scanning probe 
lithography [3,4]. TEPL nanoimaging, carried out with a silver-coated AFM-TERS tip and excitation 
at 638 nm, shows a strong enhancement and spatial variation of the MoS₂ emission driven by the 
plasmonic nanostructures. These results demonstrate that TEPL is a powerful approach for probing 
light emission in 2D-TMD systems and for guiding the design of tunable photoconversion devices. 

We acknowledge funding by the European Union (NextGeneration EU) and MUR through the projects PRIN2022-
FLASH2D (Prot. 2022FWB2HE), PNRR-SAMOTHRACE (ECS00000022), PRIN 2022-SEMPER (Prot. 20227ZXT4Z), PRIN 
PNRR 2D-PLANET (Prot. P2022JWKAC), PRIN 2022 DESIGN (Prot. 2022EE8KH9). Funding under the National 
Recovery and Resilience Plan (NRRP), Project code PE0000021, Project title “Network 4 Energy Sustainable 
Transition – NEST”. We acknowledge support by the Project ”Space It Up” funded by ASI and MUR– Contract n. 
2024-5-E.0. 

References 

[1] A. Foti et al. Comparing Commercial Metal-Coated AFM Tips and Home-Made Bulk Gold Tips for Tip-
Enhanced Raman Spectroscopy of Polymer Functionalized Multiwalled Carbon Nanotubes, Nanomaterials, 
12(3), 451 (2022). https://doi.org/10.3390/nano12030451. 
[2] S. Garg, et al. Nanoscale Raman Characterization of a 2DSemiconductor Lateral Heterostructure Interface 
ACS Nano, 16, 1, 340–350 (2022). https://doi.org/10.1021/acsnano.1c06595 
[3] M.C.Giordano et al. Deterministic Thermal Sculpting of Large-Scale 2D Semiconductor Nanocircuits, Adv. 
Mater. Interfaces, 10, 2201408 (2023). https://doi.org/10.1002/admi.202201408. 

[4] G. Zambito et al. Strained 2D Semiconductor Lateral Heterojunctions via Grayscale Thermal-Scanning 

Probe Lithography, Small Science (2025) https://doi.org/10.1002/smsc.202500404 

  

https://doi.org/10.1002/smsc.202500404


 
 

IPCF Meeting, September 8 - 9, 2026, Bari 

[11] 

Nanoassemblies of a pillararene/CTAB supramolecular complex for encapsulation 
and stabilization of quercetin 

 

1Milone, M., 1Mazzaferro, M., 2Patanè, S., 1Notti, A., 1Pisagatti, I., 1Gattuso, G., 3Micali, N. &  
3*Villari, V. 

1 Dipartimento di Scienze Chimiche, Biologiche, Farmaceutiche ed Ambientali, Università degli Studi di 
Messina, Viale F. Stagno d'Alcontres 31, 98166 Messina, Italy 

2 Dipartimento di Scienze Matematiche e Informatiche, Scienze Fisiche e Scienze della Terra, Università degli 
Studi di Messina, Viale F. Stagno d'Alcontres 31, 98166 Messina, Italy 

3 CNR-IPCF Consiglio Nazionale delle Ricerche, Istituto per i Processi Chimico-Fisici, Viale F. Stagno d'Alcontres 
37, 98158 Messina, Italy. E-mail: valentina.villari@cnr.it 

 

Nanoparticle engineering has emerged as an efficient strategy for drug delivery, protecting sensitive 
therapeutics from premature degradation and enhancing the solubility of challenging-to-deliver 
drugs. Quercetin, for example, is a flavonol well-known for its antioxidant, anti-inflammatory, 
cardioprotective, neuroprotective, and anticancer properties. However, its pharmaceutical 
applications are severely limited by extremely low water solubility, poor chemical stability, rapid 
degradation in physiological media, and low oral bioavailability.  

By exploiting the synergistic interaction between a carboxylated bis-Pillar[5]arene and the cationic 
surfactant CTAB, a structural organization that surpasses simple CTAB micelles was obtained. The 
pillararene/CTAB supramolecular complex forms nanoparticles which offer a robust shield against 
oxidative degradation of quercetin, maintain low cytotoxicity and promote cellular 
internalization.[1] Stimulated by the success in the intracellular delivery and release of quercetin, 
we demonstrated a correlation between such an effectiveness and local environment of quercetin, 
as well as carrier architecture, in order to understand how to optimize the pillararene 
macromolecular design and what are the optimal guests to use with these carriers. The results of 
the spectroscopic approach adopted (UV-vis, steady-state and time-resolved fluorescence and 
Dynamic Light Scattering)[2] indicate that the nanoparticles control the location and speciation of 
the encapsulated molecule. Quercetin, in both its neutral and mono-anionic form, is mostly located 
within the nanoparticle, trapped between the pillararenes and stabilized at neutral pH from 
oxidation and degradation, through hydrogen bonding and hydrophobic interactions. This can be 
crucial, as the anionic species exhibits superior antioxidant activity and metal-chelating properties 
compared to the neutral form.  

These results offer useful guidelines for the rational design of pillararene-derived supramolecular 
nanoassemblies and provides a foundation for the development of "smart" delivery systems for 
poorly soluble bioactive compounds. 

Reference 

[1] M. Milone, M. Mazzaferro, A. Calderaro, G.T. Patanè, D. Barreca, S. Patanè, N. Micali, V. Villari, A. Notti, 
M.F. Parisi, I. Pisagatti, G. Gattuso, Int. J. Mol. Sci. 2026, 27, 516. DOI: 10.3390/ijms27010516  

[2] M. Milone, M. Mazzaferro, S. Patanè, A. Notti, I. Pisagatti, G. Gattuso, N. Micali, V. Villari, RSC Adv., 2026, 
16, 28435. DOI: 10.1039/d6ra02504h  
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Advanced Mesoporous Silica/Hydroxyapatite Nanoplatforms for Targeted Therapy 
of Bone Cancer and Metastasis 

 

1Chiara Perrone, 1,2Federica Rizzi, 3Alessandra Barbanente, 3Anna Maria Di Cosola, 3Pierluigi Lasala, 
4Mauro Niso, 1,2Roberto Comparelli, 1,2,3Maria Lucia Curri, 1,2,3Elisabetta Fanizza, 5Rachele Castaldo, 

6Alessio Terenzi, 3Nicola Margiotta, 1,2Nicoletta Depalo 

1chiaraperrone@cnr.it, Institute for Chemical and Physical Processes (IPCF)-CNR SS, Bari, 70126, Italy 
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Bari, 70126, Italy 
3Department of Chemistry, University of Bari, Bari, 70126, Italy 
4Department of Pharmacy-Pharmaceutical Sciences, University of Bari Aldo Moro, via Orabona 4, Bari, 70126, 
Italy 
5Institute of Polymers, Composites and Biomaterials (IPCB)-CNR, Pozzuoli, 80078, Italy 
6University of Palermo, Palermo, 90133, Italy 
 

Patients affected by bone tumours and bone metastases frequently develop severe clinical complications, 

including pathological fractures, spinal cord compression, severe hypercalcemia, and, in advanced cases, 

paralysis. Platinum (Pt)-based compounds are widely employed in the treatment of these malignancies, but 

their systemic toxicity has encouraged the development of safer Pt-based complexes, such as Pt (II)-salphen 

derivatives [1]. 

To mitigate the adverse effects of conventional chemotherapy and enhance therapeutic efficacy, mesoporous 

silica nanoparticles (MSNs) have emerged as a promising strategy for site-specific drug delivery [2]. 

In this work, two types of MSNs were synthesized: dendritic center-radial MSNs (MSN CR) and hollow MSNs 

with extra-large pores (H-MSN XL). These nanostructures were subsequently functionalized with carboxylic 

groups to promote the interaction with pamidronate (PAM), a bisphosphonate with high affinity for 

hydroxyapatite (HA), the main mineral component of bone, and then loaded with a Pt (II)-Salphen complex 

exhibiting antitumor activity. Among the investigated nanostructures, MSN CR demonstrated superior drug 

delivery performance and were therefore selected for the development of MSN/HA-based nanocomposites 

as potential bone substitute materials. 

To promote effective integration with HA, two strategies were explored: i) electrostatic interaction amino-

functionalized MSNs and negative charged phosphate groups of HA, and ii) covalent conjugation of a 

bisphosphonate to MSNs, exploiting its strong affinity for HA. Finally, loading studies were extended to an 

additional novel synthetic Pt-based complex with antitumor activity. Comprehensive physical-chemical 

characterization revealed nanostructures with average hydrodynamic diameters below 200 nm and high 

loading capacity. In addition, in vitro studies were conducted to evaluate their biological performance. Overall, 

these findings support the potential of the developed nanostructures as advanced platforms for innovative 

bone tissue-directed oncological therapies. 

Reference 

[1] A. Terenzi, et al., “Another step toward DNA selective targeting: Ni(II) and Cu(II) complexes of a Schiff base 

ligand able to bind gene promoter G-quadruplexes”, Dalton Transactions, 45, 18, pp. 7758-7767, 2016  

[2] F. Rizzi, et al., “High Surface Area Mesoporous Silica Nanoparticles with Tunable Size in the Sub-Micrometer 

Regime: Insights on the Size and Porosity Control Mechanisms”, Molecules, 26, 14, p. 4247, 2021 

  

mailto:1chiaraperrone@cnr.it


 
 

IPCF Meeting, September 8 - 9, 2026, Bari 

[13] 

Unveiling the digested metabolome of Fenugreek (Trigonella foenum-graecum L.) 
seeds via NMR Spectroscopy  

 

Aiello, F.,1,* Balzano, F.,2 Peres Fabbri, L., 3 Gabriele, M.,3 Uccello Barretta, G.1,2,4 
 
1 Consiglio Nazionale delle Ricerche, Istituto per i Processi Chimico-Fisici (CNR-IPCF), Pisa, Italy, 
federica.aiello@cnr.it  
2 CISUP, Centro per l’Integrazione della Strumentazione dell’Università di Pisa, Italy  
3 Consiglio Nazionale delle Ricerche, Istituto di Biologia e Biotecnologia Agraria (CNR-IBBA), Pisa, Italy  
4 Dipartimento di Chimica e Chimica Industriale, Università di Pisa, Pisa, Italy  
 

The antioxidant and metabolic health benefits given by Fenugreek (Trigonella foenum-graecum L.) lie in the 
bioactive compounds present in the seeds. The bioaccessibility of such compounds can be strongly 
influenced by two factors, namely the food processing and the gastrointestinal digestion.  

With the aim to understand the impact on the metabolic composition of soaking and roasting steps, as well 
as of gastric and gastrointestinal digestion, raw and soaked-roasted Fenugreek seeds were subjected to in 
vitro digestion, and Nuclear Magnetic Resonance (NMR) spectroscopy was employed to assess the effect of 
food processing and of enzymatic digestion.  

The NMR analysis highlighted the presence of several low-molecular weight metabolites, including amino 
acids, sugars, fatty acids, and bioactive compounds, in the samples subjected to gastrointestinal digestion. 
Moreover, it pointed out that soaking and roasting processing steps do not significantly affect the 
qualitative composition.  

Overall, the NMR approach provided a non-destructive and reliable analytical tool for supporting the 
development of functional foods. 
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Cystic fibrosis (CF) is an autosomal recessive genetic disorder characterized by thick mucosal 
secretions that lead to chronic bacterial infections and persistent pulmonary inflammation [1]. We 
previously demonstrated through in vitro studies that microparticles based on poly(DL-lactide-co-
glycolide) (PLGA) or gellan gum, loaded with a mucolytic agent (N-acetyl cysteine, NAC), are potential 
biocompatible and biodegradable drug targeting platforms having a suitable range to reach the CF 
airways and mucolytic action against CF mucus [2].  

Our aim is to develop new multifunctional drug delivery systems based on nanoparticles (NP) 
addressed to the altered CF microenvironment whose inhalation and transport is facilitated by 
microparticles designed to efficiently reach the mucus barrier. In this work, smart nanocarriers for 
inflammation control were produced and combined with PLGA microparticles. Although high-dose 
Ibuprofen (IBU) is recommended to manage CF inflammation, traditional oral administration suffers 
from low therapeutic efficacy at the target lung site. To address this, we propose a nano-in-micro 
delivery strategy designed to enhance localized drug bioavailability.  

Biodegradable molecularly imprinted NP (IBU-MINP) were synthesized to selectively recognize and 
concentrate systemically administered IBU directly within the lungs. These NP were developed using 
chitosan and citric acid, crosslinked via radical initiation. FT-IR analysis confirmed the successful 
transition from initial electrostatic interactions to covalent crosslinking into the chitosan-citric acid 
complex structure. NP achieved approximately 70% entrapment efficiency and almost complete IBU 
extraction efficiency. Rebinding assays confirmed specific IBU recognition with rapid kinetics and 
high selectivity. Furthermore, the IBU-MINP exhibited biodegradability over 30 days and proven 
cytocompatibility with A549 human lung cells. Finally, IBU-MINP were successfully encapsulated into 
PLGA microparticles with a 90.6% yield.  

More recently, molecularly imprinted NP were produced towards an inflammation inducing 
biomolecule, Interleukin-6 (IL-6), with the aim to remove IL-6 from the cystic fibrosis lung. 

Overall, these findings highlight the potential of this system as an advanced nano-in micro carrier 
for dry powder inhalation therapies in the CF management. 
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Graphene-based nanocomposites decorated with inorganic colloidal nanostructures are versatile 
platforms for flexible, multifunctional and cellulose-based technologies. Here, we present a  
histidine-functionalized reduced graphene oxide platform (His-RGO) decorated with silver (Ag) 
nanostructures and deposited on cellulose substrates for antimicrobial activity, personal thermal 
management and environmental monitoring [1-3]. 

By tuning in situ colloidal synthesis, either Ag nanoparticles (NPs) or Ag nanowires (NWs) were 
obtained onto His-RGO, and the resulting dispersions were respectively deposited on cotton fabrics 
and paper through scalable processes preserving flexibility and structural integrity. 

The morphology of the Ag nanostructures on His-RGO determined the final performance. His-
RGO/Ag NPs coatings on cotton exhibited antibacterial activity higher than 99% against E. coli, 
together with good cytocompatibility, supporting their potential use in medical textiles [1].  

The His-RGO/Ag NPs based network also improved heat transfer within cellulose fibres, increasing 
thermal conductivity up to approximately 0.1 W m-1 K-1 compared with about 0.04 W m-1 K-1 for 
pristine cotton, while maintaining substrate flexibility [2]. 

In parallel, His-RGO/Ag NWs modified papers showed strong SERS activity, enabling propranolol 
detection at concentrations below 10-6 M for portable environmental monitoring [3]. 

Overall, controlled colloidal synthesis enables multifunctional performance within a common 
graphene-cellulose architecture. Tailoring the nanoscale morphology of Ag nanostructures while 
preserving the same sustainable and scalable material design allows application-specific properties 
for systems addressing healthcare and environmental challenges [1-3]. 
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Chitosan is a biodegradable biopolymer with intrinsic piezoelectric properties [1], making it a 
promising material for flexible and wearable biomedical smart devices.[2] However, its relatively low 
piezoelectric coefficient limits its applications. This work systematically investigates how fabrication 
parameters-including solvent type, NaOH treatment, and thermal annealing-influence the 
crystalline structure and piezoelectric performance of solution-cast chitosan films. Structural and 
chemical changes were characterized by FTIR-ATR, TGA, and XRD, while the piezoelectric response 
was measured using CE-FM-PFM. (Figure1). The study demonstrates that piezoelectricity is more 
strongly governed by crystal polymorphism than by overall crystallinity. By optimizing post-
processing conditions, a maximum piezoelectric coefficient of 27.3 ± 3.7 pm/V was achieved, 
significantly exceeding typical values reported in the literature. These results provide new insights 
into the structure–property relationships of chitosan and offer an effective route toward high-
performance, sustainable piezoelectric materials for biomedical and wearable electronics.[3] 

Figure 1. a) Comparison plot of the d33 

piezoelectric coefficients of chitosan films 
prepared using three different acids 
(Acetic-A, violet plot; Formic-F, blue plot; 
Lactic-L, yellow plot). The letter a 
indicates annealed samples, referring to 
the temperature at which each acid-
specific sample exhibited the highest d33 
value (200 °C for acetic acid (A), 140 °C for 
formic (F) and lactic (L) acids). For each 
acid, the following conditions are shown: 
untreated film (A0, F0, L0), annealed film 
(A0a, F0a, L0a), NaOH-treated film for 60 
minutes (A60, F60, L60), and films treated 

with both NaOH and annealing (A60a, F60a, L60a). b) XRD spectra of the same samples shown in b), 
corresponding to the reported d33 values. 
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The development of robust biological systems for space applications requires a comprehensive 
understanding of how key environmental stressors, particularly ultraviolet (UV) and ionizing 
radiation and microgravity, affect cellular structure and function. In this study, the photosynthetic 
bacterium Rhodobacter sphaeroides was employed as a model organism to investigate the stability 
and resilience of microbial light-harvesting systems under simulated space conditions, namely 
microgravity and UV radiation. 

A combined experimental approach was adopted, integrating controlled irradiation assays and 
simulated microgravity experiments, with in vivo absorption spectroscopy used as the primary 
analytical tool. 

Radiation experiments were conducted using a Xenon-enhanced UV lamp (185–2000 nm), enabling 
the reproduction of spectral conditions comparable to those on Low Earth Orbit.  

Simulated microgravity experiments were performed using a clinostat system, which effectively 
averages the gravitational vector through continuous rotation, mimicking a reduced-gravity 
environment.  

The findings demonstrate that while radiation induces measurable, pigment-specific degradation 
(modulated by carotenoid content), microgravity instead exerts negligible short-term effects on 
photosynthetic structure and function.  

These results underscore the intrinsic resilience of R. sphaeroides and support its potential 
application in bio-regenerative life-support systems for long-duration space missions. 

Acknowledgment 

Project APACE - Towards a bio-mimetic sunlight pumped laser based on photosynthetic antenna complexes 

(Project n. 101161312) funded by Horizon-European Innovation Council is acknowledged. 

  



 
 

IPCF Meeting, September 8 - 9, 2026, Bari 

[18] 

From Biomass to Photovoltaics: Sustainable Natural Dyes for Indoor Energy 

Harvesting 

Gabriella Caroè 1,2 *, Donatella Spadaro 1, Ilaria Citro 1, Stefano Trocino 3 and Giuseppe Calogero 1 

1 Institute for Chemical and Physical Processes (IPCF)- National Research Council - Messina, Viale Ferdinando 
Stagno d’Alcontres, n. 37 – 98158 Messina, Italy; 2 Department of Chemical, Biological, Pharmaceutical and 
Environmental Sciences (ChiBioFarAm), University of Messina, Viale Ferdinando Stagno d’Alcontres, 31 98166 

Messina, Italy*; 3 Institute for Advanced Energy Technologies “Nicola Giordano” (ITAE) - National Research 
Council (CNR), Via Salita S. Lucia sopra Contesse, n. 5 – 98126 Messina, Italy 
 

e-mail: gabriellacaroe@cnr.it   -  gabriella.caroe@studenti.unime.it 
 

The growing demand for sustainable energy has driven significant interest in alternative photovoltaic 

technologies, such as dye-sensitized solar cells (DSSCs). Utilizing natural dyes extracted from 

biomass (fruits, leaves, flowers, and algae) offers a low-cost, eco-friendly, and widely solution[1], 

particularly promising for indoor energy harvesting and Internet of Things (IoT) devices[2].  Many 

natural extracts possess the essential characteristics required to function effectively as DSSC 

sensitizers, including strong visible-light absorption, suitable energy level alignment, and efficient 

anchoring to the semiconductor surface. Chlorophyll is one of the best-known and most widely 

investigated light-harvesting pigments; however, numerous other natural extracts contain valuable 

pigments such as betalains, flavonoids, anthocyanins, and carotenoids[2]. Their complementary 

optical and electronic properties make natural dyes attractive candidates for the development of 

sustainable DSSCs. In this study, we present a series of natural sensitizers investigated for DSSC 

applications, focusing on their extraction, characterization, and photovoltaic performance. Different 

optimization strategies, including chemical modification to improve dye adsorption onto TiO₂ and 

co-sensitization to broaden light harvesting, are presented to enhance device efficiency under 

indoor illumination. 
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The progressive depletion of fossil-based raw materials, together with the environmental burden 
associated with their extraction, processing, and disposal, has made the transition toward 
renewable, low-impact feedstocks one of the most urgent challenges in modern chemistry. 
Petroleum-derived solvents, reagents, and polymers, long considered the standard building blocks 
of the chemical and materials industry, are increasingly recognized as unsustainable both in terms 
of resource availability and ecological footprint, driving the need for alternative synthetic strategies 
rooted in the principles of Green Chemistry: waste minimization, use of renewable feedstocks, 
reduction or elimination of hazardous solvents, and design of recyclable, biodegradable materials. 

The valorization of agri-food and industrial by-products—kiwi peels, grape pomace, coffee silver 
skin, bean pods, hemp co-products, and snail mucus—constitutes the central strategy of this 
framework, aimed at transforming low-value waste into functional materials capable of, at least in 
part, substituting petroleum-derived counterparts, thereby closing the loop between waste 
management and materials innovation. Within this perspective, eco-sustainable materials and 
processes have been developed, structured around two main pillars: water purification and green 
nanoparticle synthesis. 

In the field of water purification, these waste-derived materials, together with engineered 
substrates such as chitosan films, chitosan–biochar and chitosan–ZnO sponges, cyclodextrin-based 
polymers, and mesoporous silicas, have been developed as regenerable adsorbents for the 
removal of emerging contaminants from water, including antibiotics (ciprofloxacin, norfloxacin, 
sulfamethoxazole), pharmaceuticals (propranolol, furosemide, carbamazepine), and textile dyes 
(Direct Blue-78). Several studies further couple adsorption with advanced oxidation and 
photodegradation processes to enhance pollutant detoxification and enable material reuse. 

In nanoparticle synthesis, agri-food waste extracts and biological matrices (grape pomace, kiwi 
peels, snail slime, coffee silverskin) have been employed as green reducing and stabilizing agents to 
produce gold nanoparticles, avoiding hazardous reagents typically required by conventional 
synthetic routes. These nanomaterials have been characterized for antioxidant, photothermal, and 
tyrosinase-inhibiting properties, with applications in cosmetics, dermatology, and photodynamic 
therapy. 

This research was made possible thanks to the "FUTURAW" Project FOE 2024 – "Le materie prime del futuro 
da fonti non-critiche, residuali e rinnovabili" (Future Raw Materials from Non-Critical, Residual, and 
Renewable Sources).  
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A molecular-level understanding of electrostatics at oil-water interfaces is essential to rationalize 
droplet stability, interfacial charging, and reactivity. Recent studies suggest that the native negative 
charge of oil droplets may originate from interaction-induced charge transfer at interfacial C-H···O 
contacts rather than from specific ion adsorption. Here, we combine molecular dynamics sampling, 
electronic-structure re-sampling, and real-space electron-density analysis to quantify charge 
redistribution across the decane-water interface. While interfacial dimers show nearly symmetric 
forward and backward charge-transfer channels, extended interfacial configurations reveal a clear 
asymmetry, with electron density preferentially transferred from water to decane and a stronger 
self-polarization response in the hydrocarbon phase. These results indicate that negative charging 
at the oil side is an emergent collective effect of the extended fluctuating interface, providing a 
physically grounded framework for interpreting hydrophobic interfacial electrostatics and reactivity 
[2-4]. 
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Nowadays, bidimensional (2D) materials at the nanoscale are attracting growing interest, thanks to 
their peculiar properties arising from reduced dimensionality and confinement effects. By tuning 
their chemical composition, these properties can be engineered to meet the requirements of a wide 
range of applications, including catalysis, electronics, sensing, and magnetism. Driven by the 
increasing demand for optimized performance, 2D materials are becoming progressively more 
complex. This complexity poses significant challenges to a thorough atomic-scale characterization, 
which is essential for rationalizing structure–property relationships and ultimately guiding the 
optimization of desired functionalities. 
In this context, atomistic multiscale approaches can make a fundamental contribution by elucidating 
both static and dynamic structural features and by establishing robust structure–property 
correlations, especially when combined with advanced synthesis and state-of-the-art chemical, 
microscopic, and spectroscopic characterization techniques. 
In this presentation, we demonstrate how a carefully designed computational protocol that 
combines reactive molecular dynamics (ReaxFF) and quantum-chemistry simulations can reveal key 
properties of such systems. 
Specifically, we illustrate how this approach has proven crucial in two different application areas by 
providing detailed insights into: 
 

1) the catalytic mechanism of a photocatalyst based on a properly functionalized g-C₃N₄ 
substrate decorated with Fe atoms to promote CO₂ as the oxygen source for the oxidative 
cleavage of carbon–carbon double bonds [1]; 

 
2) the local structure, its perturbation under operating conditions, and the interaction 

mechanisms in a 2D metal–organic framework (2D-MOF) employed as a robust and reliable 
chemiresistive sensor for SO₂ detection [2]. 
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The interaction of electromagnetic radiation with cosmic dust particles plays a fundamental role in 
the interpretation of astronomical observations [1]. Accurate light scattering simulations are 
therefore essential for deriving the chemical, physical and morphological properties of cosmic dust 
from observational data. 

Modeling cosmic dust, however, remains a challenging task because of the large number of free 
parameters involved. Particle size, shape, chemical composition, internal structure, porosity, and 
aggregation state all have a significant impact on the optical response. In particular, the formation 
of aggregates introduces an additional level of complexity that strongly affects the scattering and 
polarization properties of dust. While this flexibility allows the construction of models capable of 
reproducing observations, it also increases the risk of non-unique or physically unrealistic solutions. 

In this contribution, we present the application of the Transition Matrix (T-matrix) approach to the 
study of cosmic dust [2,3,4]. This approach provides a rigorous and efficient solution of the light 
scattering problem by particles with complex geometries and compositions, enabling the 
computation of their scattering, absorption, and polarization properties over a broad range of size 
parameters and refractive indices. The combination of realistic dust models with rigorous 
electromagnetic scattering calculations is essential for reducing model degeneracies and extracting 
reliable information on the nature and evolution of cosmic dust. 

Particular emphasis is placed on the study of the icy mantles coating interstellar dust grains where 
a rich chemistry occurs driving the formation of a variety of molecular species, including complex 
organic molecules [5]. These studies offer an insight into potential pathways leading to the 
formation of prebiotic molecules and highlighting the role of interstellar ices as chemical reactors 
that may have contributed to the molecular inventory from which life ultimately emerged. 
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Plastic materials are extensively used in agriculture for mulching, irrigation, crop protection and 
packaging. Their weathering and fragmentation contribute to the accumulation of micro- and 
nanoplastics (MNPs) in agricultural soils, where they may alter soil properties, microbial communities 
and plant performance. Bioplastics are increasingly promoted as sustainable alternatives to 
conventional petroleum-based polymers. However, their biodegradation under natural conditions may 
be incomplete, resulting in the formation and persistence of bio-microplastics in soil [1]. Therefore, 
biodegradability alone cannot be considered sufficient evidence of environmental safety. Available 
studies show that the effects of plastic particles on plants depend on polymer composition, 
concentration, ageing and plant species. In comparative phytotoxicity tests, conventional polypropylene 
(PP) and the bio-based biodegradable polymers polylactic acid (PLA) and polyhydroxybutyrate (PHB) did 
not affect seed germination. Nevertheless, PLA and PHB inhibited root growth more frequently than PP, 
particularly in dicotyledonous species [2]. Similarly, a direct comparison between artificially weathered 
microplastics derived from polyethylene mulch and a biodegradable starch-polybutylene adipate 
terephthalate (PBAT) blend revealed species-specific effects on four food crops. Although neither 
material significantly affected germination, the biodegradable particles caused adverse effects on early 
plant development more frequently than conventional polyethylene [3]. This response may be partly 
related to the greater chemical and biological reactivity of biodegradable polymers once introduced into 
soil. Moreover, polymer degradation may enhance the leaching of additives or other formulation 
components, prolonging the exposure of roots and soil microorganisms to potentially bioactive 
compounds. [3]. These findings highlight a critical knowledge gap concerning the comparative 
environmental behavior of conventional plastics and bioplastics in agroecosystems. This research aims 
to investigate how polymer type and artificial ageing influence the interactions of MNPs with soil and 
plants. The study will integrate physicochemical characterization of the particles with the assessment of 
soil properties and plant responses, including growth, root development, photosynthetic performance, 
water relations and oxidative stress. By identifying the material characteristics associated with adverse 
biological effects, the project will support a more robust evaluation of bioplastics as alternatives to 
conventional plastics and the development of safer materials for sustainable agriculture within a One 
Health perspective. 
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Tungsten oxide (WO3) is a promising inorganic photochromic material for smart optical devices, 
owing to its reversible light-induced coloration, governed by crystal structure and proton diffusion 
pathways. [1–3] Here, WO₃ nanoparticles (NPs) are synthesized via sol-gel route to establish the 
relationship between synthesis conditions, crystalline phase and photochromic response. Effect of 
solution pH and reaction temperature (from 45 to 90°C) are investigated by TEM, XRD and DRS. 
While pH mainly yields orthorhombic WO3 NPs characterized by a rounded shape and by an 
intense yellow color, reaction temperature governs the crystallographic phase, enabling selective 
formation of different WO3 polymorphs with rodlike structure. Under UV irradiation, orthorhombic 
WO3 NPs deposited in thin films demonstrate negligible photochromic response, whereas 
hexagonal NPs reach an intense blue coloration after few minutes of UV irradiation, confirming the 
role of the hexagonal framework in promoting proton intercalation. [2,3]. Incorporating the 
optimized nanoparticles into PVP films preserves the photochromic response at higher WO3 
loadings, highlighting the potential of polymer-assisted architectures for flexible photochromic 
coatings.[4] Overall, the reaction temperature is identified as the key factor controlling WO3 phase 
development and photochromic behavior, providing a solid guideline for the rational design of 
high-performance photochromic materials. 
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Water interfaces are active molecular environments whose properties cannot be understood simply as 
an interpolation between bulk liquid and vapor. The interruption of the hydrogen-bond network creates 
distinctive patterns of molecular orientation, solvation, electronic polarization, and charge redistribution, 
potentially opening chemical pathways that are inaccessible or inefficient in bulk water [1,2]. These 
effects have attracted particular attention to aqueous microdroplets, where remarkable reaction 
accelerations have been reported and interfacial electric fields are frequently invoked as possible 
catalytic driving forces [1,2]. 

Understanding these phenomena requires simulations capable of combining the accuracy of quantum 
mechanics with the spatial and temporal scales needed to describe fluctuating aqueous interfaces. In 
this talk, I will show how neural-network-based molecular dynamics can provide such a bridge [3]. By 
learning the underlying quantum-mechanical potential-energy surface, these approaches enable 
extended simulations of planar water interfaces and nanodroplets over a broad range of sizes and charge 
states. Selected configurations can then be examined through first-principles electronic-structure 
calculations, allowing the interfacial electric field to be reconstructed directly from the evolving 
electronic density.  

Water interfaces sustain intense and preferentially oriented electric fields, but these fields are not 
uniform macroscopic forces. They emerge from the collective molecular organization of the interface 
and remain confined to its first few molecular layers. Their magnitude is connected to hydrogen-bond 
defects, molecular orientation, and electronic polarization, making electrostatics inseparable from the 
local solvation environment. Although curvature and acidity alter interfacial structure, they produce 
comparatively modest changes in the electric field. Our findings [3] question interpretations in which the 
strong size dependence of microdroplet reactivity is attributed primarily to curvature-induced 
electrostatic amplification [4,5]. More broadly, our simulations suggest that the chemistry of aqueous 
interfaces emerges from the coupling of electric fields with solvation, confinement, molecular 
orientation, composition, and nonequilibrium processes.  
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Dye-sensitized solar cells (DSSCs) are highly attractive third-generation photovoltaics for low-cost, 
indoor, and semitransparent applications. However, their market viability is limited by interfacial 
recombination losses and a reliance on critical raw materials like Ru and Pt, prompting the 
exploration of eco-friendly carbon-based nanomaterials to enhance light harvesting1. Here, we 
report a rapid, reproducible, and green strategy to boost the power conversion efficiency (PCE) of 
organic Y123-based DSSCs via co-sensitization with resorcinol-derived carbon dots (R-CDs)—low-
cost, zero-dimensional nanomaterials synthesized via a benign hydrothermal route2. R-CDs were 
spin-coated onto Y123-sensitized mesoporous TiO2 photoanodes, followed by mild thermal 
treatment at 40 °C (Method B). Five ethanolic solutions of decreasing R-CD concentrations (CDT1 to 
CDT5) were evaluated to optimize loading. Comprehensive characterization (UV-Vis, steady-
state/time-resolved photoluminescence, J–V under AM 1.5G, EIS, and SEM) revealed a clear 
concentration–performance relationship. High loading (CDT1) reduced the PCE to 7.08% (−9.2% vs. 
reference) due to parasitic optical filtering. Conversely, intermediate loadings (CDT2–CDT3) 
surpassed the reference by down-converting UV photons into the Y123 absorption spectrum. The 
optimized low-loading device (CDT5) delivered outstanding metrics: Jsc= 20.76 mA/cm2, Voc= 0.697 
V, FF = 0.66, and a PCE of 9.57%, marking a +22.7% relative gain over the reference. EIS confirmed a 
significant reduction in interfacial recombination resistance, while SEM verified a thin, conformal 
carbon coating preserving the TiO2 nanostructure. This scalable, low-impact protocol paves the way 
for fully eco-friendly DSSCs incorporating natural or waste-derived dyes. 
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Infections caused by microorganisms pose a significant global public health challenge, requiring constant 
innovation in antimicrobial strategies [1]. While recent breakthroughs leverage artificial intelligence for 
molecular design [2], the advent of nanostructured materials with antimicrobial properties—nanoagents 
(NAs)—presents a promising strategy to control microbial growth and overcome antibiotic resistance. NAs 
inhibit bacterial proliferation through diverse mechanisms, and their responsiveness to external stimuli like 
light enables precise spatiotemporal control. Specifically, light activation triggers in situ thermal energy 
release or reactive oxygen species generation [3], damaging bacterial cells while minimizing side effects. 
Consequently, materials absorbing in the near-infrared (NIR)-II window emerge as compelling NAs 
candidates; their deep tissue penetration and high radiation tolerance by normal tissues present a frontier 
in combating microbial infections. 
Here organic-capped Cu2-xS nanoparticles (NPs), featuring NIR-II window absorption, were synthesized [4] 
and entrapped within hard, mesoporous silica (MS) structures [5] or soft, polymeric micelles (PEG-PE). MS 
and PEG-PE have the ability to coat hydrophobic NPs via versatile procedures, rendering them biocompatible. 
They also behave as multifunctional platform able to concomitantly host active molecules and provide 
targeting function. The antimicrobial activity of both the plasmonic nanostructures were investigated in the 
inhibition of Escherichia coli (E. coli) growth under irradiation of a NIR-lamp and dark condition and compared 
with bare MS and micelle. Although micellar structures (Cu2-xS@PEG-PE) can entrap larger amount of NPs 
than core-shell mesoporous structures (Cu2-xS@MSN), higher percentage of E. coli inhibition was obtained by 
using Cu2-xS@MSN rather than Cu2-xS@PEG-PE, while negligible bactericidal effect was played by bare MS 
and micelles. Various phenomena at the interface were delved, unravelling the mechanisms underpinning 
the antimicrobial activity. Factors such as the photothermal effect and the release of copper ions, triggering 
catalytic reaction were considered. This foundational study underscores the pivotal role played by the NP 
interface in antimicrobial activity, extending beyond mere NPs chemical and structural composition. 
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Within the SAMOTHRACE ecosystem, CNR-IPCF established an eco-sustainable and flexible SERS 
platform based on recycled-cellulose substrates decorated with nanostructured silver or gold films 
grown by Pulsed Laser Deposition, reaching a 10⁻¹⁰ M detection limit for model analytes such as 
Rhodamine 6G and the microbial pigment violacein [1-2].  

Built on this state of the art, the technological continuation planned in the HE-LIX project will drive 
the evolution of the SERS platform from a purely label-free tool into a selective sensing technology. 
The activity foresees the fabrication of eco-compatible substrates based on eco-cellulose derived 
from agro-industrial residues — such as citrus and cotton linters — decorated with nanostructured 
silver and gold films produced by alternative methods (e.g. sputtering, electrospray). The SERS-
active surfaces will be investigated by spectroscopic and microscopic techniques to correlate 
morphology and optical response with sensing performance.  

The innovation lies in the design and testing of functionalization protocols anchoring trap 
molecules/receptors that combine affinity towards a specific class of analytes with the ability to 
bind the Au nanostructures, thereby overcoming the label-free system in favor a selective 
molecular detection (Fig. 1). This work extends the research lines with the aim to deliver a low-cost 
and disposable sensing approach appliable to heritage science but extendible to environment, 
safety and green chemistry. 

 

Fig. 1: Conceptual scheme of the SERS evolution. 
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Vapor-deposited organic glasses transform via a liquid front that propagates from free surfaces at a 
constant velocity. However, this can be suppressed by capping the free surface with other organic 
materials that have a higher glass transition temperature, leading to an anomalous transformation 
dynamics through the formation of isolated liquid-like regions that grow consuming the remaining 
glass by kinetic facilitation. AFM can follow transformation kinetics by detecting small surface 
wrinkles that form in liquid-like regions, serving as a reliable proxy for dynamic analysis [1]. We 
have applied FM-KPFM to detect changes in surface potential due to the transformation into 
supercooled liquid below the capping layer [2]. We assessed the dependence of both sensitivity 
and resolution of this method on the capping layer thickness. 

 (a)   (b) 

 (c)   (d) 

Figure 1: Topography scans of an ultrastable glass after nucleation of liquid domains, for samples with (a) 13 

nm and (b) 25 nm capping layer thickness. Width of images (a) and (b) is 5 m. (c) and (d): repeated Kelvin 

potential profiles (128 scans) across the interface (image width 1 m). Boltzmann fitting of averaged profiles 

provides interface width of (c): 192 nm, (d): 279 nm.   
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Lateral flow immunoassays (LFIA) are unrivalled for point-of-care detection devices due to their 
robustness, simplicity, and cost-effectiveness. The LFIA test is based on the immobilization of a 
detection antibody/analyte complex on the test line (TL) of a nitrocellulose strip, onto which capture 
antibodies have been applied. Typically, the detection antibody is labeled with tags that create a 
visual contrast with the background of the test strip. 

However, one of the major challenges in advancing LFIA technology is the implementation of 
effective multiplexing strategies. At present, the simultaneous identification of multiple targets relies 
on the spatial separation of TL or the use of different labels for readout, resulting in increasingly 
complex assay architectures. 

In this contribution, the integration of LFIA technology with Laser-Induced Breakdown Spectroscopy 
(LIBS) is proposed. LIBS enables rapid, 
multi-elemental analysis of the sample 
within a few minutes and without any 
pretreatment. The feasibility of coupling 
LIBS with LFIA technology was explored by 
employing distinct metallic nanoparticles 
(NPs) as labels. By measuring the LIBS signal 
emitted by NPs captured on the test line, it 
should be possible to quantify the analytes 
to which they are bound. 

As proof of concept, gold, silver and platinum NPs were functionalized with antibodies targeting the 
tetraspanin proteins CD9, CD81, and CD63, which are recognized biomarkers of Extracellular Vesicles 
(EVs). The three tetraspanins were simultaneously detected on neuronal EVs using a specifically 
designed LFIA platform in which antibodies against L1CAM, a selective marker of neuronal EVs, were 
immobilized on the TL to enable EV capture. Multiplexed detection was then achieved by applying a 
single laser pulse onto the TL and monitoring the characteristic emission lines of the three metallic 
labels. 
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Optical tweezers (OT) enable the contactless three-dimensional manipulation of micro- and 

nanoscale objects through the transfer of linear and angular momentum. 

Here, we propose a novel application of OT by investigating the controlled manipulation of Janus 

particles (JPs) as versatile microengines. This approach overcomes the precision limitations of 

conventional chemically or thermally driven methods. By employing circularly polarized light, 

angular momentum is transferred to the particle, breaking the symmetry between optical and 

thermal forces and generating a tangential force that drives precise, directed orbital motion. 

Exploiting the synergy between optical and thermal effects under circularly polarized illumination 

enables accurate control of the particle's trajectory and orbital dynamics [1]. Furthermore, we 

propose a three-dimensional manipulation technique for JPs based on focused cylindrical vector 

beams with a doughnut-shaped intensity profile, providing enhanced control over particle 

positioning and motion in 3D space [2]. 
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The development of ultrafast scintillators for Time-of-Flight PET imaging requires materials combining 
high stopping power, efficient light conversion and sub-nanosecond decay times. Conventional LYSO 
crystals exhibit a 40 ns decay time, far from the 10 ps target enabling superior imaging resolution with 
reduced radioactive doses. Lead halide perovskite (LHP) nanocrystals (NCs), such as CsPbBr3, have 
emerged as promising candidates owing to their high photoluminescence quantum yields, tunable 
optical properties and fast recombination dynamics. In this work, we report on the synthesis and 
optical characterization of CsPbBr3 NCs and their incorporation into polymer nanocomposite films, for 
fabricating LHP/LYSO ultrafast scintillator heterostructures for TOF-PET applications. 

CsPbBr3 NCs were synthesized via hot-injection (HI) and ligand-assisted reprecipitation (LARP) using 
PbBr2 and Cs2CO3 precursors with different ligands (oleic acid, oleylamine, dodecyl ammonium 
bromide, octylphosphonic acid). Morphological and optical properties were characterized by TEM, UV-
vis absorption and steady-state and time-resolved photoluminescence spectroscopy. Solid-state 
nanocomposite films were fabricated by dispersing NCs in polystyrene and polymethylmethacrylate 
solutions of varying molecular weight and concentration. Films were deposited by drop-casting on 
quartz substrates, modifying preparation parameters to optimize thickness, homogeneity and optical 
property retention. 

LARP-synthesized NCs outperformed HI counterparts, exhibiting narrower emission bandwidths (<100 
meV), quantum yields exceeding 80% and faster decay times down to 5 ns. Generally, 
polymethylmethacrylate better preserved NCs optical properties with no significant spectral shifts, 
while polystyrene enabled larger film thicknesses (30–500 µm), depending on molecular weight and 
concentration. Increased NC loading yielded films of comparable thickness but significantly enhanced 
photoluminescence intensity. LHP NCs/LYSO heterostructures were successfully fabricated by drop-
casting polystyrene-based nanocomposite films directly onto commercial LYSO crystals. 

HI and LARP comparison highlights the critical role of synthetic protocols in determining NC optical 
properties, guiding the selection of optimal candidates for scintillation applications. 
Polymethylmethacrylate-based nanocomposites showed excellent optical property retention, while 
faster recombination dynamics observed in thin films are advantageous for ultrafast scintillation. PS 
matrices, despite minor spectral broadening at low energy, attributed to weak NC aggregation 
preserved the main photophysical properties while providing thicker films suitable for sufficient X-ray 
stopping power. These results pave the way for upcoming scintillation tests on LHP/LYSO 
heterostructures, towards the development of ultrafast detectors for TOF-PET medical imaging. 
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Carbon dots (CDs) are fluorescent nanomaterials of growing interest due to their combination of 
tunable optical properties, low toxicity, biocompatibility, and environmental compatibility. Their 
optical absorption can extend into the visible region, making them promising for a wide range of 
applications, including bioimaging, sensing, photocatalysis, photonics, and energy conversion.[1] In 
recent years, increasing attention has been devoted to the development of more sustainable 
synthetic strategies for the preparation of CDs, aimed at reducing energy consumption and limiting 
the use of conventional organic solvents.[2] 

In this context, deep eutectic solvents (DESs) are emerging as alternative reaction media in materials 
chemistry because of their low toxicity, low cost, and ability to promote the formation and 
stabilization of carbon-based nanomaterials with attractive photophysical properties. [3] In 
particular, the eutectic systems choline chloride/glycerol (1:3 mol/mol), L-arginine/glycerol (1:6 
mol/mol), and choline chloride/ethylene glycol (1:2 mol/mol) have been investigated as alternative 
synthetic media for the preparation of fluorescent carbon-based materials. 

In the present work, new synthetic strategies in DES media are explored starting from an established 
procedure based on the thermal carbonization of resorcinol in ethylene glycol under air and 
atmospheric pressure. The aim is to obtain fluorescent materials with optical properties in the visible 
region that are potentially suitable for use as photosensitizers in (bio)photoelectrochemical systems 
for hydrogen production. 

For this purpose, the investigation of the reaction conditions is carried out. The spectroscopic 
properties of the resulting materials are investigated by UV–vis absorption spectroscopy and both 
steady-state and time-resolved fluorescence spectroscopy.  

Finally, a life cycle assessment of the developed synthetic procedures is performed to quantify and 
compare their environmental impacts and to identify the most promising strategies for the 
sustainable preparation of fluorescent carbon-based materials. 
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Hydrogen is widely regarded as a strategic energy vector for the transition toward low-carbon energy 
systems. Hydrogen can be produced through different routes, including catalytic partial oxidation of 
methane for hydrogen and syngas production, a topic historically addressed by Freni, Calogero and 
Cavallaro with particular attention to reactor configurations, catalytic systems and selectivity issues 
[Freni et al., 2000]. Among the available production methods, water electrolysis represents one of 
the most direct and clean approaches, especially when powered by renewable energy sources. Main 
electrolysis technologies include alkaline electrolysis, proton exchange membrane electrolysis, anion 
exchange membrane electrolysis and high-temperature solid oxide electrolysis, each characterized 
by specific materials, operating conditions, efficiencies and safety requirements. At laboratory scale, 
electrolysis allows a clear correlation between electrical charge and gas production. According to 
Faraday’s law, theoretical hydrogen yield can be estimated from current, time and electron transfer, 
while comparison with collected gas volumes provides information on efficiency, losses and 
deviations from ideal behaviour. In this activity, CNR-IPCF assembled and used Hoffmann-type 
reactors for bench-scale hydrogen production, enabling the separate collection of hydrogen and 
oxygen. Sodium bicarbonate, sodium carbonate and potassium carbonate solutions were tested to 
improve ionic conductivity under manageable laboratory conditions. The activity also addressed 
safety issues, including hydrogen flammability, gas accumulation, leakage, ventilation, gas mixing, 
overpressure, electrolyte handling, corrosion, electrode heating, electrical risks and glassware 
management. Initial results confirm that Hoffmann reactors are useful tools for studying hydrogen 
production, monitoring key variables and consolidating safe experimental protocols before moving 
toward more complex systems. 

We gratefully acknowledge the GENIUS project, funded by the INAIL BRIC 2025 programme, for 
supporting this research activity and for providing the scientific framework to investigate hydrogen 
production and safety issues at laboratory scale and the POR H2 AdP MMES/ENEA with involvement 
of CNR and RSE, PNRR - Mission 2, Component 2, Investment 3.5 “Ricerca e sviluppo sull’idrogeno”, 
CUP: B93C22000630006. 
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Research over the past several decades has provided a comprehensive understanding of bacterial 
photosynthesis and the molecular mechanisms governing its solar light transduction. This 
established knowledge base signifies the field's maturity. Consequently, attention is now pivoting 
towards exploring and implementing applications that leverage bacterial photosynthetic 
components as functional soft materials for roles distinct from their biological function. [1, 5] 
These efforts are rapidly transitioning from conceptual exploration to tangible applications within 
material science. This contribution will present a selection of applications relevant to promising 
new technologies. By addressing both current potential and inherent limitations, this analysis aims 
to provide a balanced illustration of utilizing the bacterial photosynthetic apparatus and its 
components in emerging technological domains. 
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