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15th Hellenic Polymer Society International Conference 

PROGRAM TABLE 
 

Wednesday 3rd December 2025 
17:00-18:45 Lobby Registration 

18:45-20:30 Lobby Welcome Reception 

 

Thursday 4th December 2025 
Room A Session  

TA1 

09:00-11:00 
Chairs: Georges HADZIIOANNOU, 
George VOYIATZIS 

Speaker Room B Session  

TB1 

10:10-11:05 
Chairs: Emmanouil GLYNOS, 
Vagelis HARMANDARIS 

 

Speaker 

09:00-09:30 Opening Ceremony – Welcome 
Chairs: Georgios BOKIAS, George VOYIATZIS, Georgios PSARRAS 

Welcome Speeches 

Christos BOURAS, Rector, University of Patras 
Theofilos IOANNIDES, Director of FORTH/ICE-HT 

Emmanuel PASPALAKIS, Dean of the School of Natural Sciences 
Theocharis STAMATATOS, Head of the Department of Chemistry 

09:00-09:30 - - - 

09:30-10:10 Keynote Talk The Beauty of Polymer Chemistry Nikos 

HADJICHRISTIDIS 
09:30-10:10 - - - 

10:10-10:35 Invited Talk Synthesis, Characterization and Self-
Assembly of Linear and Non-Linear 
Terpolymers. Effect of Architecture 
on Microphase Separation 

Apostolos 
AVGEROPOULOS  

10:10-10:35 Invited Talk End-of-Life Strategies and Biobased Approaches 
towards Sustainable Polymers 

 Stamatina 
VOUYIOUKA 

10:35-11:00 Invited Talk Main Chain Stimuli-Degradable 
Polymers 

Maria  
VAMVAKAKI  

10:35-10:50 Oral 
Presentation 

Sustainable High-Density Polyethylene through 
Reversible Network Formation 

Christina 
SAMIOTAKI 

- - - - 10:50-11:05 Oral 

Presentation 

Structure-Property Relationship of Biocompatible 

Electrolytes Based on Polyhistidine and Poly 
(ethylene oxide) 

Margarita 

LUSHA 

11:00-11:30 Lobby Coffee Break 
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Room A Session  

TA2 

11:30-13:25 
Chairs: Aristeidis 
PAPAGIANNOPOULOS, George 
PASPARAKIS 

Speaker Room B Session  

TB2 

11:30-13:35 
Chairs: Kiriaki CHRISSOPOULOU,  
Margarita CHATZICHRISTIDI 

 

Speaker 

11:30-11:55 Invited Talk Synthesis and self-assembly of 
branched copolymer systems 

Stergios  
PISPAS  

11:30-11:55 Invited Talk Wetting states and friction of drops on 
superhydrophobic and slippery surfaces 

Periklis 
PAPADOPOULOS  

11:55-12:10 Oral 
Presentation 

Well-defined polyisoprene vitrimers Konstantinos 
NTETSIKAS  

 

11:55-12:10 
 

 

Oral 
Presentation 

Design of Polyurea Microcapsules for Self-healing 
Applications 

Efterpi  
AVDELIODI  

12:10-12:25 Oral 
Presentation 

Thin Film and Bulk Morphologies in 
Linear Triblock Terpolymers of 

Polystyrene, Polybutadiene and 
Polydimethylsiloxane 

Konstantinos 
ARTOPOIADIS  

12:10-12:25 Oral 
Presentation 

Development of Superhydrophobic Polymer 
Nanocomposite Coatings exhibiting Antifouling 

behaviour 

Gojda  
FRANCESKA 

12:25-12:40 Oral 
Presentation 

Macromolecular Brushes based on 
Polyisocyanates 

Aikaterini  
KATARA  

12:25-12:40 Oral 
Presentation 

Self-healing polyurethane nanocomposites: 
effect of graphene derivative on healing 

performance 

Evangelia 
GIANNAKAKI  

12:40-12:55 Oral 
Presentation 

Morphological Transitions of “Soft 
Nature” Diblock Viscoelastic 

Copolymers 

Ioannis  
MOUTSIOS  

12:40-12:55 Oral 
Presentation 

Itaconic Acid–Based Covalent Adaptive Networks 
for Sustainable 3D Printing 

Lazaros 
PAPADOPOULOS 

12:55-13:10 Oral 

Presentation 

How Does Molecular Design Induce 

Intricate Network Phases? 
Maria Gkreti 

MANESI  
12:55-13:10 Oral 

Presentation 

3D-Printed PETG Ternary Composites Reinforced 

with Short Carbon Fibers and Carbon Nanotubes: 
Insights into Multiscale Synergistic Mechanisms 

Fivos  

SIMOPOULOS  

13:10-13:25 Oral 

Presentation 

N-Vinylpyrrolidone and 2-Chloroethyl 

Vinyl Ether based Copolymers as 
Scaffolds for Poly(Lactide)-Grafted 
Architectures 

Nikolaos 

PLACHOURAS  
13:10-13:35 Invited Talk Graphene-Polymer Composites: From 

Nanoengineering to Multifunctional Macroscale 
Applications 

Costas  

GALIOTIS  

13:40-14:40 Lobby  Lunch Break 
Room A Session  

TA3 
14:40-16:20 
Chairs: Kelly VELONIA,  
Zacharoula IATRIDI 

 

Speaker Room B Session  
TB3 

14:40-16:15 
Chairs: Konstantinos RAFTOPOULOS,  
Georgios BOKIAS 

 

Speaker 

14:40-15:05 Invited Talk Nanostructured materials as drug 
delivery vehicles to treat cancer, 

cardiovascular and other diseases 

Hermis 
IATROU 

14:40-15:05 Invited Talk Polymer Recycling: Current perspectives and 
limitations 

Dimitris  
ACHILIAS  

15:05-15:20 Oral 
Presentation 

Poloxamer hydrogels as a modern 
delivery system of biologically active 
substances 

Joanna  
SKOPINSKA-
WISNIEWSKA  

15:05-15:30 Invited Talk Degradation of Synthetic Polymers and the 
Emergence of Microplastics: Linking Structure, 
Aging, and Biological Impact 

Dimitris  
BIKIARIS  
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15:20-15:35 Oral 

Presentation 

pH-Responsive Poly(L-Histidine) 

Nanoparticles for Enhanced Delivery 
of Platinum-Based 
Chemotherapeutics 

Iren Georgia 

STAVRAKAKI  
15:30-15:45 Oral 

Presentation 
Upcycling Waste Cotton Textiles into Bacterial 

Cellulose via Integrated Enzymatic–Microbial 
Processing 

Nikoleta  

GRIVA ANNA  

15:35-15:50 Oral 
Presentation 

Combined Chemo-Photothermal 
Treatment of Pancreatic Cancer Cells 
by Paclitaxel-loaded Graphene 
Nanoparticles stabilized by PLA-PEG 

Athina 
ANGELOPOULOU  

15:45-16:00 Oral 
Presentation 

Molecular Dynamics in Vitrimers: Effects of 
Molecular Weight and Crosslinking in PnBMA 

Michail 
DANIKAS 

15:50-16:05 Oral 
Presentation 

Electrostatic self-assembly of xanthan 
gum and diethylaminoethyl dextran: 
preparation, characterization, 

encapsulation of β-carotene and 
interaction with mucus-mimicking 
systems 

Ioannis  
PISPAS  

16:00-16:15 Oral 
Presentation 

Polyhydroxyalkanoates Production: Performance 
and Microbial Dynamics of an MMC enriched 
with PHAs biocatalist and fed with acidified food 

waste 

Androniki 
MALIOUFA 

16:05-16:20 Oral 

Presentation 

Insights into Drug-Polymer 

Interactions in Paclitaxel Loaded 
Nanoparticles via NMR Spectroscopy 

Aggelos Ioannis 

PATSIS 
- - - - 

16:20-16:45 Lobby  Coffee Break 
Room A Session  

TA4 

16:45-18:45 
Chairs: Valadoula DEIMEDE, 
Lazaros TZOUNIS 

Speaker Room B Session  

TB4 

16:45-18:45 
Chairs: Georgios PSARRAS,  
Panagiota KARAHALIOU 

 

Speaker 

16:45-17:10 Invited Talk Water Permeability and Ion 
Separation based on Multi-Layered 
Graphene-Oxide Functionalized 

Membranes: An in-Silico Investigation 

Konstantinos 
KARATASOS  

16:45-17:10 Invited Talk α-helices and β-sheets in Polypeptides show 
distinct Local and Global Dynamics 

George  
FLOUDAS  

17:10-17:35 Invited Talk Mixed matrix membranes composed 
of graphene-based derivatives as 
additives in PVAm for CO2 capture 

Solon 
ECONOMOPOULOS  

17:10-17:35 Invited Talk Biofabrication of 3D complex tissues and cancer 
models using functional biomaterials and 
extrusion bioprinting 

Maria 
CHATZINIKO-
LAIDOU 

17:35-17:50 Oral 

Presentation 

Transport Properties in Electrode 

Laminas and Electrolytes for 
Structural Batteries 

Achilleas  

PIPERTZIS  
17:35-17:50 Oral 

Presentation 

Advancing Multiscale Computational Techniques 

to Design Sustainable Food Packaging 
Andoni  

UGARTEMEN-
DIA  

17:50-18:05 Oral 
Presentation 

Flexible 3D printed nanocomposite 
electrodes for sensing and energy 

storage applications 

Stefanos  
MATSALIS  

17:50-18:05 Oral 
Presentation 

Effect of Vitrimers on the Structure and Dynamics 
of High-Density Polyethylene 

Stefano  
CHIANI  

18:05-18:30 Invited Talk New Shortwave Infrared Conjugated 
Polymers for High Performance 

Organic Photodetectors and 
Ambipolar Phototransistors 

Christos  
CHOCHOS  

18:05-18:20 Oral 
Presentation 

Laser-assisted reduction of GO of polyester 
textiles: A platform for energy conversion and 

storage in smart clothing 

Natalia 
KANTOUNI 

18:30-18:45 Sponsors 
presentation 

  18:20-18:45 Invited Talk Eco-friendly recycling of fibre-reinforced 
composites via thermally assisted hydrogen 

peroxide treatment 

Vasilis 
KOSTOPOULOS  
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18:45-20:00 Lobby  Poster Session 1 

21:00-23:00 Conference Dinner 
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Friday 5th December 2025 
Room A Session  

FA1 
09:00-11:00 
Chairs: Spiros ANASTASIADIS, 
Konstantinos KARATASOS 

Speaker Room B Session  
FB1 

09:40-11:00 
Chairs: : Dimitris ACHILIAS, 

Christos CHOCHOS 
 

Speaker 

09:00-09:40 Keynote Talk Molecular Modeling for Polymer 
Product Design 

Doros  
THEODOROU  

09:00-09:40 - - - 

09:40-10:05 Invited Talk 62 Years of the K-BKZ Constitutive 

Relation for Polymers 
Evan  

MITSOULIS  
09:40-10:05 Invited Talk Polymer Nanocomposites: Correlating 

Structure with Properties 
Kiriaki 

CHRISSOPOULOU  

10:05-10:30 Invited Talk Computer-aided design of 
biomolecular nanocarriers for drug 
delivery applications 

Anastassia  
RISSANOU  

10:05-10:30 Invited Talk A high-performance thermoelectric generator 
(TEG) device based on 3D printed TPU gyroid 
structures infiltrated with p- and n-type single-

walled carbon nanotubes 

 Lazaros 
TZOUNIS 

10:30-10:45 Oral 
Presentation 

Molecular Dynamics Simulations for 
Organic Molecules using Atomic 
Cluster Expansion Potentials 

Artem  
TOMILO  

10:30-10:45 Oral 
Presentation 

Fabrication and characterization of chitosan-
based fluorescent microrobots 

Haoying  
WANG  

10:45-11:00 Oral 
Presentation 

Atomistic Insights into CO₂ Capture 
Efficiency of PVDF/Ionic Liquid 
Composite Membranes 

Nikolaos  
PATSALIDIS  

10:45-11:00 Oral 
Presentation 

Green Epoxy Resin/SiO₂ Composites: 
Development and Study of Dielectric Response 
and Thermomechanical Behavior 

Anastasios 
PATSIDIS 

11:00-11:30 Lobby  Coffee Break 
Room A Session  

FA2 
11:30-13:25 
Chairs: Maria VAMVAKAKI, 
Stergios PISPAS 

Speaker Room B Session  
FB2 

11:30-13:30 
Chairs: George FLOUDAS,  
Hermis IATROU 

Speaker 

11:30-11:55 Invited Talk Tailored Biopolymer Nanocarriers 

from Protein–Polysaccharide 
Complexes for Delivery of Bioactive 
Molecules 

Aristeidis 

PAPAGIANNOPOU-
LOS  

11:30-11:55 Invited Talk Combining Metal Oxides with Lithography: Top-

Down and Bottom-Up Approaches 
Margarita 

CHATZICHRISTIDI 

11:55-12:10 Oral 
Presentation 

Exploring the anticancer potential 
and enhanced delivery of a novel 
styrylquinazolinone derivative for 
glioblastoma treatment 

Katarzyna  
MALARZ  

11:55-12:10 Oral 
Presentation 

Supersoft Polymer Melts in Binary Blends of 
Bottlebrush cis-1,4-Polyfarnesene and cis-1,4-
Polyisoprene 

Ioannis 
TZOURTZOUKLIS 

12:10-12:25 Oral 
Presentation 

Plant Biomass-Derived Crosslinking 
Agents in Gelatin Hydrogel Systems: 
Material Characterization and 

Biomedical Relevance 

Katarzyna  
BIALIK-WĄS  

12:10-12:25 Oral 
Presentation 

Nanoparticle Network Formation and 
Crystallization Kinetics in PEO/SiO₂ 
Nanocomposites Revealed by Simultaneous 

SAXS/WAXS 

Antonia 
ATHANASAKI 

12:25-12:40 Oral 
Presentation 

pH responsive nanogels for 
pulmonary drug delivery 

Nikolaos  
POLITAKOS  

12:25-12:40 Oral 
Presentation 

Phase Diagram and Dynamics of Diblock 
Copolymers with Conformational Symmetry 

Nikolaos  
FOTARAS 

12:40-12:55 Oral 
Presentation 

Ion-Mediated Modulation of DNA 
Oligo-Catenane Structure  and 

Compactness 

Terpsichori  
ALEXIOU  

12:40-13:05 Invited Talk Reduction of dynamic helical polymers to 1D 
Ising-like models: long range effects from 

polymer self-avoidance 

Kostas  
DAOULAS 

12:55-13:10 Oral 
Presentation 

Eco-friendly synthesis of 
biodegradable PLA-based exfoliant 

Nikolaos  
BIKIARIS  

13:05-13:30 Invited Talk Multiscale Investigation of Polymer-Based 
Nanostructured Materials Using Simulations 

Vagelis 
HARMANDARIS 
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microbeads via droplet microfluidics 

for sustainable cosmetics 
and Machine Learning: From Atoms to 

Macroscopic Properties 

13:25-14:25 Lobby  Lunch Break 
Room A Session  

FA3 

14:25-16:30 
Chairs: Apostolos AVGEROPOULOS,  
Georges HADZIIOANNOU 

 

Speaker Room B   

 

14:25-15:05 Keynote Talk Green Pathways to Functional and 

Renewable Polymeric Materials 
Katja  

LOOS  
- - - - 

15:05-15:30 Lobby  Coffee Break 
15:30-17:00 

Retirement Ceremony  
Georgios BOKIAS, George VOYIATZIS, Georgios PSARRAS 

Constantinos G. GALIOTIS  Presenter: Doros THEODOROU 

Joannis K. KALLITSIS Presenter: Georges HADZIIOANNOU 

Vassilis KOSTOPOULOS Presenter: Georgios PSARRAS 

Georgios STAIKOS Presenter: Georgios BOKIAS 

Constantinos TSITSILIANIS Presenter: Hermolaos IATROU 
 

17:00-18:30 Room A 
Hellenic Polymer Society - General Assembly 
Apostolos AVGEROPOULOS 

18:00-20:15 Lobby  Poster Session 2 
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Saturday 6th December 2025 
Room A Session  

SA1 
09:00-11:15 
Chair: Doros THEODOROU, 
Katja LOOS 

 

Speaker Room B Session  
SB1 

09:40-11:15 
Chair: Evan MITSOULIS,  
Aikaterini ANDREOPOULOU 

Speaker 

09:00-09:40 Keynote Talk Polymers, electronics and the genesis 
of polymer printed flexible 

electronics 

Georges 
HADZIIOANNOU 

09:00-09:40 - - - 

09:40-10:05 Invited Talk PVDF-based tetrapolymers: A 
playground for ferroelectrics and 
their applications 

Eleni 
PAVLOPOULOU 

09:40-10:05 Invited Talk Protein-polymer Conjugates: Synthesis and 
Catalytic Activity 

Kelly  
VELONIA  

10:05-10:20 Oral 
Presentation 

Cradle-to-gate analysis of OPVs: 
Impact of the synthetic methodology 
of different polymeric donors 

Konstantinos C. 
ANDRIKOPOULOS 

10:05-10:20 Oral 
Presentation 

GRECO: Innovative Bio-based, Biodegradable, 
Recyclable, Safe and Circular Food Packaging 

Eleftheria 
XANTHOPOULOU  

10:20-10:35 Oral 

Presentation 

Hybrid composites as inks and 

humidity-responsive membranes for 
sensing, actuation, and moisture-
enabled energy generation 

Ioanna 

TZOUMANI 
10:20-10:35 Oral 

Presentation 

Development of sustainable HDPE composites 

incorporating lignin-based additives 

Alexandra 

ZAMBOULIS  

10:35-11:00 Invited Talk Water-soluble polyelectrolyte 

complexes as amphiphilic systems 
formed by means of grafting 
hydrophilic neutral chains on one of 

their consisting polyelectrolytes and 
possible applications 

Georgios 

STAIKOS 
10:35-11:00 Invited Talk Upscaling sustainable polymer nanocomposites 

in Europe: the role of the BIOMAC OITB 

Zoi  

TERZOPOULOU  

11:00-11:15 Oral 
Presentation 

Polymer Imbibition into 
Nanochannels: From Linear to 

Branched 

Panagiotis 
KARDASIS 

11:00-11:15 Oral 
Presentation 

Nanocellulose based materials as additives for 
sustainable completely biobased packaging 

applications  

Panagiotis 
TSAOUSIS  

11:15-11:45 Lobby  Coffee Break 
Room A Session  

SA2 

11:45-13:25 
Chair: Valadoula DEIMEDE, 
Spyros N. YANNOPOULOS 

Speaker Room B Session  

SB2 

11:45-13:35 
Chair: Anastassia RISSANOU, 
Konstantinos ANDRIKOPOULOS 

 

Speaker 

11:45-12:10 Invited Talk Macromolecular Design Strategies for 
High-Performance Single-ion 
Electrolytes for Solid-State Batteries 

Emmanouil 
GLYNOS 

11:45-12:10 Invited Talk Hydration in Non-Isocyanate Polyurethanes Konstantinos 
RAFTOPOULOS 

12:10-12:25 Oral 

Presentation 

Abundant-Ion Chemistries in PEO-

Based Electrolytes: Decoding the Role 
of Cation Identity in Structure and 
Transport 

Chrysostomos 

PAPAMICHAIL 
12:10-12:25 Oral 

Presentation 

Influence of poly (ethylene azelate) (PEAz) 

blocky segments on the properties of PLA-
based copolyesters and blends 

Rafail 

IOANNIDIS 
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12:25-12:40 Oral 

Presentation 

Difluoro-Substituted Thiophene-

Based N-Type Conjugated Polymers 
as Electron Acceptors for Indoor 
Organic Solar Cells 

Vasiliki 

KIRYKOU 
12:25-12:40 Oral 

Presentation 

Durability assessment of PLA-based 

biocomposites exploiting wood-waste derived 
lignocellulosic materials 

Vasileios 

NIKITAKOS 

12:40-12:55 Oral 
Presentation 

Laser Scribed Graphene Electrodes 
and Ionic Liquids Integrated Gel 
Polymer Electrolytes Based Micro-
Flexible Supercapacitors 

Sangha 
MITRA 

12:40-13:05 Invited Talk Benzoxazole Thioethers Based on Xanthone 
and Thioxanthone Chromophore and their Use 
as Type I Photoinitiators in the Polymerization 
of Acrylic Monomers 

Michael 
SISKOS 

12:55-13:10 Oral 
Presentation 

A Macromolecular Design Platform 
for Self-Healable, Mechanically 
Robust Solid Polymer Electrolytes for 

Next Generation Lithium Batteries 

Eirini 
DRAMOUNTANI 

13:05-13:20 Oral 
Presentation 

Reinforcing of Biodegradable Polymers with 
Graphene oxide and its Effect on the Kinetics of 
Isothermal Crystallization 

Georgianna 
ATHANASOULIA 

13:10-13:25 Oral 
Presentation 

Electrospun PAN–templated laser-
assisted graphene for high-
performance flexible supercapacitors 

Ioannis-Nektarios 
CHRONOPOULOS 

13:20-13:35 Oral 
Presentation 

Exploring the Antagonistic Interaction Between 
Phosphorus and Basic Oxide-Forming Minerals 
as Flame Retardants in Polymeric Composite 

Coatings 

Evangelia 
MITROPOULOU  

13:35-14:15 Lobby  Light Lunch Break 

14:15-14:45 Room A Awards, Honors 

14:45-15:10 Room A  
Announcements of the Hellenic Polymer Society 
Conference Closing  
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POSTER SESSION 1 

Thursday 4th December 2025 
 

P1 Tensile properties of thermoplastic polyurethane (TPU)/ carbon nanotube (CNT) nanocomposites for 3D printing through experiments and simulations Alexandros SPYRIDAKIS 

P2 Biocompatibility of 3D printed microfluidic devices for cell culture under flow  Dimitrios TZITZILIS 

P3 Design of materials based on negatively charged cellulose nanocrystals and oppositely charged polyelectrolytes  Georgia KATSIDIMA 

P4 Biosynthesis of polyhydroxyalkanoates from olive stones pyrolytic oil and acidified food wastes  Elianta KORA 

P5 Biohydrogen and Bioplastics Production from Organic Waste Kelly VELONIA 

P6 Environmental reliability of PHB biodegradation in municipal wastewater treatment plants: a risk-based assessment of activated sludge variability and 

process performance 
Ioanna NTAIKOU 

P7 Synthesis and Characterization of Poly(mandelic acid) and Biobased Copolymers  Despoina MEIMAROGLOU 

P8 Tailoring NIPUs: Exploring the Role of Various Diacids in Non-Isocyanate Polyurethane Synthesis Evangelia BALLA 

P9 Comparative study of titanium alkoxide catalysts in the melt polycondensation of biobased polyesters  Georgia LATHIRA 

P10 Leaching Behavior of Chemical Constituents from Poly(lactic acid) Micro- and Nanoplastics Under Simulated Environmental Aging  Nina Maria AINALI 

P11 In situ preparation of LDPE/Casein packaging materials through extrusion process  Eleni TRIANTAFYLLOU 

P12 Polyurethane foams synergised from graphene nanoplatelets and cellulose nano-whiskers (CNWs) as relative humidity regulators George GORGOLIS 

P13 Synergistic integration of spin crossover and zinc oxide in transparent films for active intelligent packaging  Ioanna PAPAGEORGIOU 

P14 Food packaging systems functionalized with clay-polymer nanocomposites and natural bioactive compounds  Georgia LAINIOTI  

P15 Polyvinylpyrrolidone–Magnesium Oxide Nanocomposite as an Active Layer for Organic Memristive Devices  Katerina MASKANAKI 

P16 Water-Triggered Self-Healing Polyurethane Systems via Microencapsulated Acrylate Copolymers  Efterpi AVDELIODI 

P17 Eco-Friendly Superhydrophobic Siloxane-based Nanohybrid Coatings Erta PETSI 

P18 Abrasion Resistance of Polymer and Polymer Nanocomposite Coatings  Maria VLASIADI 

P19 Embedding TiO2 nanoparticles inside polycaprolactone-based polyurethane Ivan STEFANOVIĆ 

P20 Polyurethane/TiO2 composites: Morphology examination Ivan STEFANOVIĆ 

P21 Hybrid polymer nanocomposites reinforced with boron nitride and halloysite nanoparticles  Panagiota KARAHALIOU 

P22 Crosslinking of PVA with Tungsten and Molybdenum Polyoxometalates via optical lithography  Margarita CHATZICHRISTIDI 

P23 Development and characterization of recycled poly(ethylene terephthalate) (rPET) nanocomposites reinforced with biochar derived from sewage sludge   Lazaros KARAGIANNIDIS 

P24 PAN-PANi/GNP Nanocomposites: Morphological Characteristics and Thermal Response Anastasios PATSIDIS 

P25 Epoxy Resin/Cellulose Nanocomposites: Development, Thermo-Mechanical and Electrical Characterization   Helen SERETI 

P26 Cellulose/Fe3O4/Green Epoxy Resin Hybrid Nanocomposites: Development, Dielectric Response and Functional Performance  Georgios PSARRAS 

P27 Synergistic and Antagonistic Interactions of Phosphorus-Based Flame Retardants and Mineral Co-Fillers in Polymers Evangelia MITROPOULOU 

P28 Study of Poly(vinyl butyral) composites reinforced with silica-based particles  Vasileios NIKITAKOS 

P29 Incorporation of Nanolignin into HDPE for Sustainable Composite Development  Christina SAMIOTAKI 

P30 How Polydispersity Affects the Crystallization and Dynamics of Poly(ethylene glycol)  Vasileios MOSCHOS 

P31 Elastic properties of cyanobiphenyl-based dimers determined through capacitance measurements in electric/magnetic fields  Panagiota KAPSALI 

P32 Accessing Various Nanostructures in Linear Diblock Copolymers Through Homopolymer Blending  Asterios DIMAS 
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P33 Assessing stress concentration in polymers with circular notches using graphene strain sensors  Elli BELLOU 

P34 Advanced Probing of Complex Soft Matter Nanoscale Structures Maria Gkreti MANESI 

P35 Circular Economy Approach for High-Performance Bio-Composites Using Waste PET and Lignin/Biosilica Fillers Milica VASOVIĆ 

P36 Design and Optimization of Microhardness in Eco-Friendly Polyester Composites Reinforced with Functionalized Silica  Milica VASOVIĆ 

P37 Synthesis and Characterization of  PEG-PDMAEMA-PLA triblock tertpolymer Dimitrios GOUTSIOS 

P38 Stepwise Synthesis and Functionalization of Polymeric Nanocarriers for Paclitaxel Delivery  Katerina ARVANITI 

P39 Densely Grafted Double Hydrophilic Copolymers for Biomedical Applications  Achilleas PIPERTZIS 

P40 Engineering a Well-Defined Pentablock Copolymer with Tunable Architecture for Biomedical Use Christina VARFI 

P41 Amphiphilic Thermoresponsive Triblock PLA-PEG-PLA and  Diblock mPEG-PLA Copolymers for Controlled Deferoxamine Delivery Ermioni MALINI 

P42 Synthesis of pH-Responsive Hybrid Copolymers and Their Conjugation with Protein to Combat Myasthenia Gravis  Eleni KALANTZI 

P43 A study on the preparation and physicochemical properties of chondroitin sulfate/diethylaminoethyl dextran carrier nanocomplexes Ioannis PISPAS 

P44 Computational-Experimental Synergy in Smart Drug Delivery System Design Anastassia RISSANOU 

P45 Enzymatic hydrolysis of bacterial cellulose assisted by non-thermal plasma technology Erminta TSOUKO 

P46 SYNTHESIS AND CHARACTERIZATION OF WELL-DEFINED TADPOLE-SHAPED POLYSTYRENE SINGLE CHAIN NANOPARTICLES Athina NANOU 

P47 Synthesis of Single Chain Polystyrene Nanoparticles via Reversible Ionic Interactions  Anastasia STERGIOU 

P48 Thioethers Based on Anthraquinone Chromophore and their Use as type I Photoinitiators in the Polymerization of Methyl Methacrylate Stavroula SIMOU 

P49 Polymer–photocatalyst hybrid nanofibrous membranes: An immobilization approach for sustainable water purification  Athanasios SOULIOTIS 
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POSTER SESSION 2 
Friday 5th December 2025 

 

P50 “Surface-Grafted Polymer Brushes from Linear Triblock Terpolymers: Insights Into Morphology and Structural Evolution”  Konstantinos ARTOPOIADIS 

P51 A Safe, Sustainable Route to High Performance Non-Isocyanate Polyurethane (NIPU) Coatings Nefeli PAPADOPOULOU-FERMELI  

P52 Replacing Styrene in Unsaturated Polyester Resins: From Lab to Application  Dimitrios PERIVOLIOTIS 

P53 Tunable Rheological Properties of Cross-linked Hydrogels Based on 2-(dimethylamino)ethyl methacrylate Copolymers Zacharoula IATRIDI 

P54 Synthesis and Characterization of Star-Shaped Poly(n-hexyl isocyanate) Homopolymers via Coordination Polymerization and Core-First Methodology 
Using Multi-Functional (Half-)titanocene Alkoxy Complexes 
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P69 Novel Ion-Solvating Polymer Electrolytes based on crown ether functionalized copolymers for Alkaline Water Electrolysis  Eftychia TSOLKA 
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P76 Preparation of phase inversion polymeric membranes and their application as pH sensors monitored via spectroscopic techniques  Ioanna KAITSA 

P77 Molecular Design of Low-Bandgap Polymers for High-Performance Organic Photovoltaics Ioannis MOUTSIOS 
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P80 Study of the ferroelectric and dielectric properties of PVDF-based tetrapolymers. Vasiliki GEORGOPOULOU 
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This lecture highlights three recent successful stories from our laboratory that illustrate how precise synthesis 

transforms fundamental concepts into functional materials.  

The first story revisits the synthesis of perfectly linear polyethylene analogues. Using a novel initiator 1,5-(bis-

borinane)pentane and highly purified monomer, we were able to reduce branching below 0.04%, yielding α,ω-

hydroxy polymethylenes with crystallinity near theoretical limits (~99%), confirmed by advanced NMR and X-

ray analyses.1,2  

The second story introduces fully aromatic-substituted polymethylenes, a long-sought class of carbon-chain 

polymers bearing functional groups on every backbone carbon. Through two controlled C1 polymerization 

routes, carbenium-initiated and Ni(acac)₂-mediated, we achieved isotactic and syndiotactic 

poly(phenylmethylene)s with tunable stereoregularity and properties, establishing a new paradigm beyond 

conventional polyolefins.3  

The final story presents a metal-free, one-pot route to biodegradable ABA triblock polyesters from ε-

caprolactone, δ-valerolactone, and L-lactide. These materials combine exceptional toughness (62.8 MPa, 

2200% elongation), thermal stability, and enzymatic degradability, outperforming many petroleum-based 

elastomers.4  

Together, these successful stories illustrate the harmony of precision, creativity, and purpose that defines the  

beauty of polymer chemistry.   

 

References   

[1] Patil N., Albarbari N., Hadjichristidis N., A linear α,ω-hydroxy terminated polyethylene with high crystallinity 

synthesized by using a novel boron initiator, US patent: application 2025, number 4053.279USP1.  

[2] Patil N., Albarbari N., Hadjichristidis N., Perfectly linear α,ω-hydroxy-terminated polyethylene with near-ideal 

crystallinity, Angew. Chem. Int. Ed., 2025, under revision.  

[3] Xu J., Liu J., Hadjichristidis N., Programmable stereoregular fully aromatic-substituted polymethylenes, 

submitted.   

[4] Xu J., Liu J., Hadjichristidis N., Biodegradable, Biocompatible, BioSource Metal-Free Super Tough/Super 

Elastic Thermoplastic Elastomer (Application Number: KAUST ref# 2025-043). Corresponding MS, submitted.  

  



POLYCONF 15 

 

15th Hellenic Polymer Society Conference 
3 - 6 December 2025, Patras, Greece 

15 
 

Synthesis, Characterization and Self-Assembly of Linear and Non-Linear 
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The microphase separation of polymers with complex architectures is  of great interest for scientists during the 

past decades. The topological constrictions that derive from the complexity of the architectures led 

Avgeropoulos group into the synthesis of dendritic copolymers and terpolymers in order as to study how the 

introduction of more junction points along with the symmetry of the dendritic polymers can affect the 

selfassembly of such molecules.   

Dendritic polymers are materials exhibiting unique attributes which make them useful in many applications such 

as photo induced energy and electron transfer systems, catalysts, hydrophobic conjugates when coupled with 

proteins, hydrophobic or hydrophilic membranes, sensors of metal ions with strong signal amplification, 

coatings, thin films, etc.  

A very thorough and analytical study of the synthesis, molecular characterization and theoretical results of 2nd 

generation dendritic homopolymers, copolymers and terpolymers will be discussed.    

A comparison is given for the self-assembly derived by linear terpolymers and miktoarm stars consisting of the 

same polydienic arms together with polystyrene. The effect on the final adopted morphology is evident, 

indicating the massive effect of the architecture for the studied materials [1-9].  
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Stimuli-degradable polymers possess important advantages in polymer waste management allowing the on-

demand main-chain polymer degradation using certain external stimuli. Among the different triggers proposed 

to cleave the polymer bonds, light has emerged as a particularly attractive stimulus to induce a photo-

mediated main chain polymer degradation, because of its tunable intensity and wavelength and noninvasive 

nature [1]. In this talk, we will discuss two novel, main-chain, stimuli-degradable polymer families as proof-of-

concept studies to improve polymer sustainability. First, soft, transparent, photodegradable, and thermo-

reversible polymer gels, comprising PEG as the elastic strands, that undergo degradation upon exposure to 

light, will be presented [2]. Mechanistic studies revealed a chemical recycling process to obtain the initial 

reagents as the main photoproducts, enlightening the mechanism of network reformation upon heating the 

system at mild temperatures, as verified by shear rheology experiments . The hydrogels successfully 

underwent reversible photodegradation and reformation upon heating, restoring the initial mechanical 

properties of the polymer network and thus revealing the reprocessability of the system. In the second part, 

photo- and acid-degradable poly(acylhydrazones) synthesized via a step-growth reaction of dicarbonyl and 

diacylhydrazide comonomers is presented [3]. The photo-sensitivity of the synthesized polymers to light was 

verified by irradiation studies in aqueous solution, while a mechanistic study shed light on the 

photodegradation mechanism and the produced photoproducts.   
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Branched polymers are an intriguing class of macromolecules demonstrating different physicochemical 

properties compared to their linear counterparts. Due to their branched macromolecular structure they can offer 

advantages in several applications, like better encapsulation properties and enhanced colloidal stability.  

In this communication we present results from the synthesis and self -assembly properties of i) hyperbranched 

double hydrophilic statistical copolymers composed of 2-(N,N-dimethylamino) ethyl methacrylate and 

oligoethylene glycol segments (HB-P(DMAEMA-co-OEGMA))1 and ii) amphiphilic copolymers with 

hyperbranched hydrophobic poly(lauryl methacrylate) cores and hydrophilic poly[2-(N,N-dimethylamino) ethyl 

methacrylate linear outer coronas (HB-PLMAcorePDMAEMAshell). The copolymers were synthesized by 

reversible addition−fragmentation chaintransfer (RAFT) polymerization one-step and two-step schemes, and 

showed considerable structural homogeneity despite their complex molecular architectures. The HB-

P(DMAEMA-coOEGMA) copolymers were found to be pH- and thermo-responsive in aqueous media. They 

were also efficiently complexed with DNA forming nanoscale polyplexes as well as with anionic surfactants 

forming amphiphilic nanoparticles able to encapsulate hydrophobic compounds. The HB-PLMAcore-

PDMAEMAshell copolymers formed spherical micelles and vesicles depending on their composition as indicated 

by light scattering and cryo-TEM imaging techniques reminiscent of the behavior of simple diblock copolymers.  

The results show the ability of RAFT polymerization to create novel branched polymers able to self or co-

assemble in various nanosized supramolecular structures with other molecular entities which in turn could be 

efficiently utilized in nanomedical applications.  
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Vitrimers represent a new class of dynamic cross-linked polymers combining the robustness of thermosets with 

the processability and recyclability of thermoplastics.1 Most systems studied to date lack structural precision, 

limiting fundamental understanding and practical optimization. The development of well -defined (model) 

vitrimers is essential for establishing structure– property relationships in dynamic covalent networks. In this 

work, we present the design, synthesis, and comprehensive characterization of well-defined polyisoprene (PI) 

vitrimers synthesized by the reaction between α,ω-dialdehyde-functionalized PI and tris(2aminoethyl)amine 

(Scheme 1). Anionic polymerization using high-vacuum techniques was employed for the synthesis of α,ω-

dihydroxy-functionalized PI, followed by suitable transformation reactions. Controlled molecular weights 

between cross-links (Mc) enable the systematic investigation of topology, dynamics, and relaxation mechanisms. 

Advanced structural and dielectric characterization revealed nanophase segregation of cross -linker clusters, 

providing direct microscopic evidence of the vitrimeric topological transition (Tv).2,3 The combination of tunability, 

robustness, and reprocessability marks polyisoprene vitrimers as a model platform for advancing sustainable 

polymer technologies, leading to industrial application in elastomers, coatings, membranes, and circular-

materials design.4  

 
Scheme 1. Synthesis of PI vitrimers via reversible bond exchange reaction (imine bonding).  
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Triblock terpolymers (TTPs) have garnered significant interest due to their ability to form diverse self -assembled 

morphologies influenced by molecular architecture and design parameters. Unlike diblock copolymers, TTPs 

incorporate an additional block that enhances structural complexity and enables access to hierarchical 

nanostructures. This study examines the bulk and thin film morphologies of three linear TTPs comprised from 

polystyrene (PS), polybutadiene (PB1,2 or PB1,4), and polydimethylsiloxane (PDMS), with varying molecular 

weights and block sequences. Additionally, block sequence (ABC, ACB, BAC) and FloryHuggins intersegmental 

interaction parameters (χ) govern the self assembly process while frustration exists. Moreover, frustrated 

systems (e.g., ABC or BAC with high χAB) yield complex morphologies like core-shell cylinders, spheres, and X-

in-Y structures not seen in nonfrustrated ACB systems. Molecular characterization via SEC and ¹H-NMR 

confirmed the high chemical homogeneity and identified the microstructure composition of the polydiene 

segments. Bulk sample studies exhibit gyroid, lamellar, and disordered gyroid-like structures, confirmed through 

TEM and 1-D SAXS experiments, while thin films undergo morphology transitions driven by film thickness,  

annealing conditions, and surface/interface interactions. DPD simulations reveal core-shell connectivity and 

support experimental observations derived from SEM experiments after subsequent RIE procedures. Surface 

modification using a polyvinyl alcohol (PVA) topcoat mitigates PDMS wetting effects and promotes vertical 

alignment. These findings offer strategies for precise morphology control in PDMS-containing TTPs, paving the 

way for advanced nanofabrication applications.  
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A combination of Coordination and Ring Opening Metathesis (ROMP) polymerizations was employed for the 

synthesis of polymer brushes based on polyisocyanates, adopting the macromonomer methodology. The half –

titanocene alkoxide complex [CpTiCl2(O-NBE)] was initially synthesized and used for the Coordination 

Polymerization of various isocyanates, including Hexyl (HIC) and Phenylethyl (PEIC) Isocyanates, leading to 

the respective homopolymers (PHIC–ONBE and PPEIC–ONBE) along with statistical copolymers [P(HIC-

coPEIC)–ONBE] bearing in all cases a norbornenyl end-group. These macromonomers were subsequently 

polymerized to afford brush structures via ROMP employing Grubbs’ first generation catalyst. Brushes having  

backbones with varying degrees of polymerization were successfully synthesized. All the products were 

characterized by Size Exclusion Chromatography (SEC), Nuclear Magnetic Resonance (NMR) and infrared (IR) 

spectroscopies. Their solution and thermal properties were examined using a variety of characterizat ion 

techniques.  

 

Figure 1. Synthesis of Macromolecular Brushes based on Polyisocyanates.   
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Structured diblock copolymer liquids characterized by glass transition temperatures significantly below room 

temperature, demonstrate the ability to form well-ordered topologies, attributed to their low dispersity indices 

(Đ) and relatively high Flory-Huggins interaction parameter (χ) between the chemically distinct blocks involved.1 

In this study, a comprehensive exploration of synthesized copolymers was carried out. The main focus included 

the molecular and thermal characterization, and elucidating the structure/properties relationship of two types of 

polydiene-b-polysiloxane copolymers by manipulating the monomer ratio during synthesis.1 Our investigation 

highlights the self-assembly behavior under variations in the molecular characteristics (volume fraction, degree 

of polymerization) of the constituent blocks, probing the limits of phase transitions. Furthermore, their behavior 

at elevated temperatures, including order-disorder transition (TODT) with direct dependence on the total number 

average molecular weight was explored. The χ parameter was calculated by examining temperature dependent 

SAXS measurements for different molecular weight materials. The diversity in molecular characteristics, 

coupled with the capacity to design and synthesize block copolymers exhibiting well -ordered phases spanning 

spheres, cylinders, lamellae, and network structures, holds significant promise for applications in 

nanotechnology, particularly in soft electronics and neurointerfaces. Moreover, the inherent properties of these 

copolymers, including thermal stability, hydrophobicity, and flexibility, position them as compelling candidates 

for stretchable and/or wearable applications.  
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Soft matter self-assembly holds a key role in the formation of intricate nanostructures for various applications 

such as photonic materials and selective membranes. Anionic polymerization enables the synthesis of well -

defined copolymers which are then used as platform materials for the above-mentioned applications. Network-

like morphologies showcase advanced mechanical, optical, and transport properties but are adopted on rather 

limited areas in the block copolymer phase diagram. Specific copolymer systems can form three-dimensional 

(3D) nanostructures over a range of molecular characteristics. Polystyrene-b-poly(dimethylsiloxane) (PS-b-

PDMS) linear and non-linear copolymers form cubic structures such as double-gyroid, double diamond, double 

primitive and Frank-Kasper-like network phases as indicated in the relative literature unravelling their potential 

for several advanced applications [1-2]. The detailed nature of a periodic structure in terms of topology and 

geometry in these highly segregated copolymers is severely affected by volume fraction ratio, architecture 

complexity and processing parameters during bulk and/or thin films preparation. Conventional morphologies 

are well elaborated using the gold standard real- and reciprocal-space characterization techniques such as 

transmission electron microscopy (TEM) and small angle X-ray scattering (SAXS). Diverse hierarchical 

structures showcasing 3D networks require the use of threedimensional reconstruction techniques such as 

focused ion beam-scanning electron microscopy (FIB-SEM) and electron microscopy (EM) tomography which 

decipher the origins of self-assembly. Our aim is to establish the structure/property relationship of linear and 

sophisticated non-linear star block copolymers with different number of arms and to provide a systematic, high-

resolution examination of tubular network phases in terms of order and defects formation which are desirable 

for next-generation condensed material systems.   
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A combination of radical-mediated Reversible Addition–Fragmentation Chain Transfer (RAFT) polymerization 

and stannous octoate (Sn(Oct)₂)-catalyzed Ring-Opening Polymerization (ROP) was employed for the 

synthesis of poly(lactide)-grafted copolymers, utilizing both “grafting from” and “grafting onto” strategies. Initially, 

amphiphilic statistical copolymers of Nvinylpyrrolidone (NVP) and 2-chloroethyl vinyl ether (CEVE) were 

successfully synthesized via RAFT polymerization, overcoming the intrinsic challenges  associated with the 

radical polymerization of vinyl ethers. Post-polymerization modification of the pendant chlorine groups enabled 

their conversion to hydroxyl or azide functionalities, rendering the P(NVP-stat-CEVE) copolymers suitable 

macromolecular scaffolds for further functionalization. The hydroxyl groups served as initiating sites for the ROP 

of L-lactide (LLA), leading to the formation of PLLA-grafted copolymers via the “grafting from” approach. In 

parallel, D,L-lactide (DLLA) was polymerized using propargyl alcohol as an initiator, affording alkyne-terminated 

PDLLA homopolymers. These were subsequently conjugated to the azide-functionalized P(NVP-stat-CEVE) 

backbone through copper(I)-catalyzed azide–alkyne cycloaddition (CuAAC) “click” chemistry, resulting in well-

defined PDLLA-grafted copolymers via the “grafting onto” strategy. All copolymers were thoroughly 

characterized by Size Exclusion Chromatography (SEC), Nuclear Magnetic Resonance (NMR) spectroscopy, 

and a variety of complementary techniques, including light scattering techniques and thermal analysis.  

  

 
Figure 1. P(NVP-stat-CEVE) based Poly(Lactide)-Grafted Copolymers.  

  

References 

[1] Plachouras, NV. Pitsikalis, M. Polymers 15 (8) (2023) 1970.  

  



POLYCONF 15 

 

15th Hellenic Polymer Society Conference 
3 - 6 December 2025, Patras, Greece 

24 
 

Nanostructured materials as drug delivery vehicles to treat cancer, 

cardiovascular and other diseases  

Hermis Iatrou1, Iro Kyroglou1, Dimitrios Skourtis1, Iren Stavrakaki1, Christina Varfi1, 
Konstantinos Dimas2, Dimitris Vlassopoulos3, Iordanis Mourouzis4 

 
1National and Kapodistrian University of Athens, Department of Chemistry, Panepistimiopolis, Zografou, 

15771, Athens, Greece – Email: iatrou@chem.uoa.gr 
2Department of Pharmacology, Faculty of Medicine, University of Thessaly, Larissa, Greece   

3FORTH, Institute for Electronic Structure and Laser, Heraklion 71110, Greece and Department of Materials 
Science & Technology, University of Crete, Heraklion 71003, Greece 

4National and Kapodistrian University of Athens, Division of Pharmacology, Medical School,  Panepistimiopolis, 
Zografou, 15771, Athens, Greece. 

 

Novel, multifunctional nanoparticles and hydrogels that exhibit a unique set of properties for the effective 
treatment of cancer are presented. The materials are comprised of polypeptidic and polyethylene oxide polymers 
that are a non-cytotoxic polymer. The amphiphilic hybrid materials assemble in aqueous media to form micelles 
or vesicles, comprised of an outer hydrophilic corona of PEO chains, as well as a pH- and redox-responsive 
hydrophobic core. Dynamic light scattering, static light scattering, and Transmission Electron Microscopy were 
utilized to obtain the structure of the nanoparticles. Moreover, the pH- and redox-responsiveness in the presence 
of the reductive tripeptide of glutathione (GSH) was investigated at the empty as well as the loaded 
nanoparticles. The ability of the synthesized polymers to mimic natural proteins was examined by Circular 
Dichroism, while the study of zeta potential revealed the “stealth” properties of nanoparticles. The anticancer 
drug doxorubicin (DOX) was efficiently encapsulated in the hydrophobic core of the nanostructures. Finally, in 
vitro cytotoxicity assay of the DOX-loaded NPs against three different breast cancer cell lines showed that the 
nanocarriers exhibited better activity as compared to the free drug, rendering these novel nanoparticles very 
promising materials for drug delivery applications.  

Hybrid-polypeptidic materials formed injectable in situ forming quickly self -healing hydrogels, responsive to 
alteration of pH and increase of temperature. The connection between the alteration of the secondary structure 
of the polypeptides with the viscoelastic behavior was revealed using Rheology and Circular Dichroism. Small-
angle neutron Scattering and Scanning Electron Microscopy were employed to shed light on the structure of the 
polymers and how it affects their rheological properties. The results suggest that these biomaterials have the 
potential to be used in several bioapplications such as drug delivery.  
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Poloxamers, also often called Pluronics, are synthetic, nonionic triblock copolymers consisting of a central 

hydrophobic poly(propylene oxide) chain (PEG) and flanked by hydrophilic poly(ethylene oxide) (PPO) 

segments. Due to their amphiphilic nature, they have the ability to spontaneously form micelles in aqueous 

solutions and undergo thermoreversible sol-gel transition. A key property is the ability to gel upon increasing 

temperature. Their specific rheological properties, non-toxicity, and biocompatibility make them widely used in 

drug delivery systems, in situ gelling formulations, and in tissue engineering.  

The aim of the study was to optimize the method for preparing hydrogels based on Pluronic F127 and Kolliphor 

407 using two different solvents: water and phosphate buffer (PBS). The effect of polymer solution concentration 

and mixing on gelation temperature was assessed. The gelation time of poloxamer solutions was then 

determined, and the properties of the obtained hydrogels were characterized.  

It was found that the optimal poloxamer gel for further biomedical applications is the one based on Kolliphor 

407 with a concentration of approximately 18-20%, especially when prepared in phosphate buffer. The gelation 

temperatures of these solutions are below body temperature and are further reduced when the solution is stirred. 

This allows for relatively easy injection of these solutions into the body and in situ gelation. Furthermore, the 

use of phosphate buffer as a solvent improves the biocompatibility  of the resulting hydrogels and increases their 

adhesiveness. These materials degrade by approximately 80% within 40 hours, making them an excellent 

candidate for carrying active substances that will be gradually released inside the body.  
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Platinum-based chemotherapeutics have revolutionized cancer treatment, yet their clinical use is often limited 

by systemic toxicity and drug resistance. This study explores the complexation mechanism of oxaliplatin (OX), 

a platinum(II) anticancer drug, with poly(L-histidine) (PHIS) to 

develop a pH-responsive nanoparticulate delivery system.1 PHIS, 

with its imidazole side chain (pKa ~6.5), provides pH sensitivity 

and coordinates with metal ions such as Pt2+,2 enabling selective 

solubility and drug release in tumor microenvironments.  

Nanoparticles featuring a poly(ethylene oxide) (PEO) corona and 

a PHIS core were synthesized3, chemically encapsulating OX as 

an oxidized Pt(IV) prodrug. The unprotonated imidazole nitrogen 

of PHIS binds Pt(II) to form a Pt(IV) adduct, which dissociates 

under acidic conditions to release the active Pt(II) drug, 

demonstrating controlled, acid-triggered release. Mechanistic 

insights from Density Functional Theory (DFT) analyses revealed the molecular basis of complexation, while 

circular dichroism (CD) showed that PHIS initially adopts a β-turn type I conformation4, transitioning to 

antiparallel β-sheets upon complexation. Comprehensive studies using Nuclear Magnetic Resonance (NMR), 

Dynamic Light Scattering (DLS), Zeta Potential (ZP), and Inductively Coupled Plasma Mass Spectrometry (ICP-

MS) confirm that these PHIS-based nanoparticles can deliver oxaliplatin in a controlled, pH-responsive manner, 

offering a promising strategy to enhance therapeutic efficacy while minimizing systemic toxicity.  
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Background. Pancreatic duct adenocarcicnoma (PDAC) is a highly aggressive cancer with a highly heterogenic 

and desmoplastic tumor microenvironment (TME). Among the various approaches to overcome PDAC TME 

hallmarks is the combinational application of antitumor agents and photothermal effect. The rat ionale of PTT 

therapy is highly promoted by graphene materials that induce local hyperthermia. Methods. In this research, 

different types of graphene substrates have been stabilized in colloidal suspensions by PLA(5 kDa) -b-mPEG(5 

kDa) copolymers for the delivery of Paclitaxel (PCT). Results. The physicochemical propertied have been fully 

characterized and the release profile of PCT has been studied in biorelevant media without and under the effect 

of NIR laser. NIR-induced cellular uptake was observed for the graphene nanoparticles. The in vitro cytotoxicity 

against PANC1 PDAC cells was affected by the type of graphene substrate and the applied NIR doses. The 

effect of the PCT-loaded graphene nanoparticles on the apoptotic cell death and the metastatic potential were 

dependent on the graphene substrate and NIR application. The application of graphene nanoparticles in 

combination with NIR laser in PC3 prostate tumor-bearing animal models resulted in substantial inhibition of the 

tumor volume. Conclusions. The surface stabilization of graphene substrates resulted in highly biocompatible 

nanoparticles. The combined PCT and NIR effect highly promoted PANC1 cytotoxicity with IC50 values 

expressing a statistically significant decrease. The curcumin-graphene substrate resulted in PCT-loaded 

nanoparticles with elevated regulation of late apoptotic cells and limited metastatic potential, while the in vivo 

application in animal models resulted in superior therapeutic outcome.  
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Xanthan gum (XG) and diethylaminoethyl dextran (DD) electrostatic nanocomplexes (NCs) are fabricated in 

both the native (NCs) and thermally denatured state of XG (den-NCs). Through the analysis of dynamic and 

static light scattering (DLS/SLS), as well as transmission electron microscopy (TEM), distinct spherical NCs with 

average hydrodynamic radii and radii of gyration ranging from 100 to 200 nm at charge ratios (CR=[ -]/[+]) of 0.4 

to 5 are observed. The size of the NCs tends to increase at CR>1, potentially due to the formation of intrinsic 

XG-XG double helices. The shift in surface potential from positive to negative between CR 1 and 1.25 indicates 

stoichiometric neutralization. These NCs maintain stability for a period exceeding one month without signific ant 

aggregation. Analysis using fluorescence (FS) with pyrene and ANS suggests the presence of hydrophobic 

regions within the NCs, attributed to the ethyl groups of DD, which makes them suitable for encapsulating 

hydrophobic substances. Native NCs show high loading efficiency (~48%) and capacity (~19%) for β-carotene 

at CR values of 0.4 and 2.5, with den-NCs displaying lower encapsulation capabilities. Interaction with porcine 

gastric mucin (PGM) in PGM solutions is confirmed through NC-PGM aggregation. Mucoadhesive properties 

are examined using mucus-mimicking PGM-immobilized alginate beads, demonstrating that positively charged 

NCs exhibited greater mucoadhesion compared to negatively charged NCs. Overall, XG/DD NCs present 

customizable characteristics that are promising for drug delivery applications, showcasing notable stability, 

encapsulation efficiency, and mucoadhesive capabilities.  
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Many anticancer drugs, including paclitaxel (PTX), suffer from poor water solubility, which limits their 

bioavailability and requires innovative delivery strategies. Polymeric nanoparticles offer a promising solution, 

but the complexity of these systems and the variety of potential drug– polymer combinations present significant 

challenges for their characterization and rational design.1 In this study, we employed NMR spectroscopy to 

investigate the molecular interactions and structural properties of PTX-loaded polymeric nanoparticles. 

Poly(ethylene oxide)-bpoly(glutamate-hydrazide) (PEO-b-P(LG-HYD)) was modified with levulinic acid (LEV), 

and PTX was conjugated to the resulting linkers.2 Additionally, poly(ethylene oxide)-b-poly(Lhistidine)-b-

poly(glutamate-HYD-LEV) was studied to explore the effect of pH-responsive poly(L-histidine) on nanoparticle 

assembly and drug release. Hydrophobic interactions drive nanoparticle formation, while poly(ethylene oxide) 

chains maintain solubility.3 Controlled PTX release is enabled under acidic conditions due to the pH-

responsiveness of both the imidazole and the hydrazone bond. The high complexity of these nanosystems 

necessitated collaboration with CERIC-ERIC’s Slovenian Partner Facility at the National Institute of Chemistry 

(Kemijski inštitut), experts in NMR spectroscopy. Using their powerful 800 MHz magnet, we obtained detailed 

insights into intermolecular interactions and diffusion parameters, elucidating the molecular mechanisms of PTX 

conjugation and guiding the rational design of more efficient drug carriers. These findings provide a foundation 

for improving cancer treatment by reducing side effects and enhancing therapeutic efficacy.  
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In this work Molecular Dynamics simulations were employed to examine the ability of multilayered Graphene-

Oxide-based membranes to control water permeability and separation of monovalent and multivalent ions 

present in saline water. Poly(ethylene imine) and amino-acid functionalized models were simulated under non-

equilibtium conditions, to approximate experimentally realizable arrangements. Mechanical pressure and 

electric field were used as external stimuli to mimic conditions met at actual reverse osmosis and electrodialysis 

processes. The roles of the type and of the degree of functionalization of the Graphene-Oxide flakes in the 

membranes‘ performance was examined in detail. Description of the microscopic mechanisms related to the 

membranes’ water and ion flux, allowed the assessment of the contribution of different factors involved in the 

water permeability and the ion separation processs, providing new insight towards the fabrication of membranes 

with improved performance.         
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Facilitated transport membranes (FTMs) make use of active carrier sites that provide enhanced diffusion of CO 2, 

and are therefore able to exceed the so-called Robeson upper bound pairing high gas permeance and CO2/N2 

gas selectivity.1 Polyvinylamine (PVAm) is one FTM polymer making use of both fixed site carriers and mobile 

carriers for further improvements in CO2 permeability and selectivity. However, FTMs can suffer from issues like 

poor mechanical stability and reduced gas permeability performance with decreasing film thickness. To reinforce 

the membrane two graphene hybrids were synthesized using exfoliated graphene (G) and GO as a basis and 

decorated with triethylene glycol (TEG) and N-(2-Hydroxyethyl)ethylenediamine (EDAOH) functional groups.2 

The additives were tested as nanofillers with various loadings in  

PVAm matrices for CO2 and N2 gas permeability using humidified mixed gas. MMMs using GTEG filler particles 

resulted in improved CO2/N2 selectivity, while GO-EDAOH fillers improved both CO2 permeability and CO2/N2 

selectivity compared to neat PVAm.   
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The concept of structural battery (SB) presents great potential for achieving substantial weight and volume 

reduction in electrified transportation. By employing dielectric spectroscopy we report the presence of both ionic 

and electronic conductivity through-the-thickness of unidirectional electrode laminas for SBs. Specifically, the 

ionic conductivity, facilitated by the ions diffusing through the structural battery electrolyte, is reminiscent of that 

found in freestanding structural battery electrolytes and increases with a higher content of the ionconducting 

phase. On the other hand, the through thickness electronic conductivity is dictated by the size of the 

electronically insulating electrolyte regions and the inter-fibre contact points forming an interconnected carbon 

fibre network. After galvanostatic cycling, we show that the fully -delithiated electrode lamina exhibits enhanced 

ionic conductivity, indicating the presence of open microcracks, formed due the extensive expansion/contraction 

of the carbon fibres upon charging/discharging. [1]   

In the second part, the investigation and identification of the optimal SB electrolyte composition, offering the 

best combination of high ionic conductivity and mechanical stiffness, will be presented. In this work, [2] structural 

battery electrolytes consisting of a protic ionic liquid, and a lithium salt are investigated. Upon confinement, a 

decrease in the glass transition temperature of the confined ionic liquid and weaker intermolecular interactions 

are observed, which correlate to faster local dynamics.[3] The composite sample with 50 wt% of the liquid 

electrolyte shows an ionic conductivity of ≈0.1 mS cm−1 with a shear storage modulus of ≈150 MPa and was 

thus selected for proof-of-concept tests by electrochemical methods. [2] In the last part, a thorough 

physicochemical characterization in mixed ionic liquid based electrolytes and their suitability for energy storage 

applications will be presented. [4] 
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Humidity and gas sensors are a vital part of our daily life. They are implemented in a wide range of applications, 

including environmental monitoring, industrial processes, and household systems, where fast and accurate 

reading provides essential information about harmful gases and humidity levels which can have detrimental 

effects [1]. In addition, energy storage plays a critical role in new technologies, with supercapacitors offering 

significant advantages compared to conventional storage devices, including rapid charge discharge times, 

exceptional power density and prolonged lifecycle [2]. Thus, producing versatile electrode materials that can be 

adapted in both applications as sensors and energy storage is of great interest. For those reasons, novel 

nanocomposite electrodes have been developed by employing a 3D printing approach. Specifically, the 

polymeric matrix polylactic acid (PLA), along with the nanofiller multiwall carbon nanotubes (MWCNTs), were 

blended through melt mixing and a single-screw extruder, and their mechanical and electrical properties were 

evaluated. Then, the extracted filament was introduced into a Fused Deposition Modeling (FDM) 3D printer, and 

interdigitated electrodes were printed over a PLA thin substrate, to ensure flexibility. To test its sensing 

capabilities, thin coating of polyvinyl alcohol (PVA) was applied, followed by graphene oxide (GO) drop-cast. 

This sensor provided a remarkable capacitive sensitivity to relative humidity (RH) of 300 pF/%RH, as well as 

fast response and recovery times recorded at 60 s and 42 s, respectively [3]. Additionally, the normalized 

response to ammonia sensing was monitored at 334% at 200 ppm, with sensitivity reaching as low as 75 ppm. 

Furthermore, the sensor provided multifunctional capabilities, detecting even the strain applied, achieving a 

maximum sensitivity of 34.2 at 50% RH within a strain range of up to 2%. Finally, a gel electrolyte comprising 

PVA/H3PO4 was applied to the 3D-printed electrodes, and the ability to act as a supercapacitor was investigated. 

Overall, this work provides insights regarding the promising application of 3Dprinted electrodes in various 

sections, including sensing and energy storage.  
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The development of organic semiconductors capable of efficient operation in the shortwave infrared (SWIR) 

region (>1000nm) represents a crucial step toward next-generation optoelectronic technologies for imaging, 

sensing, and communication. In this work, we present a new family of donor–acceptor (D–A) conjugated 

polymers specifically engineered for highperformance SWIR organic photodetectors (OPDs) and ambipolar 

phototransistors (OPTs). The polymers feature a thiadiazoloquinoxaline (TQx) derivative as the electron-

accepting core, coupled with a series of thiophene-based electron-donating units that differ in both the number 

and connectivity of thiophene rings, encompassing both fused and unfused architectures. This molecular design 

strategy enables systematic control over the polymers’ optical bandgap, electronic energy levels, and solid-state 

ordering.  

Comprehensive structural and morphological investigations were conducted using grazingincidence wide-angle 

and small-angle X-ray scattering (GIWAXS/GISAXS), atomic potential spectroscopy (APS), and transmission 

electron microscopy (TEM). These advanced characterization techniques provided detailed insight into the 

molecular orientation, crystalline domain structure, and nanoscale morphology of the polymer thin films. The 

correlations established between molecular structure, aggregation behavior, and thin-film packing elucidate the 

critical factors governing charge carrier transport and photophysical response.  

Devices fabricated using these polymers demonstrated strong and broad absorption extending deep into the 

SWIR region, along with balanced ambipolar charge transport characteristics. The optimized photodetectors 

exhibited high responsivity, low dark current, and excellent specific detectivity, while the corresponding 

phototransistors showed stable operation and efficient photoresponse under ambient conditions.  

This study highlights the importance of finely tuning donor–acceptor interactions and backbone planarity to 

achieve optimal molecular organization and electronic coupling. The structure– property–performance 

relationships established herein provide a clear molecular design roadmap for future SWIR-active organic 

semiconductors, advancing the field of organic infrared optoelectronics toward practical device applications.  
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While starting the second century of polymer science, the sustainability of polymers emerges as an unsolved 

problem. The increasing environmental pollution along with ineffective approaches, e.g., oxo-degradable 

polymers, have led to strict regulations on plastic waste management and to the design of polymeric structures 

more sustainable and/or more amenable to recycling. In this perspective, our group has been studying end-of-

life options for existing polymers including biobased ones and has been developing high-quality recycling 

depending on the material type, degradation extent of the plastic waste and the targeted new application. 

Remelting-restabilization and solid state polymerization have been examined for aliphatic polyesters (PLA, 

PBS) as approaches to safeguard against further degradation or even restore recyclate performance; re-

monomerization via solvolysis has been investigated for transforming post-consumer polyurethane into valuable 

raw materials. In order to enhance the sustainable-by-design character of polymeric materials, the group 

research activities also lie on: 1) the use of enzymes as biocatalysts in polycondensation reactions for the 

development of biobased polyesters and copolyesters, focusing on the pertinent engineering aspects. Key 

process parameters - monomer chemical structure, temperature, reaction time, solvent - influence the 

polymerization degree and monomer conversion, providing insights for optimizing reaction conditions and 

scaling up production, 2) design of biobased materials for mechanical recyclability by utilizing dynamic covalent 

chemistries. Transesterification-based vitrimers have been obtained with tunable insolubility and rheological 

properties through adjusting the crosslink density, targeting reworkable adhesives, self -healable coatings and 

high-performance composites. Our studies are expected to contribute to the development of polymers from 

renewable feedstocks with sensible end-of-life scenarios serving the design for a circular economy in polymer 

industry.  
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The increasing global demand for plastics, coupled with the urgent need for environmentally sustainable 

materials, has intensified research into recyclable alternatives within the framework of the circular economy. 

Polyethylene (PE), one of the most widely used polymers, is commonly modified via cross-linking to enhance 

its thermal stability, chemical resistance, and mechanical performance. However, conventional cross -linked PE 

(PEX) suffers from inherent recyclability limitations due to its permanent network structure.[1] In response to 

this challenge, the REDONDO project aims to develop a novel class of reversibly cross -linked polyethylene 

(rPEX) materials that retain the functional benefits of PEX while enabling recyclability. By introducing dynamic 

carbon–dithio (C–S–S) bonds, this approach offers a promising pathway toward sustainable, recyclable-by-

design polyolefin materials.   

In the present study, HDPE was cross-linked via reactive extrusion using Di(tertbutylperoxyisopropyl)benzene 

(Perkadox 14S) as a peroxide initiator in combination with tetramethylthiuram disulfide (TMTDS) as an 

accelerator. The process was carried out at 190 °C for 25 minutes, with torque monitored throughout the 

reaction. The extent of cross-linking was evaluated by measuring the gel content in accordance with ASTM 

D2765, yielding promising results with values reaching up to 70%. Structural and thermal characterization of 

the samples was performed using Fourier-transform infrared spectroscopy (FTIR) and differential scanning 

calorimetry (DSC), respectively.   
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The growing demand for sustainable, high-performance materials is driving the development of bio-based 

polymers as viable alternatives to petrochemical-derived systems. Polypeptides, with their tunable architectures 

and inherent biocompatibility, offer unique opportunities for designing functional materials. In this work, we 

present diblock copolymers composed of polyethylene oxide and polyhistidine as promising candidates for 

polymer electrolytes in energy storage applications. These systems were explored through two complementary 

strategies: an orthogonal approach, where lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) was directly 

incorporated into the diblock matrix, and blend formulations, where additional PEG/LiTFSI was introduced to 

create fast ion-conducting channels. In the orthogonal approach, the formation of nanostructured 

morphologies—arising from microphase separation of the constituent blocks— led to a pronounced decoupling 

between ionic conductivity and mechanical response. The mechanical behavior was governed by secondary 

structures formed within the polyhistidine domains. In the blend approach, the addition of PEG/LiTFSI increased 

ionic conductivity by more than one order of magnitude, while the mechanical response decreased by less than 

one order of magnitude. Importantly, the material retained a solid-like character. Collectively, these results 

demonstrate how molecular design in bio-derived polypeptide systems can be leveraged to balance ionic 

conductivity, thermal stability, and mechanical robustness. This study underscores the potential of polypeptide-

based electrolytes as sustainable building blocks for next-generation batteries.  
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Drops can move on both superhydrophobic and slippery surfaces. These two types of surfaces exhibit structural 

similarities, such as protrusions in the micro- and nanometer length scale. Superhydrophobic surfaces trap 

ambient air between the solid protrusions and the drop, whereas on slippery surfaces the solid texture is filled 

with an immiscible liquid, here referred to as “lubricant“. Perfluorinated solvents are common lubricants for this 

applicaiton. However, a slippery surface cannot be simply regarded as as superhydophobic surface where air 

is replaced by a different fluid. On slippery surfaces a wetting ridge is formed around the drop, which alters the 

drop’s shape. This ridge plays an important role in the collapse of drops to the high-friction Wenzel state. Static 

drop friction is typically lower on slippery surfaces, but kinetic friction is higher.  
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Microencapsulation, achieved through the formation of polymeric microcapsules with encapsulated healing 

agents, offers protection to sensitive molecules and enhances their activity. Thus, a targeted and controlled 

release of these compounds is obtained, increasing their effectiveness and minimizing side effects. The 

embedding of microcapsules in polymeric matrices leads to the development of innovative self -healing 

materials, improving their lifetime and stability in advanced applications 1.  

This work examines the design of polymeric microcapsules with a polyurea shell and activesubstance core 

synthesized through oil-in-water emulsion polymerization. The encapsulation of a variety of active compounds 

in the polyurea shell has been evaluated. These include small molecules (e.g., isophorone diisocyanate, 

hexamethylene diisocyanate) 2-3, vegetable oils (e.g., olive oil, castor oil, soybean oil) and functional copolymers. 

The parameters of reaction such as polymerization conditions (e.g., homogenization speed, temperature) and 

reactants’ ratio, which are crucial for the size and shape of microcapsules, are examined. A protocol is also 

developed for quantifying the encapsulated agent using Attenuated total reflection – Fourier transform infrared 

(ATR-FTIR) and Ultraviolet–Visible (UV-Vis) spectroscopies, depending on the encapsulated agent. In all cases, 

a detailed analysis of the effectiveness of the active compound encapsulation was performed, which 

demonstrated that the current methodology does not affect the activity in the MCs shells.  

The microcapsules developed are incorporated into polyurethane matrices (PUs) to evaluate their self -healing 

properties. Waterborne polyurethanes (WPUs) were used, which were synthesized based on the classic 

reaction of polyol with isocyanate. Polyols of variable chemical nature were used, resulting in different PUs 

structures, either pure PU or hybrid polyurethane/alkyd. The aqueous form of these matrices makes PUs more 

environmentally friendly, while maintaining the mechanical and chemical properties required for the 

development of composite polymer films. In some cases, satisfactory self -healing properties are observed, 

eventually triggered by external factors such as humidity and temperature.  
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The development of antifouling surfaces capable of reducing bacterial attachment and growth, thus providing 

antimicrobial functionality, has attracted increasing attention in recent years. In this work, polymer -based 

nanocomposite coatings were developed to introduce superhydrophobicity and water repellent behavior, 

thereby improving their resistance to fouling. This was accomplished by applying nanohybrid coatings 

composed of a hydrophobic polymer matrix enriched with additives such as Al2O3 and TiO2 nanoparticles, 

layered materials like Mxene, or their combination. [1] Surface wetting performance was assessed through 

measurements of static contact angle and contact angle hysteresis, while surface morphology was analyzed 

using Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM). Additionally, Energy 

Dispersive Spectroscopy (EDS) was employed to investigate the surface chemical composition. The nanohybrid 

formulations were fine-tuned to achieve optimal wetting behavior. For the optimized coating, a superhydrophobic 

surface with a contact angle above 150° and very low hysteresis (<5°) was successfully obtained. Furthermore, 

the durability of the coatings was evaluated under conditions of prolonged aging, thermal and chemical 

exposure, as well as mechanical abrasion. 
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Self-healing polymeric coatings represent a promising approach for extending material lifetime by autonomously 

repairing damage, thereby reducing waste generation and promoting sustainability [1]. Polymeric materials, and 

more specifically polyurethanes, comprise one of the most promising materials to use towards this direction [2]. 

Furthermore, the development of polymer nanocomposites based on the incorporation of nano-additives within 

a polymeric matrix is a widely used strategy to enhance their mechanical, thermal and self-healing properties 

[3]. In this work, we systematically investigate the self-healing properties in polycarbonate polyol-based 

waterborne polyurethane through the incorporation of three graphene derivatives -graphene oxide (GO), 

reduced graphene oxide (rGO), and partially reduced graphene oxide (p-rGO). The results reveal that small 

amounts of graphene derivatives enhance healing performance compared to neat polyurethane. The effect of 

the nanohybrid composition, the degree of reduction as well as of the different concentration of oxygen groups 

were evaluated in order to determine the mechanisms responsible for the observed improvement in the self-

healing performance. Among the studied derivatives, p-rGO provided the most pronounced improvement, 

attributed to the synergistic effect of efficient heat dissipation and residual oxygen groups enabling hydrogen 

bond formation.   
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 As plastic waste continues to accumulate in the environment, the development of materials that are sustainable 

by design has become increasingly important. Equally crucial are processing techniques that enable efficient 

fabrication with minimal waste and energy consumption. Additive manufacturing (AM), or three-dimensional 

(3D) printing, offers a versatile and precise approach to producing customized products while reducing material 

loss. In vat photopolymerization processes, UV-curable resins are typically based on acrylic acid–derived 

polyesters or polyurethanes. However, these resins can be volatile, toxic at low molecular weights, and derived 

from non-renewable sources, while also lacking recyclability.  

To address these limitations, we have developed biobased and recyclable unsaturated polyester resins suitable 

for digital light processing (DLP) 3D printing. The polyesters were synthesized based on itaconic acid, combined 

with other renewable monomers to achieve a high biobased content. The resins were evaluated for their 

photopolymerization and physicochemical properties, and the 3D-printed materials were characterized for 

thermomechanical performance. Incorporation of dynamic disulfide bonds enabled mechanical recycling 

through thermal reprocessing, with the recovered materials retaining favorable mechanical integrity—

demonstrating a promising route toward sustainable 3D printing materials.   
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Fused Filament Fabrication (FFF-3DP) is rapidly advancing among key industrial sectors, owing to its versatility, 

resource efficiency, and free-of-shape manufacturing capabilities. Multiscale composites have shown potential, 

due to enhanced interlaminar fracture toughness, driven by nano-, micro-scale interactions1,2. The challenge in 

combining FFF-3DP with multiscale composites stems from balancing printing quality, desired physicochemical 

(multifunctional) properties and manufacturing cost. This study investigates, the impact of combining nano- and 

micro-scale reinforcements into suitable feedstock material for FFF-3DP, emphasizing on the structure-process-

property relationship, evaluated at different levels (material-filament-specimen). A straightforward single-screw 

extrusion, dilution process is employed to manufacture micro-/nano-, ternary, PETG-based filaments, suitable 

for FFF-3DP. Physicochemical properties are characterized by Raman spectroscopy, thermogravimetric 

analysis and differential scanning calorimetry at filament level. Mechanical properties are examined at specimen 

level through thermomechanical and static mechanical testing. Furthermore, rheological testing revealed CNT-

promoted, polymer-filler interactions, through improved chain entanglement dynamics in the melt state, 

suggesting modified flow and network formation during extrusion. SEM fractography determined the specimen 

failure mode and fiber matrix interaction. Finally, the emergence of electrical conductivity at specimen level 

further supported the synergy between multi-scale reinforcements, envisaging towards employing high-

performance polymer matrices in multi scale composites directed to FFF-3DP by the aviation or automotive 

industry.   
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Polymers, owing to their light weight, processability, and tunable chemistry, represent a versatile platform for the 

design of next-generation multifunctional materials. By integrating nanostructured fillers such as graphene and 

related 2D materials, remarkable advances have been achieved in extending the functionality of polymers far 

beyond their traditional roles. Over the past decade, our group has focused on designing and developing 

graphene-polymer composites that effectively bridge the gap between nanoscale functionality and macroscopic 

performance. These materials exploit controlled filler dispersion, interfacial engineering, and hierarchical 

structuring to achieve outstanding combinations of mechanical reinforcement, electrical and thermal 

conductivity, barrier performance, and sensing capabilities. The talk will highlight recent progress in our group’s 

work on the synthesis, processing, and characterization of advanced polymer composites, including innovative 

nanolaminate architectures that alternate ultra-thin polymer films and 2D material layers. An important area of 

our research, for instance, is the development of ad-hoc tailored composite architectures, in which the fine 

control of filler distribution within the matrix allows for full exploitation of graphene properties. In fact, we have 

demonstrated that the sequential alternation of continuous graphene and ultrathin polymer layers in the 

nanolaminate architecture results in the remarkable combination of mechanical reinforcement and 

multifunctionalities, such as impressive EMI shielding behaviour, thermal conductivity and barrier properties. 

Particular emphasis will be given to tailored composite architectures for high-performance structural and 

functional applications, including lightweight fiber-reinforced systems for aerospace and automotive use. These 

materials not only exhibit improved toughness and damping behavior but also provide fire retardancy and 

environmental durability. Additional efforts on multifunctional polymer coatings and nanocomposite-based 

sensors for environmental and biomedical applications will also be discussed. Overall, our findings underline 

the transformative potential of advanced polymer composites as an enabling technology for multifunctional, 

sustainable, and high-performance materials in a wide range of industries.   
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Plastic recycling is one of the most critical environmental issues today. The large amounts of everyday discarded 

plastics, combined with their low biodegradability, make it essential to find practical solutions that offer both 

economic and environmental benefits. Although several plastic recycling methods have been developed and 

several researchers have recently addressed this issue, many problems still exist [1]. This paper examines 

current issues related to polymer recycling regarding their perspectives and limitations. Specifically, it explores 

topics such as:   

How easy and feasible is it to obtain monomers from the chemical recycling of polymers [2]? To what extent can 

the hydrocarbon mixture obtained from the thermochemical recycling of various polymers be used as biofuel?   

To what extent are there risks associated with plastic recycling due to the presence of toxic substances as 

additives?   

Can multilayer packaging be effectively recycled?   

Which types of polymers can various methods be applied to?   

Can they be used with polymer blends or plastics containing impurities?   

Is solvent-based recycling a promising alternative solution?  

All these issues are briefly examined and discussed.  

Finally, the role of thermal analysis in plastic recycling is presented either as a means to identify different types 

of polymers, or in developing methods that produce valuable compounds from waste plastics [3]. Three case 

studies are presented using real plastic wastes from packaging, WEEE and end-of-life vehicles.    
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The environmental persistence and transformation of synthetic polymers play a critical role in the formation of 

microplastics (MPs), nowadays recognized as emerging pollutants of global concern. This work presents an 

integrated overview of ongoing investigations into the degradation of common polymers and the biological 

impacts of virgin and aged MP fragments. Using UV-induced aging protocols, the structural evolution of different 

types of commonly used polymers (including polyolefins, polyesters, etc.) was  assessed through different 

characterization techniques such as FTIR, DSC, XRD, SEM, and Py-GC/MS. Significant oxidation, crystallinity 

changes, and shifts in pyrolytic markers were observed, offering insight into degradation pathways and 

analytical challenges in MP detection. Toxicity studies in Danio rerio, Perca fluviatilis, and Cornu aspersum 

revealed that MP characteristics, particularly size and oxidative state, strongly influenced oxidative stress, 

genotoxicity, and metabolic responses. Smaller and aged MPs consistently showed greater bioactivity, 

underlining the need to incorporate realistic environmental aging in ecotoxicological testing. These findings 

underscore the critical connection between polymer structure, environmental degradation behavior,  and 

downstream biological effects. Rather than treating MPs as uniform contaminants, this work demonstrates how 

their origin, physicochemical transformation, and material-specific properties govern their fate and impact.  
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The rapid increase of textile waste poses critical environmental challenges, necessitating sustainable strategies 

for resource utilization. In this study, an integrated bioprocess was developed to convert waste cotton textiles 

(WCT) into glucose-rich hydrolysates for bacterial cellulose (BC) production through mechanical pretreatment 

and enzymatic hydrolysis, with key process parameters systematically examined. A maximum glucose yield of 

94.4% was achieved at 30 FPU/g WCT using a 1:1 mixture of Cellic Ctec 3 and Viscoferm at 25 g/L substrate 

loading. The resulting glucose-rich hydrolysate was used as an alternative carbon source for BC production 

with Komagataeibacter intermedius 1034 in shake flasks. Compared to fermentations performed with 

conventional substrates (glucose, fructose, glycerol, and glucose-glycerol mixtures) and biodiesel-derived 

glycerol, the WCT hydrolysate-supported cultures, exhibited enhanced BC concentration (2.7 g/L), yield (0.15 

g BC/g initial carbon), and productivity (0.34 g/L/d). To further validate process scalability, BC production was 

carried out in a custom-designed rotating drum bioreactor (RDB). Polytetrafluoroethylene disks increased BC 

production by 45.4% compared to stainless steel disks. RDB fermentation using commercial glucose led to 2.1 

g BC/disk while fed-batch fermentation employing WCT hydrolysate maximized BC production to 3.2 g BC/disk. 

The FT-IR analysis of BC samples showed typical cellulose vibration bands. The crystallinity, surface 

morphology, and thermal profile were also investigated. The study outlines a circular bioprocess that transforms 

renewable feedstocks into high-value biomaterials through enzymaticmicrobial integration, supporting 

sustainable biopolymer production and advancing circular bioeconomy goals.  
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The thermal, viscoelastic, and dynamic properties of poly(n-butyl methacrylate) (PnBMA) vitrimer  
samples were investigated as a function of molar mass and crosslink density. The sample set includes a 
high molar mass series comprising the homopolymer, vitrimer precursor, and vitrimers with 1% and 5% 
crosslinking. Additionally, a low molar mass set was provided, in which the vitrimer contains 3% crosslinking. 
Thermal properties were investigated with Temperature-Modulated DSC, which revealed an increasing 𝑇g 

with vitrimer content. The local and segmental dynamics were investigated by DS. A failure of tTs for the local 

dynamics, as measured by DS, was due to the merging of α- and β-process. Additionally, we address the 
molecular origin of the different processes governing the vitrimer’s local and segmental motion, by following 
the apparent activation volume (accessible only via pressure-dependent DS measurements). Chain 
dynamics were investigated by rheology. Vitrimers exhibited an extended elastic plateau (phase angle, 
𝛿~1°) with an asymmetric shape, indicating an inhomogeneous distribution of crosslinks. The analysis of 

the 𝑇-dependent shift factors 𝑎T(𝑇) revealed a change from Williams-Landel-Ferry (WLF) to an Arrhenius 

𝑇-dependence at a crossover temperature 𝑇V . It was shown that 𝑇V / 𝑇g ~1.3 − 1.4. These findings emphasize 

the role of dynamic crosslinks in governing vitrimer relaxation and the difference in length and timescale. 

 
 
 
 
 
 

 

 

 

  

Figure 1. Master curves of the frequency-dependent storage 
(𝐺,-filled symbols) and loss (𝐺″-open symbols) moduli of 
homopolymer (blue), vitrimer precursor (orange), vitrimer with 
1% crosslinks (red), and vitrimer with 5% crosslinks (purple), 
for the high molar mass PnBMA all at the same reference 
temperature. Lines with respective slopes of 2 and 1, are 
used to obtain the terminal (flow) characteristic frequency. 
Crossed circles are used to indicate characteristic 
frequencies. 

Figure 2. Horizontal shift factors, 𝑎T, 

from the master curve in . plotted against 

𝑇 for the PnBMA vitrimer (53 𝑘𝑔 ∙ 𝑚𝑜𝑙-1, 
1% crosslink). The transition from WLF 
to Arrhenius behavior is identified by 
analyzing the 𝜒2 parameter (inset). The 
WLF fit (solid line) includes data in the 
green-shaded region, while the 
pronounced deviations are within the 
red-shaded region. 
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This study explores the synthesis of polyhydroxyalkanoates (PHAs), a family of microbial polyesters bearing 

similar physical and thermoplastic properties with polypropylene (PP) by a mixed microbial culture (MMC). The 

synthesis was conducted in a sequencing batch reactor (SBR), utilizing the effluent from a pilot-scale anaerobic 

hydrogen production reactor as the exclusive substrate. The reactor was fed with the liquid fraction of organic 

municipal waste— primarily fruit and vegetable residues collected from brown bins at the municipal level—to 

reduce operating costs and assess the effect of introducing new microflora through the substrate. The SBR 

operated under uncoupled carbon and nitrogen feast/famine cycles at 27 °C. Each cycle lasted 3–4 days, during 

which carbon and nitrogen were supplied sequentially. Nitrogen was added in the form of NH₄Cl at a 

concentration of 120 mg N/L, while the total carbon concentration was maintained at approximately 6000 mg 

COD/L.The enriched MMC was initially developed on a synthetic substrate simulating typical acidified effluents 

and was subsequently adapted to the hydrogen reactor effluent. Quantitative and qualitative monitoring of 

carbon and nitrogen consumption and PHA yield and composition was conducted. The resulting polyester was 

identified as poly(3-hydroxybutyrate) (PHB), achieving yields up to 2.9 g/L and a polymer content of up to 26% 

(w/w) of dry biomass. PHA composition was determined by gas chromatography (GC). At critical points in the 

operation of the reactor i.e., prior to the introduction of wastewater, during the adaptation phase, and following 

prolonged feeding, microbial community analysis was conducted. This analysis involved the extraction of total 

genomic DNA and the subsequent application of Next-Generation Sequencing (NGS) analysis.  The findings 

demonstrate the feasibility of valorizing low-grade anaerobic effluents for the sustainable production of high 

value-added biopolymers without additional pre-treatment. Moreover, the successful direct use of hydrogen 

reactor effluent highlights the potential for process integration within existing infrastructures and supports the 

scalability of this approach to municipal-level applications.  
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Peptides of poly(γ-benzyl-L-glutamate) (PBLG) show dynamic processes known from type−A and type−B 

polymers (according to Stockmayer). A series of PBLG peptides was synthesized, with a broad range of molar 

masses and different end-groups: from oligopeptides with high βsheet content, to polypeptides exclusively 

forming α-helical structures. By combining static (SAXS and 13C solid-state NMR) with dynamic probes (13C 

solid-state NMR, dielectric spectroscopy (DS) as a function of temperature and pressure, and rheology), we 

could identify distinct local and global dynamics associated with α-helices and β-sheets. The local dynamics 

reflect segmental relaxations of amorphous segments interrupting the α-helices/β-sheets and at their chain 

ends. As a result, two glass temperatures (Tgs) were identified in oligopeptides exhibiting both secondary 

structures. The higher Tg is associated with the segmental relaxation of β-sheets, indicating significantly more 

cooperative dynamics. This is the first report for βsheet-associated Tg in completely non-hydrated polypeptides. 

Differences in the dynamics between the two secondary structures were also evident in the fragility and their 

pressure dependence. β-Sheets stabilized by intermolecular hydrogen bonds, exhibited slower dynamics, a 

lower fragility, and a weaker pressure response. α-helices organized through intramolecular hydrogen bonds, 

showed a faster segmental process, a more fragile behavior and a higher pressure sensitivity. At longer times 

scales the relaxation of the α-helical and βsheet macrodipoles was also evident in DS. Peptides with different 

secondary structures have distinct viscoelastic signatures. α-helix-rich peptides, exhibited molar mass 

dependent mesh sizes, with moduli spanning the range of soft biological tissues. Conversely, β-sheet-rich 

peptides displayed compact, network structures with higher moduli (𝐺N
0 ~ 107 Pa) approaching load-bearing 

biological tissues and synthetic bone substitutes. Overall, polypeptide chain length and end-group chemistry 

can be employed to engineer α-helices and/or β-sheets, enabling deliberate control over the structural, 

dynamical, and viscoelastic properties.   
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We report on the biofabrication of flexible bioinks with encapsulated pre-osteoblasts and adipose tissue derived 

stromal cells (ADSCs) via extrusion bioprinting as osteochondral grafts with antibacterial properties. For this 

purpose, we designed bioinks containing functionalized bioactive glass (BG), combined with human ADSCs and 

an elastic polymeric matrix comprising gellan gum (GG) and polyvinyl alcohol (PVA). The prepared inks were 

examined for their printability, rheological properties, thermal behavior, crystallinity, water uptake and 

degradation rate in the presence of cells. The constructs were assessed biologically in vitro for their osteogenic 

and chondrogenic capacity, as well as for their antibacterial activity. The bioprinted constructs showed a printing 

accuracy of 65-75%, with the composite bioinks being higher. The bioinks demonstrated excellent capability 

regarding extrusion printability at extrusion pressures of 100 kPa, which is significant to ensuring high cell 

survival rates. Rheological analysis of the bioinks revealed 90% viscosity recovery. The gene expression of 

relevant osteogenic and chondrogenic markers, as well as the biochemical markers and the extracellular matrix 

molecules were significantly elevated in the composite bioink. The bioprinted constructs were implanted in a 

subcutaneous mouse model for two weeks, revealing the absence of adverse immunological reactions.  

Moreover, we report on a novel bioprinted breast cancer model (BCM) using a combined approach of two-

compartments to close mimic the stiffness and spatial structure of breast cancer using a crosslinked 

gelatin/alginate hydrogel with encapsulated 4T1 tumor cells with high metastatic potential, and the surrounding 

healthy tissue by integrating fibroblasts. By controlling the degree of crosslinking between the hydrogel 

components of the biomimetic extracellular matrix, we produce two compartments of different stiffness, 

replicating the central cancer part and the peripheral tumor microenvironment. The developed 3D bioprinted 

BCMs are designed to validate the effect of the ROCK inhibitor GSK269962A, which inhibits the migration, 

invasion and proliferation on the metastatic capacity of the embedded cancer cells that are relevant to human 

pathology. We demonstrate that the BCM replicates the treatment response, and inhibits the migration and 

proliferation of the 4T1 cells within the tumor microenvironment and at the interface with the physiological tissue.    
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Food packaging is essential to ensure an adequate stability of the product throughout its entire shelf life. 

Currently, multiwall polymers are the preferred choice due to their excellent mechanical and barrier properties 

against oxygen and moisture. Unfortunately, their recycling is difficult and costly, often becoming plastics of 

single use.[1] Understanding of the structural and dynamic properties of polymers is crucial to develop more 

sustainable alternatives. However, the computational modeling of these materials poses a great challenge due 

to the fact that their dynamics span over several time scales.[2] As a result, a multiscale approach becomes 

mandatory to gain access to the slower degrees of freedom. In this regard, coarse grained (CG) models have 

drawn considerable attention in recent years.[3,4] CG models neglect the fastest degrees of freedom flattening 

the rugged potential energy surface (PES) and thus, allowing higher time steps. In this work, a set of different 

coarse grained force fields (CG-FFs) are developed with the iterative Boltzmann inversion (IBI) for polyethylene 

terephthalate (PET) and its bio-based counterpart polyethylene furandicarboxylate (PEF). A systematic study of 

the effect of the choice of CG mapping scheme is carried out on the structural properties of these polymers. 
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To address the growing demand for recyclable and high-performance plastics, this study investigates the 

incorporation of vitrimer networks into a semicrystalline polymer—high-density polyethylene (HDPE). While 

vitrimers have been widely explored in amorphous systems, their influence on semicrystalline materials is 

especially compelling in terms of crystallization behavior, structural organization, and molecular dynamics. In 

this work, HDPE samples were modified with progressively increasing concentrations ( from 0 to 1 mol%) of a 

dynamic crosslinker, azidotriazine. Thermal properties were characterized using Differential Scanning 

Calorimetry (DSC). To assess the impact of vitrimer incorporation on structure and dynamics, we employed a 

complementary set of techniques. Specifically, structure was probed using Small- and Wide-Angle X-ray 

Scattering (SAXS/WAXS) and Polarized Optical Microscopy (POM), while DSC and Dielectric Spectroscopy 

(DS) were used to investigate dynamic behavior. This combined approach enables analysis across the three 

principal length scales of polyethylene morphology: the unit cell, lamellar architecture, and spherulitic domains. 

The main effects of vitrimer incorporation into HDPE can be summarized as follows:  

1. Vitrimer addition leads to a decrease in the degree of crystallinity.  

2. Vitrimers are primarily located in the amorphous domains, especially near the crystalline lamellae, in 

what is known as the restricted amorphous fraction (RAF).   

3. Increased crystal thickening is observed at lower temperatures, suggesting enhanced mobility within 

the restricted amorphous phase.   

4. The liquid-to-glass transition temperature of HDPE decreases, attributed to frustrated molecular 

packing.  
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Energy-autonomous clothing promises continuous, on-body sensing and communication without bulky batteries 

by integrating energy conversion and storage directly into textiles. This demands thin, flexible, and robust 

washable conductive architectures compatible with largearea, low-cost manufacturing. Laser-assisted 

graphene coating (e.g. GO reduction) enables maskless, digital patterning of conductive layers on heat -

sensitive polymers and fabrics via localized photothermal heating. It is solvent -free, rapid, roll-to-roll compatible, 

and preserves textile hand/porosity while delivering tunable conductivity and device geometries. In this work, 

we employ two industrial-grade laser sources operating in the near-IR and mid-IR. These were chosen for their 

scalability to large-area manufacturing and roll-to-roll (R2R) systems compatible with the textile industry. 

Following a systematic optimization of fluence, scan speed, pulse duration, and working distance, we 

established a protocol to produce graphene coatings on diverse polymer fabrics (polyester, polyamide) and 

carbon-fiber prepregs. Laser treatment yielded high-quality laser-reduced graphene oxide (LrGO) uniformly 

covering and strongly adhering to the substrates, as verified by Raman spectroscopy, X-ray photoelectric 

spectroscopy, optical microscopy, and SEM. Exploring different GO areal loadings identified ~1 mg·cm -2 as the 

optimal trade-off between reduction efficiency and substrate preservation. The coatings achieved sheet 

resistance as low as 8–10 Ω sq-1, surpassing most reported values for laser-reduced graphene on textiles. The 

process was then transferred to meter-scale continuous treatment on an R2R line equipped with an Nd:YAG 

laser, producing reproducible graphene-coated textile rolls with uniform quality and conductivity. This approach 

demonstrates the versatility of laser-assisted graphene synthesis from lab to industrial scale.   
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Fibre-reinforced polymer (FRP) composites have become necessary in a wide range of sectors due to their 
superior strength-to-weight ratio and design flexibility. However, the expanding use of FRPs has led to an 

increasing volume of end-of-life waste, most of which is still managed through landfilling or incineration. The 
recycling of advanced engineering materials is therefore critical, particularly for composites that are increasingly 
used in demanding structural applications [1]. Unlike metals, recycling of composites remains a major challenge, 
as it requires separating the polymer matrix from the reinforcing fibres without impairing their structural integrity. 
In this talk, we first introduce the field of FRP composite recycling, outline the currently available recycling 
technologies, and highlight the key challenges and opportunities in this area. Then, we present a recently 

developed thermally assisted, environmentally benign, and single-step recycling process for amine-cured, 
glass-fibre-reinforced [2] and carbon-fibre-reinforced [3] composites. The method employs hydrogen peroxide 
alone (35–50 wt%) under mild operating conditions (90 °C, atmospheric pressure). The treatment achieves up 
to 95% resin decomposition within 24–36 hours, yielding clean glass- or carbon-fibre fabrics that preserve more 
than 93% of their original tensile strength. Recovered fabrics were reused as -is to manufacture second-life 
composites using fresh epoxy resin, maintaining comparable flexural stiffness and showing moderate flexural 

strength reductions, primarily due to the loss of sizing during the hydrogen peroxide treatment. Additionally, the 
liquid decomposition byproduct, comprising low-molecular-weight aromatic and amide compounds derived from 
epoxy breakdown, offers potential for valorisation in new resin formulations. Overall, this scalable and reagent-
efficient approach represents a promising step toward sustainable recycling of high-performance FRP 
composites. 
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Molecular-based approaches for understanding and tailoring structure-property-processing relations in 

materials, based on the fundamental principles of quantum and statistical mechanics, have gained ground in 

academic research and industrial practice.  The broad spectra of length and time scales governing structure 

and dynamics in real-life materials have demanded the advancement of multiscale modeling strategies, 

involving several levels of representation, to bridge atomistic constitution and interactions with macroscopic 

properties.    

Particularly fascinating is the interplay between molecular architecture, molar mass distribution, processing 

conditions, morphology, and properties that one finds in semicrystalline polymers.  A quantitative understanding 

of these complex relations becomes imperative in designing semicrystalline polymeric materials with controlled 

mechanical and permeability properties for applications such as recyclable monomaterial packaging.  We have 

developed an atomistic simulation strategy to gain insight into the mechanisms that govern polymer 

crystallization, elucidating aspects of nucleation and growth of the crystalline phase from the melt.  Starting from 

a large number of well-equilibrated entangled linear polyethylene melt configurations of narrow molar mass 

distribution, we perform isothermal molecular dynamics simulations under (a) quiescent and (b) stretching 

conditions.  We calculate the evolution of the degree of crystallinity over time, analyze the mass and the radius 

of gyration tensor of the largest ordered cluster present, and determine the stochastic distribution of induction 

times from these geometric characteristics and from mean first passage time analysis.  The presence of a flow 

field is found to have a profound impact on nucleation and growth, accelerating the emergence of the crystalline 

phase. Crystallites created under stretching are strongly oriented along the drawing direction and ultimately 

adopt a more cylindrical symmetry, as opposed to the quasispherical clusters generated under quiescent 

conditions, whose orientation is random [1].  In other simulations, designed to mimic the formation of 

polyethylene films from the melt through the Machine Direction Orientation process, we have determined the 

nucleation rates in dependence of the temperature and strain rate, identified the “kinetic elements” which 

assemble to form ordered clusters, and explained our findings in terms of a nucleation theory which takes into 

account the free energy associated with flow-induced orientation of the kinetic elements [2].  The predicted 

oxygen solubility in room-temperature films of semicrystalline linear polyethylene generated through our 

simulation protocol falls linearly with the degree of crystallinity, closely matching experimental measurements 

[3].   

In simulating industrially relevant polymer systems, a faithful representation of broad molar mass distributions 

is very important.  We have reformulated our connectivity-altering Monte Carlo algorithms in a manner that 

allows creating ensembles of well-equilibrated molecular configurations representative of any arbitrary 

distribution of chain sizes.  When applied to bidisperse polyethylene, our Monte Carlo approach predicts 

negative deviations from ideal mixing behavior, as predicted by Flory theory and as  measured experimentally 

[4].   
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The K-BKZ constitutive model is now 62 years old.1 The paper reviews the connections of the model and its 

variants with continuum mechanics and experiment, presenting an up-to-date recap of research and major 

findings in the open literature. In the Introduction a historical perspective is given on developments in the last 

62 years of the K-BKZ model. Then a section follows on mathematical modeling of polymer flows, including 

governing equations of flow, rheological constitutive equations (with emphasis on v iscoelastic integral 

constitutive equations of the K-BKZ type), dimensionless numbers, and boundary conditions.2 The Method of 

Solution section reviews the major developments of techniques necessary for particle tracking and calculation 

of the integrals for the viscoelastic stresses in flow problems. Finally, selected examples are given of successful 

application of the K-BKZ model in polymer flows relevant to rheology including slip at the wall3 and non-

isothermal flows.4 
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Drug delivery using biomolecules as nanocarriers is a revolutionary field in nanomedicine that leverages the 

properties of various biological molecules, such as lipids, proteins, and nucleic acids to create nanostructured 

systems for transporting therapeutic agents in the body. The nanoscale size allows them to effectively enter 

cells and deliver therapeutic agents into the cytoplasm, which is often a challenge for traditional drugs. 

Biomolecule nanocarriers offer major advantages over conventional drug administration. This technology is 

particularly promising for treating complex health challenges like cancer, microbial infections, and applications 

in gene and immunotherapy. Substantial progress and important achievements have been documented through 

experimental investigations in this domain. However, it has been made clear that a rational approach for the 

design of effective drug nanocarriers requires a fundamental understanding of the physicochemical processes 

relevant to the association of the molecules involved. To this end, computer simulations may offer a detailed 

description of the structural and conformational characteristics as well as the thermodynamic stability of such 

complexes, shedding light to the mechanisms involved in the complexation process. Three distinct examples 

will be presented in the following:   

a) Complexation of single stranded RNA with lipid-based agents.1 The efficacy of lipid-based molecules in 

forming stable complexes with RNA has been investigated focusing on the role of characteristics, such as the 

charge they bear and their degree of hydrophobicity, in the thermodynamic stability of the nanostructures .    

b) Dipeptide hydrogels as promising matrices for encapsulation and controlled release of anticancer drugs 2: The 

N-(fluorenylmethyloxycarbonyl)-L-diphenylalanine (Fmoc-FF) dipeptide / Peptide drug Bortezomib case.  

c) Complexation and Thermal Stabilization of Protein–Polyelectrolyte Systems through the Poly(acrylic 

acid)/Lysozyme Case.3 Self-assembled nanosized complexes show promise in drug delivery, e.g., through 

protein encapsulation via polypeptide complex coacervation and the protection of drugs from premature 

degradation.  
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Molecular dynamics (MD) simulations, proposed in the last century, opened up new possibilities for the 

investigation of  systems with a large number of degrees of freedom at the molecular scale, using computational 

infrastructures. Nowadays, the foregoing calculations allow us to examine the dynamics of chemical and 

physical processes at the atomic level, which are difficult to measure experimentally. The greatest source of 

error in atomistic molecular models is the interaction potential between atoms (force field), as it concerns a 

classical approximation of complex many-body quantum interactions such as electric polarisation, spin-orbit 

interaction, bond formation, and charge transfer [1, 2]. Direct calculation of these processes using quantum 

mechanical density functional theory, despite its accuracy, takes a very long time to execute, especially for 

organic systems with a large number of degrees of freedom and a lack of lattice structure [3]. In this research, 

we developed a step-by-step method to create accurate computer models for organic materials. Our approach, 

based on data obtained from quantum mechanics (DFT) calculations, employs atomic cluster expansion (ACE) 

approaches that balance two needs: the method uses basis functions comparable to those in high-accuracy 

DFT calculations to ensure precision but introduces a simplification in the computation of the total energy 

potential, resulting in computational speed comparable to that of faster, lower -accuracy methods. The 

calculation of the new ACE potential based on DFT simulations is performed using the state-of-the-art software 

library python-ace, which ensures rapid development due to its ease of learning  

[4]. The method is initially validated on small organic molecules and generic polymer systems to validate the 

accurate prediction of the potential energy surface. Then, the parameterized model is employed in atomistic 

molecular dynamics (MD) simulations of the condensed phase of amorphous organic materials, to predict the 

molecular structure (radial distribution functions), dynamics and rheological properties of the model systems.  
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To address the urgent need for effective carbon capture and storage (CCS), polymeric membranes combined 

with ionic liquids (ILs) have attracted increasing attention as promising small -scale separation technologies. 

Among them, poly(vinylidene fluoride) (PVDF) supported liquid membranes show high stability and tunable 

selectivity. However, molecular-level understanding of their gas separation mechanisms is still limited.   

In this work, we employ atomistic molecular dynamics (MD) and grand canonical Monte Carlo (GCMC) 

simulations to investigate CO₂ transport across PVDF/IL membranes. A multi-step modelling strategy was 

applied: (i) mixed-gas (CO₂/N₂) systems were simulated to evaluate diffusivity, solubility, and permeability; (ii) 

PVDF/IL interfacial properties were studied via contact angle and radial distribution function analyses to assess 

hydrophobicity and local structure; and (iii) a two-chamber setup was developed to reproduce realistic CCS 

conditions, capturing coupled gas flow, diffusion, and absorption processes. Additionally, the mechanical stability 

of the PVDF membrane was examined.  

Preliminary results include qualitative insights into gas/polymer interactions obtained through radial distribution 

function analyses and initial assessments of CO₂ diffusivity and solubility within the PVDF membrane. Recent 

progress indicates distinct diffusion characteristics and promising permeability trends, suggesting that the 

inherent structural properties of supported liquid membranes significantly enhance CO₂ transport efficiency. 

Ongoing work is focused on characterizing the membrane's free volume evolution and establishing a 

quantitative link between mechanical strain and gas transport properties.  

In summary, this atomistic investigation provides essential insights that can guide the design and optimization 

of PVDF/IL composite membranes, potentially contributing to more effective and sustainable CCS technologies.  
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Biopolymer-based nanocarriers formed via electrostatic interactions between proteins and polysaccharides offer 

a sustainable and biocompatible platform for encapsulating and delivering hydrophobic bioactives [1]. These 

nanostructures are especially promising for applications in both food science and biomedical fields due to their 

biodegradability, nontoxicity, and environmentally friendly fabrication. This presentation summarizes 

investigations on formation, structural properties, and encapsulation behavior  of protein–polysaccharide 

nanoparticles synthesized through electrostatic complexation combined with controlled thermal processing. 

Proteins such as bovine serum albumin [2], trypsin [3], and hemoglobin [4] are paired with polysaccharides like 

chondroitin sulfate, xanthan gum, and hyaluronic acid to form diverse nanostructures. Using light scattering, 

microscopy, small-angle scattering, and spectroscopic methods, we characterize particle morphology, stability, 

and the capacity to bind and retain hydrophobic compounds, including model nutraceuticals β-carotene and 

curcumin. We demonstrate that tuning variables such as protein-to-polysaccharide ratio, pH, and heat treatment 

conditions allows for precise control over nanoparticle behavior. These findings support a rational design 

strategy for developing multifunctional delivery vehicles capable of targeted and stable encapsulation of small 

bioactive molecules for nutraceutical and pharmaceutical applications.  
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Glioblastoma (GBM) remains one of the most aggressive and treatment-resistant brain tumors, posing a major 

clinical challenge despite advances in immunotherapy, targeted strategies, and novel chemotherapeutics. The 

current median survival of GBM patients rarely exceeds 15 months, emphasizing the urgent need for innovative 

therapeutic solutions.  

Our research focuses on the development of novel styrylquinazolinone derivatives as potential anticancer 

agents targeting GBM. Among them, compound IS11 emerged as a promising candidate, demonstrating potent 

cytotoxicity against various glioblastoma cell l ines in both 2D and 3D in vitro models, while remaining non-toxic 

to normal human astrocytes and fibroblasts. Mechanistic studies revealed that IS11 disrupts multiple cellular 

pathways — it induces G₂/M cell cycle arrest via enhanced tubulin polymerization, impairs mitochondrial 

metabolism (ATP depletion), and disturbs oxidative homeostasis through ROS elevation and GSH reduction, 

collectively triggering apoptotic cell death. These effects are associated with interference in tyrosine kinase-

mediated signaling, essential for GBM cell survival and proliferation. However, limited aqueous solubility and 

poor blood-brain barrier (BBB) penetration restrict IS11’s therapeutic potential. To overcome these limitations, 

advanced delivery systems were designed, including liposomal formulations and glucose-albumin crosslinked 

nanocarriers, enabling improved bioavailability and targeted delivery to GBM cells. The obtained carriers were 

thoroughly physicochemically characterized and demonstrated enhanced cytotoxic efficacy  compared to the 

free compound.  

In conclusion, the combination of novel quinazolinone scaffolds with innovative delivery strategies offers a 

promising avenue for GBM therapy. These encouraging findings support ongoing in vivo studies, aiming to 

evaluate the therapeutic performance and translational potential of IS11-loaded carriers.  
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Hydrogels represent a unique class of soft materials with tunable physicochemical properties and high water 

content, making them ideal for a wide range of biomedical applications, including drug delivery, wound healing, 

and tissue engineering. Conventional hydrogel systems often based on synthetic and toxic chemical 

crosslinkers, raising concerns about biocompatibility, biodegradability, and environmental sustainability. 

Consequently, we decided to use biocrosslinking agents from plant-based waste in polymer crosslinking 

reactions. This study presents the development of hydrogels crosslinked using bio-based agents derived from 

plant biomass. Comprehensive materials characterization was conducted, including analysis of 

physicochemical properties (gel fraction, swelling capacity, and degradation behavior), chemical structure (FT-

IR), morphology (SEM), thermal properties (TG and DSC), and mechanical strength. Additionally, in vitro release 

and permeation studies were performed, as well as cytotoxicity assessments to evaluate biocompatibility. The 

use of plant biomass-based crosslinkers in hydrogel design not only aligns with the principles of green chemistry 

and sustainability, but also opens new pathways for developing functional, safe, and efficient materials f or next-

generation biomedical applications.  
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Research on cancer and anticancer strategies has been widely conducted over the last two decades, presenting 

novel vehicles for effective targeted systems. Lungs are considered an ideal passage for therapeutics into the 

body, by which local concentrations of active pharmaceuticals can be delivered with a lower burden for the rest 

of the body [1]. The delivery of the therapeutic via the lungs is promising, but several things should be considered 

[2]. This project's scope is the synthesis-preparation of microgels by incorporating smart nanogels for the 

pulmonary delivery of an anticancer drug to the lungs. The system will have a targeting moiety for cancer cells 

and a stealth ability to incorporate the nanogel into the deep lung. These formulations can be a solution in 

delivering drugs by increasing their size due to hydrophilicity to avoid macrophages and deal with the lung 

microenvironment. These nanogels can deliver the active compound, be biocompatible, and have good 

physicochemical properties [3].   

The encapsulation of the anticancer drug is done by using cyclodextrins as the host molecule where the drug 

will be encapsulated and be protected. For this study, the therapeutic chosen is Entrectinib. This drug is currently 

evaluated in phase II studies for lung cancer on a global stage. The nanogels will have pH responsiveness, and 

the anticancer drug encapsulated. For the targeting moiety, the iRGD peptide will be used, where has been 

shown to increase accumulation and penetration of anticancer drugs into tumours. The monomers to be used 

for the synthesis of nanogels are 2-(Diethylamino)ethyl methacrylate, 2-N-Morpholinoethyl methacrylate, 2-

methacryloyloxyethyl phosphorylcholine, and 2-Acrylamido-2-methylpropane sulfonic acid. The synthetic 

approach for the nanogels will be the emulsion polymerization.   
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This work presents a computational study of how counterion valency modulates the effective pairwise 

interactions between topologically interlinked DNA rings ([2]-catenanes) in dilute solution. Atomistic molecular 

dynamics simulations were carried out for double-stranded DNA catenanes in low to moderate ionic strength 

solutions containing monovalent (Na⁺) and divalent (Ca²⁺ and Mg²⁺) counterions. Upon catenation, the stiff DNA 

minicircles adopt more anisotropic and aspherical shapes, becoming slightly more oblate compared to their 

isolated counterparts. In-plane ring stretching within the catenated structures facilitates charge spreading and 

reduces steric crowding. The ion type strongly influences both the center-of-mass separation and the preferred 

relative orientations of the individual DNA rings. At higher concentrations of divalent counterions, an intriguing 

dependence on contour length emerges: shorter minicircles display a non-monotonic response characterized 

by sequential elongation and compaction of the catenane, whereas catenanes composed of longer minicircles 

exhibit predominantly compacted conformations.  

Acknowledgements  

The computational results presented have been achieved by using the Vienna Scientific Cluster (VSC).  

  



POLYCONF 15 

 

15th Hellenic Polymer Society Conference 
3 - 6 December 2025, Patras, Greece 

66 
 

Eco-friendly synthesis of biodegradable PLA-based exfoliant microbeads 
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The increasing prevalence of microplastic pollution from nonbiodegradable microbeads (MBs) in personal care 

cosmetic products (PCCPs) has raised significant environmental concerns, owing to their resistance to 

degradation and high adsorption capacity for persistent organic pollutants (POPs) in marine ecosystems. This 

study investigates the preparation of next-generation exfoliants by utilizing biodegradable alternatives (based 

on aliphatic polyesters, such as poly(lactic acid) (PLA) and newly synthesized PLApoly(ethylene glycol) (PEG) 

triblock copolymers) to conventional MBs. The new MBs were fabricated using droplet microfluidics - a new, 

green production process for the production of MBs - which enables the preparation of monodisperse particles 

with tunable physicochemical properties, while minimizing energy consumption and material waste. Degradation 

studies in various aqueous environments demonstrated that the microfluidics generated PLA and PLA-PEG-

PLA MBs exhibited faster hydrolytic and soil degradation profiles compared to conventional MBs. POP 

adsorption experiments, using phenanthrene as a POP model compound, revealed low adsorption capacity for 

the new biodegradable MBs, likely due to their reduced specific surface area induced by the employed droplet 

microfluidics process. Finally, sensory analysis with 13 trained and qualified assessors, highlighted the suitability 

of the new MBs for cosmetic applications. Therefore, the presented findings suggest that the combination of 

droplet microfluidics with the newly systhesized PLA-based copolymers present a promising and more 

sustainable alternative to conventional MBs in personal care applications.  
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Recent advances in polymer chemistry are opening genuinely green routes toward functional, renewable and 

recyclable polymeric materials. One major avenue is the use of biocatalysis (enzymes) for polymerization of 
monomers derived from renewable feedstocks. For example, enzymatic polycondensation of biobased diacids 
(e.g., furan-based) and diols or diamines affords polyesters and polyamides under mild, solvent -efficient 
conditions, enabling tunable architectures, controlled end-groups and enhanced degradability. These 
approaches demonstrate how enzymatic polymerizations can replace harsher conventional catalysis, align with 
renewability goals and facilitate downstream recycling. 

 
In parallel, strategies for chemical or physical recyclability have been explored. Designing polymer backbones 
(and architectures) with end-of-life pathways in mind—including depolymerisation, enzymatic degradation or 
selective recovery of monomers—enables “circular” material lifecycles without sacrificing performance. 
Additionally, the integration of dynamic covalent networks or vitrimer-type behaviour has emerged as a key 
element: reprocessable, self-healing and adaptable polymer systems derived from biobased monomers or 

segments enable functional materials that combine renewability and reusability.  
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Polymer materials are often filled with inorganics to improve their properties. The cases in which the additive 

exists in the form of a fine nm-sized dispersion within the polymeric matrix, thus producing a nanocomposite, 

allow the investigation of basic scientific problems. At the same time, the behavior of polymers restricted in 

space or close to surfaces/interfaces can be very different from that in the bulk.  

The investigation of the structure, morphology, chain conformations and dynamics of hydrophilic polymers in 

nanohybrids containing either layered materials or spherical nanoparticles will be presented.[1-3] Mixing 

polymers with layered additives can lead to intercalated hybrids when the interactions between the constituents 

are appropriate; these can serve as model systems for the investigation of the static and dynamic properties of 

macromolecules in nano-confinement. On the other hand, using nanoparticles of largely different sizes provides 

the opportunity to vary the confining length as well the chain adsorption capacity. The polymer thermal and 

rheological properties are correlated with the obtained structure in an attempt to understand the relationship 

between the physicochemical attributes of the constituents and the final properties of the hybrids which is of 

great importance for the design of new materials. [4] In other cases, polymeric nanohybrids can be utilized as 

coatings on different substrates for the development of superhydrophobic and water-repellent surfaces, or can 

lead to surfaces which may possess enhanced self-healing properties. [5,6]  
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Thermoelectric generators (TEGs) are promising devices for converting waste heat into usable energy, but 

scalable and low-cost fabrication methods i.e. printing technologies remain a challenge. In this work, we 

demonstrate a 3D-printed thermoplastic polyurethane (TPU) gyroid scaffold infiltrated with aqueous p- and n-

type single-wall carbon nanotube (SWCNT) inks. The inks, prepared via non-covalent molecular interactions, 

enable controlled semiconducting behavior and are deposited through a simple dip-coating process to form 

continuous nanolayers within the TPU microporous structures creating “hierarchical” architectures. The resulting 

TPU/SWCNT organic thermoelements exhibit Seebeck coefficients of +32.16 ± 1.11 μV/K (p-type) and –38.42 

± 2.49 μV/K (n-type). A printed device with 120 serially connected pn junctions produces 203 μW under an 80 

K temperature gradient, sufficient to drive a DC-DC converter and briefly power an LED. This approach 

highlights the potential of additive manufacturing of thermoplastic elastomers as “scaffolds” to deposit water-

based SWCNT inks towards sustainable, scalable, and versatile TEG thermal energy harvesting organic 

electronic devices fabrication, enabling applications such as self -powered IoT sensors, wearables, etc. among 

others.  
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Microrobots are attracting growing interest for performing precise operations at the micro- and nano-scale, with 

applications including minimally invasive medical procedures, targeted drug delivery, and the transport of 

specific cargos to otherwise inaccessible sites within complex biological environments. In this study, a chitosan-

based fluorescent microrobot with a crescent shape and a size of approximately 100 μm was fabricated via 

photolithography, providing highresolution patterning and precise, reproducible control over its microscale 

structure. By leveraging electrostatic interactions, the fluorophore 4-(1,2,2-triphenylvinyl) 

benzoicacidsynthesized through a Suzuki reaction—was adsorbed onto the chitosan chains to form a complex 

in dilute acetic acid. This complex then served as the precursor for fabricating the fluorescent microrobot using 

photolithography. After coating one side of the fluorescent microrobot with three alternating layers of Ti–Ni–Ti 

respectively, the microrobot exhibited magnetic actuation capability while retaining its overall biocompatibility, 

and mechanical integrity. Through the use of an electromagnetic actuation system (EMAS), the microrobots 

achieved accurate, controllable navigation to designated targets, enabling promising applications in targeted 

cargo delivery and localized medical therapy. By combining fluorophore labeling with magnetic coatings, the 

microrobot can be actuated remotely via an electromagnetic coil system and tracked in real time using 

fluorescence microscopy. In addition, comprehensive cytocompatibility tests were conducted to evaluate the 

safety of the microrobots for biological applications. Cell Counting Kit -8 (CCK-8) assays performed on MCF-

10A cells indicated that the chitosan-based microrobots caused no cytotoxicity and maintained excellent 

biocompatibility. These results suggest that the fabricated fluorescent microrobots not only possess the 

mechanical and magnetic properties, as well as image-tracking capabilities required for controlled navigation, 

but also satisfy critical biological safety requirements, offering a promising platform for future biomedical 

applications such as targeted drug delivery, in situ tissue engineering, and microscale surgical interventions.  
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Green epoxy resins are increasingly considered as sustainable alternatives to conventional polymers, offering 

reduced environmental impact, while retaining excellent mechanical strength, thermal stability, and chemical 

resistance. To further enhance their functional performance, the incorporation of inorganic nanoparticles is a 

promising strategy [1-6]. In this work, environmentally friendly epoxy resin/SiO₂ composites were developed 

and systematically studied with respect to their morphology, static and dynamic mechanical behavior, as well 

as dielectric response, using a range of experimental techniques.  

Silica nanoparticles were synthesized via a sol–gel process using tetraethoxysilane (TEOS) as precursor and 

nitric acid as catalyst. The procedure involved hydrolysis and condensation under controlled conditions, followed 

by gelation, drying, and thermal treatment at 700 °C. XRD analysis confirmed the amorphous structure of the 

obtained silica, which was subsequently incorporated into the epoxy matrix. Structural and morphological 

characterization verified the homogeneous integration of silica within the polymer. Both the thermomechanical 

and dielectric properties of the green epoxy matrix were significantly enhanced by the incorporation of SiO₂ 

nanoparticles. In conclusion, green epoxy/SiO₂ composites present a unique combination of environmental 

sustainability, mechanical reinforcement, and superior dielectric response, making them excellent candidates 

for next-generation applications in energy storage, electronic devices, and eco-friendly structural systems.  

References  

[1] G. C. Psarras, MatSci Express. 2024, 1(3), 162-169.  

[2] A. Sanida, S.G. Stavropoulos, Th. Speliotis, G.C. Psarras. Polymer, 2017, 120, 73-81.  

[3] G. C. Manika, G. C. Psarras, ACS Appl. Energy Mater. 2020, 3, 831−842.  

[4] Gioti S., Sanida A., Mathioudakis G. N., Patsidis A. C., Speliotis T., Psarras G. C. Materials 2022, 15, 1784.  

[5] Manika G. C., Gioti S., Sanida A., Mathioudakis G.N., Speliotis  T., Patsidis A.C., Psarras G.C. Polymers 

2022, 14, 4817.  

[6] A. C. Patsidis, E. I. Koufakis, G. N. Mathioudakis, O. Vryonis, G. C. Psarras. J. Compos. Sci. 2024, 8, 225.   

 

  



POLYCONF 15 

 

15th Hellenic Polymer Society Conference 
3 - 6 December 2025, Patras, Greece 

72 
 

Combining Metal Oxides with Lithography: Top-Down and    Bottom-Up 

Approaches  

Eleni Makarona1 and Margarita Chatzichristidi1  

  
1Laboratory of Industrial Chemistry, Department of Chemistry, National and Kapodistrian University of Athens, 

Zografou, Greece;  
2 Institute of Nanoscience and Nanotechnology, NCSR “Demokritos”, Ag. Paraskevi, Greece;  

  

The integration of metal oxides with lithographic techniques offers new opportunities for developing 

multifunctional micro- and nanoscale devices. This work presents complementary top-down and bottom-up 

strategies to combine the functional versatility of metal oxides with the precision of lithographic patterning.  

 

In the top-down approach, copper oxide (CuO) and nickel oxide (NiO) nanoparticles were synthesized and 

incorporated as nanofillers into polymeric matrices to create hybrid nanocomposite resist materials. These 

materials were investigated as potential Electron Beam Lithography (EBL) and Optical Lithography resists, with 

CuO/PMMA and CuO- or NiO/DNQnovolac systems, respectively. Micro–X-ray fluorescence spectroscopy 

(μXRF) was employed to assess nanoparticle distribution and miscibility within the polymer mat rices. The 

resulting nanocomposites exhibit promising characteristics for use as reactive layers in sensor fabrication, 

enabling improved sensitivity through the electronic and chemical properties of the embedded oxides.  

 

Conversely, the bottom-up approach focuses on the site-specific hydrothermal growth of CuO nanostructures 

directed by lithographically pre-patterned templates. Using a combination of sol–gel deposition, optical 

lithography, and hydrothermal synthesis, CuO nanotextured layers were selectively grown on different 

substrates like silicon (Si) wafers, Si wafers with gold interdigitated electrodes (IDEs) and Kapton substrates 

with Cu electrodes. This method ensures precise spatial localization of nanostructures while preserving 

electrode integrity. The resulting architectures demonstrate high potential for low-cost, scalable gas-sensing 

platforms.  

 

Together, these approaches illustrate the synergistic integration of lithography and metal oxide nanostructures, 

establishing a versatile platform for next-generation micro- and nanoscale sensor and electronic devices.   
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Biological materials have elastic moduli that range from ≈10 Pa (supersoft tissues) to ≈107 Pa (skin and tendons). [1 ]  

Mimicking soft biological tissues with polymeric materials requires a specific architectural design based on brush-like 

motifs.[2] To this end, binary blends of polyterpenes are employed comprising cis-1,4-polyfarnesene (PF) with a 
bottlebrush architecture, and linear cis-1,4-polyisoprene (PI) as model systems toward supersoft polymer melts. These 
polymers are specifically selected based on previous findings on the viscoelastic and dielectric properties of 

polyterpenes [3], aiming to exert additional control over the plateau modulus and packing and henceforth to trigger the 

flow behavior. The bottlebrush PF results in a low plateau modulus (𝐺o ≈ 3.5 × 104 Pa) that can further be reduced with 

the addition of PI. Depending on the fraction of short PI chains in the blend, plateau moduli as low as 1 kPa could be 

obtained. Tube dilation is very efficient, scaling as 𝜑−0.73, as compared to more common blends comprising long/shor t 

(𝜑−0.5) or linear/star (𝜑−0.375) chains of identical polymer structure[4]. Overall, the results show that among the different 

topologies examined, blends comprising bottlebrush/linear chains are more effective in the process of tube dilation 

resulting 

in supersoft polymer melts. The explanation for this key observation is the low rubbery plateau value of the bottlebrush 
polymer. Further crosslinking of the longer chains will result in supersoft elastomers. 

 

Figure 1. On the left, the graphical 
representation of tube dilution in PF-PI 
blends. On the right, the van Gurp – 

Palmen plot shows the effect of increasing 

WPFarn. 
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It is well known that polymer morphology, dynamics, and properties can be significantly altered by the 

incorporation of nano-additives in the polymeric matrix, forming nanocomposite materials. Moreover, 

investigation of the crystallization behavior of semicrystalline polymers is of paramount importance since it 

largely determines their final properties. In this work, the effect of silica nanoparticles (SiO ) on the 

microstructure and crystallization kinetics of poly(ethylene oxide) (PEO) in PEO/SiO  nanohybrids is investigated 

using simultaneous Small- and WideAngle X-ray Scattering (SAXS/WAXS). Isothermal measurements were 

performed over a broad temperature range, and the influence of nanoparticle content was examined by 

synthesizing hybrids of varying composition. The results indicate that increasing the amount of nanoparticles 

leads to decreased crystallinity and smaller crystal long period. Additionally, SAXS measurements reveal the 

formation of a network structure even at low nanoparticle concentrations. These structural changes are 

attributed to enhanced interactions between PEO and SiO , resulting in a more organized morphology, as 

confirmed by rheological data as well [1]. Overall, this study highlights the importance of nanoparticle 

concentration in tuning the properties of polymer nanocomposites something important in their utilization in 

advanced applications.   
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A parameter that affects the phase behavior of diblock copolymers is the conformational asymmetry ( 𝜀 = 

(𝛼𝛢
2/𝑢𝐴)/(𝛼𝐵

2/𝑢𝐵) and 𝜁 = 𝛼𝛢/𝛼𝛣), where 𝛼 and 𝑢 the statistical segment length and volume respectively1, 2, 3. 

Although, the effects of the conformational asymmetry on the stability of non-classical nanophases and the 

ordering kinetics has been studied, much less is known about the conformational symmetry. Herein, we explore 

the effects of conformational symmetry (𝜀, 𝜁 ≈ 1) on the phase diagram (SAXS), the dynamics (BDS, Rheology, 

TMDSC) and the ordering kinetics (Rheology, SAXS) of the newly synthesized polystyrene-bpolyfarnesene (PS-

b-PF) diblock copolymer. The pertinent phase diagram has been constructed comprising mainly classical 

phases (LAM, HPC/CYL, SPH) with only a narrow composition range with the double gyroid nanophase. The 

absence of order-to-order transitions (vertical phase boundaries) has been attributed to the conformational 

symmetry of the diblock copolymer. The study of the rheological response of the observed nanophases revealed 

the presence of two characteristic plateaus: one related to the chain entanglements (rubbery plateau) and the 

other to the viscoelastic response of the nanophases (domain plateau). Each nanophase exhibits a 

characteristic rheological fingerprint. From the domain plateau, we extracted a characteristic (rheological) length 

(𝜉) which comes in good agreement with the periodicity of the nanophases (𝑑).  

 
Figure 1. (Left) Van Gurp-Palmen plot with the two characteristic plateaus. (Right) SAXS profile and 2D-image 

for a diblock copolymer in HPC/CYL morphology.  
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Dynamic helical polymers (DHP) are chiral soft materials where [1] both, left -handed (M) and right-handed (P), 

helical senses are (i) accessible and (ii) can interconvert rapidly because of low inversion barriers. Weak chiral 

influences, e.g. chiral solvents or chiral side groups, may break this mirror symmetry, turning these materials 

into permanently helical polymers with one preferred handedness. The responsiveness of DHPs to weak 

influences makes them interesting for applications such as chiral recognit ion and asymmetric catalysis.  

Most of our understanding of the phenomenology of helical order in DHPs stems from minimal theories [2] where 

the DHP are reduced to 1D Ising chains. Each spin can switch between 𝜎 = -1 and 𝜎 = +1 to mimic fast 

interconversion between M and P helices. Spins are ferromagnetically coupled to capture the energetic 

disadvantage of helical reversals between M and P domains, while weak external fields capture the chiral bias. 

Fitting experimental data, such as optical activity, with predictions of the 1D Ising model provides information on 

two fundamental molecular−level interactions: (i) the free energy cost of helical reversals and (ii) the strength of 

chiral influence on the repeat units. However, for these estimates to be valid, one must ensure that the basic 

assumptions of the theory hold.  

Currently, all 1D Ising models of DHP assume nearest-neighbor (NN) spin-spin interactions. We use a minimal 

model to challenge [3] this assumption and investigate whether polymer selfavoidance, caused by excluded 

volume, leads to effective non-local coupling between spins. Our approach links a 1D description of helicity, 

based on a NN 1D Ising Hamiltonian with coupling strength 𝐽, to an explicit 3D representation of polymers by 

freely-jointed chains with reversible hinges. Ideal and self-avoiding DHP are generated via a Monte Carlo 

scheme. First, we verify that in ideal chains the spins (local helical sense) reproduce the statistics of a NN 1D 

Ising model with coupling strength 𝐽. Next, we demonstrate that chain self-avoidance creates effective long-

range interactions between spins. These interactions renormalize 𝐽 and create finite-size effects that are 

inconsistent with a NN 1D Ising behavior.   
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The computational study of complex polymeric materials is a very challenging field, due to the broad spectrum 

of the underlying length and time scales. We present a hierarchical multi -scale methodology for predicting the 

macroscopic properties of polymer-based nanostructured systems, which involves atomistic simulations, 

coarse-grained models, homogenization approaches and continuum models [1-3]. The CG and the continuum 

models are derived through a systematic “bottom-up” data-driven strategy, using information from the atomistic 

scale without any adjustable parameter [1]. Moreover, Deep Learning algorithms are developed to reintroduce 

atomic detail on the CG scale and obtain atomistic configurations of long polymer chains [1].  

The proposed computational methodology is applied to provide a fundamental understanding of the mechanism 

of mechanical reinforcement in glassy polymer nanocomposites, which is of paramount importance for their 

tailored design. We present a detailed investigation of the coupling between the density, structure and 

conformations of polymer chains with respect to their role in mechanical reinforcement [2-3]. We found that the 

effective mass density and rigidity of the matrix region change with filler volume fraction, while that of the 

interphase remains constant. The origin of mechanical reinforcement is attributed to the heterogeneous chain 

conformations in the vicinity of the nanoparticles, which involve a twofold mechanism. In the low-loading regime, 

the reinforcement comes mainly from a thin, single-molecule, 2D-like layer of adsorbed polymer segments on 

the nanoparticle, whereas in the high-loading regime, the reinforcement is dominated by the coupling between 

train and bridge conformations; the latter involves segments connecting neighboring nanoparticles.   
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A brief presentation will be given on the evolution over the last hundred years of two major parallel 

developments, namely communication and information science and technology as well as polymer science and 

engineering, on the shoulders of which the emerging “polymer printed flexible electronics” science and 

technology rest.  Polymer printed flexible electronics is an emerging, highly interdisciplinary and disruptive 

technology. It concerns the deposition of formulated functional polymer inks, (electroactiv e dielectrics, 

semiconductors, conductors and insulators), on flexible substrates to form electronic components and their 

integrated systems. Already, polymer electronics systems complement classical electronic systems, since, due 

to their “soft nature”, there are able to retain excellent performances under various kinds of mechanical 

deformations, thus exhibiting potential in achieving flexible, stretchable, deformable, portable, lightweight, and 

wearable electronic devices such as organic light-emitting diodes, organic photovoltaics, organic field-effect 

transistors, bioelectronics, sensors, energy storage and conversion devices.  Further, some milestones will be 

presented of the above emerging science and technology, enabling to meet important challenges for our society 

in the energy, environment, security, or health sectors and Internet of Thinks (IoT). This adventure is only just 

beginning of a future sustainable technology... 
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Polyvinylidene fluoride (PVFD) and its copolymers with trifluoroethylene (TrFE) have been long recognized for 

their excellent ferroelectric properties that enabled their use in applications related to energy harvesting, 

sensing, haptics, high-k dielectrics, and others. Recently, a new generation of PVDF-based polymers has 

emerged, following the introduction of covalent double bonds to the backbone of the chlorine-bearing 

terpolymers PVDF-TrFE-CFE and PVDF-TrFECTFE [1,2]. The obtained PVDF-TrFE-CFE/CTFE-FA 

tetrapolymers, where FA stands for fluorinated alkynes, were found to display an unpreceded electromechanical 

coupling and a gigantic piezoelectric coefficient of 1000 pm/V [3], as well as a 275% enhancement of the 

electrocaloric performance over the state-of-the-art electrocaloric polymers at a low electric field [1]. Undoubtly, 

the interest in deriving the structure-function relationships that drive their applications is immense.   

In this work we prepared a series of PVDF-TrFE-CFE-FA tetrapolymers, by varying the FA content. After 

verification of the successful chemical modification by means of NMR, the phase transitions of the resulting 

tetrapolymers have been studied by DSC, while the polymers structure has been studied by means of x-ray 

scattering. Simple capacitors have been fabricated and the polarization loops have been recorded. Dielectric 

permittivity has been studied as a function of frequency and temperature. A transition f rom the relaxor 

ferroelectric to normal ferroelectric behavior has been revealed as FA content increases, which enables the use 

of tetrapolymers in a larger range of applications than PVDF-based copolymers and terpolymers.           
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The decarbonization of the energy sector is a major goal for the EU and the world, highlighted by the EU’s 

COP29 and the UN’s 2030 agendas. While fossil fuels still account for  80% of global energy supply [1], there is 

growing demand for low-carbon alternatives to lower global carbon emissions. Solar power plays a central role 

in both industrial and research efforts to shift the world’s reliance from fossil fuels to renewable energy sources. 

However, key considerations arise over the carbon footprint that solar cells can have during their fabrication 

(cradle-to-gate). Life-cycle assessment (LCA) is the leading framework that is used to characterize the 

environmental footprint of a product in the various stages of its lifecycle. In the context of solar cells,  various 

studies have been conducted on the leading technologies for the next generation of greener alternatives 

(organic- and perovskite-based solar cells)[2,3], and their comparison to commercialized Si-based cells[4]. In all 

these studies, however, primary concern has been the capture of the environmental footprint of well -established 

OPVs (P3HT-PCBM based cells).  

In this study, we collected primary data to quantify the environmental profile of the synthesis routes for three 

different, well-established polymeric donors, aiming to identify the footprint of various OPV cells (P3HT-PCBM, 

PCDTBT-PCBM, PTQ10-PCBM). By comparing their cradleto-gate footprint, we have pinpointed the hotspots 

that need to be addressed. The results indicate that sustainable synthesis of polymeric donors should be a 

research focus, along with the incorporation of “greener” solvents for the deposition of the various layers of the 

devices. Finally, electrode selection can have a decisive impact on the overall impact of the fabrication of OPV 

devices.  
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Smart materials that exploit the interaction between hygroscopic materials and moisture while they are able to 

convert changes in environmental humidity into useful signals are of great interest. By converting ambient 

moisture into mechanical motion or electrical energy, these membranes possess promising applications in two 

fast-growing technology fields: soft actuators and moisture-enabled energy generators (MEGs) [1].  

In this work, we report on the development of water-soluble hybrid suspensions based on hydrophilic polymers 

combined with carbon nanostructures, that were evaluated both as inks for electrochemical electrodes and as 

self-standing membranes with humidity-responsive properties. Hybrid composites were fabricated through a 

facile and environmentally benign process, utilizing a water-based processing method, carbon nanostructures 

were dispersed into the polymeric matrix compising of sodium poly(4-styrene sulfonate-co-glycidyl 

methacrylate) (P(SSNa-co-GMA40)) and polyacrylic acid (PAA) [2,3]. For inks, high loadings of multi-walled 

carbon nanotubes were tested as well as semiconducting nanomaterials such as polypyrrole and polyaniline to 

optimize electrochemical performance and their potential application as electrodes in electrochemical devi ces. 

Composite single-layer membranes were developed by incorporating various types of carbon nanotubes 

(single-, double-, and multi-walled carbon nanotubes into the flexible crosslinked polymeric matrix. These novel 

membranes exhibited dual conductivity and humidity responsiveness. Properties of these hygroscopic 

materials, including microstructure morphology, physicochemical, mechanical and humidity sensing properties, 

as well as electrochemical characteristics have been thoroughly studied. These composite membranes can 

spontaneously absorb humidity and display mixed conductivity in a range of relative humidity (RH) 

environments. Through thorough electrochemical analysis, we gain an insight into the mechanism of 

conductivity, and the impact of the type and loading of the fillers. The combination of high swelling capacity, 

hydrophilic surface, and interconnected nanoscale pathways facilitates the formation of a strong ion 

concentration gradient under humid conditions, leading to high and stable voltage output reaching up to ~0.65V. 

Our study unlocks more applications in the fields of actuators for non-contact human-machine interfaces and 

soft robotics, and more importantly, provides valuable insights into the design principles of moisture electricity 

generation and paves the way for scalable, environmentally friendly solutions for lowgrade energy harvesting 

from atmospheric humidity.   
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When a dilute solution of a cationic polyelectrolyte is mixed with a dilute solution of an anionic polyelectrolyte 

an insoluble polyelectrolyte complex is going to be formed, i.e. a hydrophobic product is formed, even if both 

substituents are hydrophilic. This result is due to the mutual neutralisation of their positive and negative charge, 

responsible for their solubility in water. If we graft one of the two polyelectrolytes with a capable amount of 

hydrophilic neutral chains we could offer to the system the necessary hydrophilicity to bring it back into solution 

in the form of micelles, with possible applications. This interesting concept is going to be studied, with specific 

examples in this presentation. 
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The way that polymers penetrate narrow pores is of both of academic and technological importance. It provides 

possibilities in several areas including sensors, biotechnology, drug delivery, and optoelectronics. 1 Capillary 

force can drag polymer chains into nanopores, a process known as imbibition.2, 3 We study the effect of polymer 

topology (bottlebrush vs linear vs star) on the adsorption kinetics during imbibition in nanopores. Using in situ 

nanodielectric spectroscopy (nDS),  4, 5 we report the imbibition kinetics of star cis-1,4-polyisoprenes (SPI) in 

alumina nanopores (AAO) as a function of chain architecture (linear vs multiarm stars), pore size, molar mass, 

and temperature. 5 We demonstrate that the imbibition kinetics of star cis1,4-polyisoprenes proceeds via a slow 

adsorption mechanism, about 2 orders of magnitude slower than in linear polyisoprenes (PI).  5-7 Such ultraslow 

timescales ( 106 s) have not been reported for any polymer at temperatures well above Tg.  Moreover, we study, 

for the first time, in situ the dynamics of bottlebrush polymers directly at the chain length scale by monitoring 

the evolution of the normal modes, during the flow within AAO nanopores.  8 We demonstrate that for given ratio 

molar mass over the molar mass of entanglements, the bottlebrush topology results in slower adsorption in 

nanopores in comparison to linear counterpart, albeit, with different dependence. Additionally, bottlebrushes 

present weaker pore and temperature dependence comparing to both linear and star polymers.  5, 6, 8 

Furthermore, we explore how symmetric star / linear and brush / linear blends penetrate the same nanopores 

and we demonstrate that differences in the imbibition and adsorption kinetics can be used to separate the 

homogeneous blend to its components, giving rise to “topology sorting”, based on the relative viscosities and 

pore diameter. 8, 9  
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The development of single-ion polymer electrolytes (SIPEs) represents a transformative approach toward 

safer and more durable solid-state lithium batteries. Unlike conventional dual-ion systems, SIPEs immobilize 

the anion within the polymer matrix, enabling exclusive lithium-ion transport and mitigating concentration 

polarization at interfaces. However, their widespread adoption has been hindered by low ionic conductivity and 

the long-standing tradeoff with mechanical robustness.  

In this talk, I will present a macromolecular design framework that addresses this limitation by tailoring 

polymer architecture, ion solvation sites, and segmental dynamics. Particular emphasis will be placed on how 

polymer chemistry—through pendant anion design, tethering topology, and backbone flexibility—governs the 

ion coordination environment and lithium transference number. Finally, I will highlight recent advances that 

establish molecular-level structure–transport correlations, offering a predictive route to high-conductivity 

SIPEs suitable for next-generation solid-state lithium batteries.  
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The advancement of energy storage technologies requires the development of sustainable “beyond–Li-ion” 
chemistries. Among the most appealing candidates are sodium-ion (Na-ion), magnesium-ion (Mg-ion), and 

calcium-ion (Ca-ion) batteries, which leverage the natural abundance and low cost of these earth-abundant 
elements along with their favorable electrochemical properties. Here, we investigate how cation chemistry 
governs the coupled relationships among structure, mechanical response, and ion transport in poly(ethylene 
oxide) (PEO)-based electrolytes. Two PEO architectures—high molecular weight (100 kg/mol) and low 
molecular weight (0.35 kg/mol)—were examined in combination with monovalent (LiTFSI, NaTFSI) and bivalent 
[Mg(TFSI)₂, Ca(TFSI)₂] salts across a range of salt concentrations. Our results reveal that molecular weight, 

cation size, valence, and ion–polymer coordination collectively dictate both ionic conductivity and mechanical 
response. In high-Mw PEO, ion transport is dominated by localized hopping, favoring smaller, more strongly 
coordinating cations such as Li⁺ and Mg²⁺. In contrast, in low-Mw PEO, transport proceeds primarily via a 
vehicular diffusion mechanism, enabling larger, more weakly coordinated cations like Na⁺ and Ca²⁺ to move 

more effectively due to reduced coordination strength and smaller hydrodynamic radii. Notably, PEO:NaTFSI 
electrolytes achieve conductivities of ~4 × 10⁻⁴ S cm⁻¹ at room temperature, meeting the threshold for practical 

applications. These findings highlight the promise of Na-, Mg-, and Ca-based polymer electrolytes as 
sustainable, high-performance alternatives for next-generation energy storage systems.  
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New N-type conjugated polymers exhibiting low synthetic complexity have been developed using difluoro-

alkoxyquinoxaline, difluoro-alkylbenzotriazole, or alkyl-thiadiazolobenzotriazole units combined with difluoro-

substituted thiophene. These materials are designed to be utilized as electron acceptors in indoor organic solar 

cells. The polymers are synthesized via Stille cross-coupling polycondensation and subsequently analyzed for 

their molecular characteristics (1H NMR: proton nuclear magnetic resonance spectroscopy and GPC: gel 

permeation chromatography), optical properties (UV-Vis spectroscopy and photoluminescence), 

electrochemical behavior (Cyclic Voltammetry), microstructure (GIWAXS). Their promising characteristics and 

tunable energy levels highlight their potential for integration into indoor photovoltaic devices.  
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The development of flexible, lightweight, and energy-autonomous electronic devices has prompted a surge in 

research into innovative soft materials capable of incorporating energy storage and harvesting functions. Gel 

polymer electrolytes (GPEs) have emerged as major enablers, providing a distinct combination of mechanical 

flexibility, ionic conductivity, and environmental resilience. Their tunable physicochemical features make them 

excellent for nextgeneration wearable gadgets, smart textiles, and stretchable supercapacitors or batteries. In 

this work, we develop and optimize GPEs for use in micro-flexible supercapacitors fabricated via laser scribing 

on kapton foils, which is a scalable and ambient-compatible approach to patterned graphene-based electrodes. 

The tailored electrolyte formulations enable efficient ion transport while preserving device flexibility, making them 

ideal for integration into textile-based electronic systems.  

In this work, we use ionic liquids-based GPEs based on different combination of cations and anions, such as 1-

ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide ([EMIM][TFSI]) and 1-ethyl-3-methylimidazolium 

trifluoromethanesulfonate ([EMIM][OTf])  and polymer blends (polypropylene carbonate (PPC), poly carbonate 

(PC) and poly(vinylidene fluoridehexafluoropropylene (PVDF-HFP)). The aim is to entrap high voltage ionic 

liquids in the polymer network and enhance electrochemical properties of the elect rolyte. Because of their 

unique properties (stable electrochemical potential window, thermal and chemical stability, low volatility, and 

non-flammability), ionic liquid-based flexible microsupercapacitors outperform conventional aqueous GPEs-

based ones in terms of electrochemical performance. Finally, our findings demonstrate the compatibility of laser-

assisted electrode design and ionic liquidsbased GPEs, paving the path for fully integrated, self -powered smart 

textile systems.   
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Electrolytes are critical to the safety, efficiency, and lifetime of electrochemical devices but are often prone to 

mechanical and environmental degradation leading to cracking, conductivity loss, and premature failure. Self -

healing electrolytes provide a transformative pathway to overcome these limitations by autonomously restoring 

both structural integrity and ionic conductivity, thereby enhancing device reliability while reducing economic and 

environmental costs. However, achieving self-healing in mechanically robust electrolytes remains a major 

challenge due to the inherent trade-off between mechanical strength and healing efficiency.  In this work, we 

introduce the synthesis and application of hard–soft multiphase nanostructured polymer particles, incorporating 

programmed dynamic healing motifs, as additives to liquid polymer electrolytes for the fabrication of high-

performance, self-healable solid polymer electrolytes. These polymer particles are based on high-functionality 

mikto-arm star-shaped copolymers that, due to their molecular architecture and colloidal-like morphology, form 

hard– soft patchy particles with directional interactions with the liquid electrolyte. This drives their selfassembly 

into highly interconnected, grain-free network structures that provide both mechanical integrity and self-healing 

functionality without sacrificing the high ionic conductivity of the parent liquid electrolyte. The proposed 

macromolecular system represents a versatile design platform that could extend beyond lithium-metal batteries 

to applications such as anion-exchange membranes for fuel cells, active layers in dye-sensitized solar cells, 

electrochromic devices, gas separation and water purification systems, and electro-responsive gels for 

actuators and artificial muscles.  
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Laser-assisted graphitization of polymers has emerged as a simple, scalable, and eco-friendly route to digitally 

patterned graphene electrodes for flexible energy-storage devices. Thus far, the field has relied primarily on 

polyimide (Kapton) as the platform for growing threedimensional porous graphene, thanks to its tolerance of UV 

to IR irradiation and suitability for flexible architectures. However, Kapton-derived laser-scribed graphene 

remains relatively costly at scale, is constrained by substrate-specific limitations, and – without further 

functionalization – typically delivers modest areal capacitance. These constraints motivate exploring alternative 

polymer precursors. Polyacrylonitrile (PAN) is especially attractive because it is low-cost and can be 

nanostructured into high surface area fibers via electrospinning.  

In this work, we show that electrospun PAN nanofibers yield high-quality graphene upon laser irradiation, 

forming highly conductive, 3D-porous electrodes with markedly improved supercapacitor performance. Laser-

assisted conversion of the nanofiber scaffold increases accessible surface area, while inter-fiber voids enhance 

electrolyte infiltration, enabling fast charging and excellent high-rate retention. We systematically optimized fiber 

morphology by varying electrospinning parameters. PAN was stabilized at multiple temperatures to increase 

aromatic content via cyclization, dehydrogenation, and oxidation, transforming linear chains into a ladder -like, 

rigid aromatic structure stable for subsequent carbonization. CO2-laser graphitization of the stabilized PAN fibers 

delivered an order of magnitude capacitance increase relative to Kapton-derived devices. Moreover, 

electrospinning readily accommodates nanoparticle loading, enabling graphene networks decorated with 

functional nanophases.  
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The crucial role of enzymes and proteins in key biological processes renders them essential components for 

the design of advanced hybrid materials engineered to operate under diverse conditions. To address their 

inherent instability, the synthesis of well-defined enzyme-polymer conjugates has emerged as a promising 

strategy, particularly for the development of hybrid biomaterials. Recent advances in high-yield techniques, such 

as oxygen-tolerant controlled radical polymerization and organocatalysis, enable the fabrication of enzyme-

polymer conjugates under biologically compatible and mild conditions [1-2]. These hybrid materials, which can 

be hydrophilic, responsive, or amphiphilic, exhibit unique assembly behaviors with extensive potential 

applications.   

The synthesis of novel pH- and temperature-responsive lipase-polymer conjugates and their catalytic profiles 

at both the supramolecular and single-nanoparticle level will be presented [2-4]. In contrast to ensemble 

measurements, single nanoparticle analysis revealed enhanced enzymatic activity of the biohybrids and a well-

controlled temperature- or pH-responsive regulation of activity. For the first time, a relationship between 

nanoparticle size and catalytic performance was observed, with smaller nanoparticles displaying higher catalytic 

activity and remarkable long-term stability, highlighting their potential in biocatalysis and sustainable industrial 

applications.   

Keywords 

 protein-polymer conjugates, assembly, catalysis     

 
Figure 1. Assembly dependent enzymatic activity of lipase-polymer conjugates. 
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The GRECO project aims to transform the packaging industry by developing sustainable, biobased, and 

biodegradable solutions for food applications by addressing  the urgent need for safe, circular packaging 

alternatives through an integrated approach. The project focuses on the design of new PLA pre- and co-

polymers, advanced coatings, and functionalization technologies, the prediction and tailoring of polymer 

properties using digital tools, and the assessment of recyclability, biodegradability, and consumer  perception. 

Industrial scale-up and validation ensure practical applicability, while socio-economic and environmental impact 

assessments guide responsible innovation.  

This presentation will highlight GRECO’s objectives, work package structure, and first outcomes. Special 

emphasis will be placed on the pathways for industrial adoption, alignment with EU policy frameworks, and 

strategies to accelerate market uptake. GRECO’s ambition is to demonstrate that safe, bio-based food 

packaging can meet both performance and sustainability requirements, paving the way toward Europe’s circular 

economy goals.   
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The valorisation of renewable resources and waste streams is a popular approach to reduce the environmental 

footprint of materials production. In this context, natural fillers are extensively investigated. Depending on their 

structure, fillers can act as reinforcing agents, nucleating agents, endow the matrix with higher degradability or 

hydrophilicity, or confer new properties, e.g. antioxidant activity. Overall, with a careful additive selection, 

materials with tunable properties, improved performances and lower cost can be obtained.  

Lignin is an abundant natural polymer and is produced in large quantities as a by -product of several industrial 

processes, notably the pulping industry. Lignin valorisation has attracted a lot of attention as its aromatic 

structure can confer different properties compared to cellulosebased additives. In this context, the EU-funded 

REDONDO project is investigating the incorporation of lignin and modified lignin-based additives to HDPE. 

Despite being one of the most widespread polymers, there are few reports of HDPE/lignin composites in the 

literature.   

In the present communication, HDPE/lignin composites prepared in the context of the REDONDO project, will 

be discussed. The Kraft lignin and modified lignins were incorporated to HDPE by melt -mixing and further 

characterised via infrared spectroscopy, differential scanning calorimetry, X-ray diffraction and 

thermogravimetric analysis. The antioxidant activity of the composites was evaluated by the DPPH assay. 

Overall, promising results were obtained with these composites highlighting the potential of lignin as a 

sustainable additive and confirming the importance of composites with biobased additives as a valid strategy 

towards more sustainable materials.   
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BIOMAC is an Open Innovation Test Bed (OITB) Ecosystem capable of upscaling the marketreadiness and 

production of Nano structured bio-based materials (NBM). The core ambition of BIOMAC is to foster sustainable 

innovation in the European bioeconomy by accelerating the development and commercialization of advanced 

nanotechnologies. By reducing time-tomarket, costs, and associated risks, BIOMAC supports businesses in 

bringing breakthrough materials and products closer to industrial deployment.  

BIOMAC offers tailored service packages for companies—including SMEs and other stakeholders—interested 

in upgrading existing or developing new solutions within the lignocellulosic value chains of nanomaterials and 

polymers. The services are targeted at projects starting from Technology Readiness Level (TRL) 4–5, supporting 

their journey toward market readiness.  

Clients can benefit from access to BIOMAC’s comprehensive open innovation environment, which brings 

together pilot lines, advanced characterization tools, and specialized expertise to accelerate innovation and 

product development.  

BIOMAC has demonstrated its capabilities through the implementation of 11 test cases, developing upscaling 

products for a variety of markets; agriculture, automotive, food packaging and printed electronics include. 

Starting from biomass and covering the whole value chain, the Pilot Lines of BIOMAC, supported by 

complementary services such as market analysis, sustainability assessment and advanced characterizations.  
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The most abundant polymers found in nature are the ones originating from lignocellulosic feedstocks (i.e., 

Lignin, Cellulose, Hemicellulose). Beyond the efforts to exploit them as energy sources (i.e., bioethanol, 

biodiesel, biochar, etc.) in pristine or treated form [1], there is particular research interest in their biodegradable 

nature, as well as in the development of nanomaterials due to their unique properties resulting from their 

nanoscale dimensions. The prime example is nanocellulose, yielding from the chain scission of cellulose; it 

unlocks new types of materials in various eco-friendly alternatives to existing applications.   

Therefore, the subject of this work is to fully understand different nanocellulosic materials produced by various 

nanotreatments, regarding nanosize, thermal and colloidal stability, surface charge and crystallite length.   

Then, the interest is focused on the observation of changes in the properties of biobased formulations after 

mixing with other biopolymers in terms of their microscopic and macroscopic appearance and behavior. In that 

manner, four different types of nanocellulose with different nanosizes (& lignin characteristics) were introduced 

in polylactic acid (PLA) via melt blending achieving homogeneous dispersion overcoming celluloses 

agglomeration tendency [2], They exhibit faster crystallization capabilities, changes in optical transparency 

resulting from nanofibrillar length and/or lignin content and water vapor transport rate modifications.  
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The copolymers produced by the polyaddition of primary amines and cyclic carbonates trend as health-friendly 

successors to the long-serving traditional polyurethanes. The term nonisocyanate polyurethanes (NIPU) is often 

used to describe them. The reaction indeed yields a urethane group, but along with that, a primary or a 

secondary hydroxyl group is produced and is pendant on a nearby carbon of the main chain. Not surprisingly, 

this hydroxyl affects the physical behaviour of polyurethanes and imposes challenges and opportunities in the 

design of high-performance materials.  

A key effect is the drastic influence of hydroxyl groups on the hydrophilicity, at least in the case of non-phase 

separated systems. Linear NIPUs based on hydrophilic (PEO) [1] and hydrophobic (PPO) [2] polyether 

segments show remarkable water absorption when exposed to humid environments, reaching in both cases 

~20 wt% at relative humidity of the order of 8085 %. It is also supported that hydroxy -urethane groups are the 

first hydration sites to be occupied, rather than polyether segments. Similar, or even higher water absorption 

values were observed for NIPU networks based on hydrophilic [3] and hydrophobic [4] polyethers. In all cases, 

water absorption isotherms are Brunauer type III, similar to soluble systems and can be adequately described 

by Gughenheim-Anderson-DeBoer model.  

Overall, as expected, glass transition temperature, Tg drops with hydration in all cases, however the behaviour 

cannot always be described in the whole hydration range by standard models (Gordon Taylor, Kwei), as more 

than one mechanisms contribute to the acceleration of dynamics. The results are discussed under the paradigm 

of plasticization and slaving [5]. Contrary to the aforementioned observations, in phase separated NIPUs, water 

absorption and plasticization seems to be controlled by the hydrophilicity of the polyether, despite the high 

concentration of hydroxy-urethane units. Presumably, water molecules are unable to dissociate hydrogen 

bonding in the hard domains and occupy the hydration sites in the soft segments.  
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The accumulation of fossil-based, non-biodegradable and non-recyclable polymers to the environment 

constitutes one of the most severe issue the modern society is facing. Among the polymers from renewable 

resources, poly(lactic acid) (PLA) has gained the interest of the academic community and industrial factors due 

to its comparable thermal properties with the conventional fossil-based polymers along with its green up-scale 

production. The goal of the present work is to produce, eco-friendly substrates for the replacement of the fossil-

based materials used for printing electronics, via a cast film extrusion line. Copolymerization and blending were 

used as methods for the preparation of PLA-based substrates, by implementing indirectly biaxial stretching via 

an in-house stretch-induced crystallization apparatus [1,2].  

Via copolymerization biobased, flexible copolyesters based on poly(ethylene azelate) (PEAz) were synthesized. 

PEAz used as macroinitiator for the ring-opening polymerization (ROP) of L-lactide. All copolyesters exhibited 

high molecular weights, ranging from 10 to 80 kg/mol. Interestingly, the copolyester with the highest amount of 

PEAz (20 wt%) exhibited the highest values of Young’s modulus due to the strain-induced crystallization 

phenomenon that took place under the tensile deformation. To enhance the mechanical performance of the 

materials, annealing and biaxial stretching experiments were performed via an in-house stretch crystallization 

apparatus. The printability of the copolyesters were tested and biosensors based on the PLA copolyesters were 

developed.  

Moreover, blend systems based on PLA and PEAz were developed, and the effect of the compatibilization with 

its PLA-b-PEAz copolyesters was examined. PLA was blended with PEAz, using their copolyesters containing 

both low and high azelate content (5 and 20 wt%, respectively), in order to study the compatibility of the two 

homopolymers. Compatibilized blends exhibited improved tensile properties compared to the uncompatibilized 

systems. Furthermore, flexible samples were obtained after annealing introducing a possible fashion to control 

crystallization towards annealed flexible cast film substrates.  
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Biocomposites have attracted significant research interest as a renewable alternative to conventional 

composites, combining biodegradable or bio-based polymeric matrices with biobased reinforcements. Among 

matrices, poly(lactic acid) (PLA) has been widely examined due to its biobased and industrially compostable 

character; however, enhancing PLA lifetime durability is one of the prerequisites to realistically consider it as an 

alternative to fossil-based polymers for long-term applications, e.g., in the construction sector. Turning to 

lignocellulosic materials as bio-based fillers, such as lignin and fibres, is acknowledged for their availability, 

renewability, lower density compared to inorganic fillers (glass, talc, calcium carbonate), and stabilizing ability 

against oxidation and UV radiation. In this context, the present work endeavored to develop PLA biocomposites 

reinforced with cost-effective lignocellulosic materials derived from wood waste and to investigate their action 

as stabilizers during PLA melt processing, thermal, hygrothermal, and photo-oxidative degradation. The 

hydrolysis rate of the PLA biocomposites was further decreased by using polycarbodiimide compounds, which 

act as water and/or acid scavengers, preventing this way, ester bond scissions and efficiently maintaining 

polymer chain length during processing and service life. The herein suggested biocomposite formulation 

revealed a synergistic effect between the two categories of additives and promotes the use of PLA/wood 

composites in applications that require thermal and mechanical stability in various environments.   
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The complete understanding of chemical reactivity of the of type I photoinitiators constitutes a fascinating and 

tempting challenge. Photoinitiated polymerization generally involve three main steps: (i) excitation of the 

photoinitiator by light absorption, (ii) generation of active free radicals through bond dissociation and (iii) 

initiation of polymerization by radical addition to the double bond of an acrylate monomer. To design more 

efficient photoinitiator systems, it is essential to identify the factors influencing each of these steps. Critical 

parameters include the choice of chromophore and its optical properties, the quantum yield of triplet state 

formation, the bond dissociation energy, the nature of the generated radicals, and the activation energy  of radical 

addition to the monomer double bond. Understanding and optimizing these factors are crucial for advancing the 

development of next generation photoinitiators.  

  

 
 

In this work we investigate two type I benzoxazole thioether photoinitiators derived from Xanthone (T1= 74 

kcal/mol) and Thioxanthone (T1= 64-65 kcal/mol) chromophores respectively, both characterized by weak 

C-S benzylic bond [1]. Their performance in the photopolymerization of methyl methacrylate (MMA) and 

other acrylic monomers is examined. The study aims to (i) synthesize new type I photoinitiators, with 

favorable optical propertied, including absorption close to the visible region, (ii) achieve efficient triplet-state 

photochemistry with high quantum yields, (iii) explore their photodecomposition pathways that generate the 

highly reactive thiyl radical [2-mercapto(benzoxazoyl) radical] [2] known to be effective in acrylic 

polymerization and, (iv) comprehensively characterize their photophysical and photochemical properties. 

Experimental investigations employ NMR, FTIR, UV-vis, and fluorescence spectroscopy, complemented by 

quantum-chemical calculations (DFT, TD-DFT, and IRC) to provide insight into both ground and excited 

states.   
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The addition of Graphene oxide (GO) to poly(L-lactic acid) (PLLA) offers an effective strategy for tuning its 

crystallinity, improving its mechanical properties and imparting antibacterial behavior [1]. In this work GO/PLLA 

nanocomposites were prepared by melt extrusion. Furthermore, nanocomposites of poly(ethylene glycol) (PEG) 

reinforced with GO, obtained by drying their ultrasonically-homogenized aqueous solution, were incorporated 

into PLLA via melt extrusion [2]. The isothermal crystallization behaviour of PLLA, PEG/PLLA (20/80 w/w) blend, 

0.4 wt% GO/PLLA as well as of the system GO/PEG/PLLA was investigated by differential scanning calorimetry 

(DSC), and the Avrami kinetic model was applied to the obtained data. For PLLA and PLLA containing 0.4 wt% 

GO, a two-dimensional disc-like crystal growth geometry was identified, whereas at 125 and 130 °C the 

nanocomposite exhibited threedimensional spherulitic growth. The higher crystallization rate constant (k) values 

indicated that the incorporation of 0.4 wt% GO accelerated the PLLA crystallization. The shortest crystallization 

half-time for PLLA was observed at 115°C, while at 110°C, the presence of GO caused its largest reduction in 

half-time, accompanied by the highest increase in melting enthalpy (ΔΗm) compared to PLLA’s, after completion 

of isothermal crystallization. This study also demonstrated that GO promoted PEG’s crystallization by increasing 

its crystallization temperature (Tc) and degree of crystallinity (Xc). In the GO/PEG/PLLA hybrid systems, the 

combined effects of the nucleating agent (GO) and plasticizer (PEG) increased PLLA’s Tc and melting 

temperature (Tm), while a new absorption band associated with crystalline domains, appeared in the FTIR 

spectra. The results highlighted that GO acts as an effective nucleating agent for plasticized PLLA, as it 

enhances its crystallization rate and transforms the crystal morphology from disc-like to sphere-like, 

corresponding to a shift from two-dimensional to three-dimensional growth. Moreover, GO increased the 

crystallization activation energy of plasticized PLLA due to restricted segmental mobility and concerted the 

double melting peak into a single one after isothermal crystallization.  
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Halogenated flame-retardants are facing increasing restrictions due to growing environmental and health 

concerns, and as a result organophosphorus compounds and mineral flame retardants (FRs) have become 

popular alternatives. However, their combination does not always lead to the expected result. This study focuses 

on the investigation of the antagonistic interactions between a phosphorus ‐based commercial flame retardant 

and basic oxide‐forming mineral fillers (huntite and magnesium hydroxide modified with stearic acid) 

incorporated in a poly(butylene terephthalate) (PBT) matrix [1],[2].  
 A series of composites were prepared with varying loadings of mineral fillers and the phosphorus -based FR 

PBT polymer. The samples were subjected to flammability tests, such as LOI, etc. The char residues of the 

polymeric composites were isolated and characterized using  various analytical  techniques. 

 Thermogravimetric  (TGA)  and differential thermogravimetric (dTGA) analyses tracked 

decomposition behavior. The char residues at different pyrolysis stages were examined via FTIR-ATR, Raman 

spectroscopy, and XRD to identify their structure and composition. Morphological changes were assessed using 

SEMEDS. The results show that the addition of basic oxide‐forming minerals leads to a serious drop in flame 

retardancy compared to the phosphorus FR alone. The mechanism was found to involve neutralization of acidic 

phosphorus species by MgO and CaO produced during filler decomposition [2]. These basic oxides lead to the 

formation of phosphate salts and reduce the catalytic action of phosphorus towards char format ion. As the filler 

content increases, the quality of the protective char declines, leading to compromised fire-retardancy [1].  These 

findings suggest that the design of halogen‐free FR coatings must carefully consider the combinations of 

different fillers in the same formulation, in order to avoid such antagonistic effects.   
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This study examines the mechanical properties of 3D Printed (3DP) neat thermoplastic polyurethane (TPU), as well as TPU/ 

carbon nanotube (CNT) nanocomposites under quasi-static tensile stress field conditions. Experiments have been 

conducted on neat specimens and on TPU nanocomposites filled with 4.0 wt.% CNTs at room temperature (RT, i.e. 23-

25oC). The tensile tests were conducted according to ASTM D638 IV with a MX2 series Imada Force test stand equipped 

with a force gauge of 2.5 kN. The testing speed was set to the machine’s minimum (10 mm/s) and the force data were 

gathered. The resulting stress (MPa) – strain (%) curves have been plotted, and the Young’s Moduli (MPa) and ultimate 

tensile strength (UTS) (MPa) values have been determined. Namely, neat TPU (TPU 95A shore hardness) exhibited E = 

31.31 ± 4.98 MPa and UTS = 12.57 ± 0.03 MPa, while for TPU/CNT (4%) we found E = 35.11 ± 3.68 MPa and UTS = 8.64 

± 0.30 MPa. Introducing the CNT fillers, we note a slight increase in Young’s modulus, but a reduction in the ultimate tensile 

strength, compared to the neat polyurethane samples.   

Additionally, we utilize our recently proposed two-phase constitutive model1 to describe the rheological and mechanical 

response of the material. The model consists of four adjustable parameters, two for the viscoelastic and two for the hyper-

elastic phase of the material. Moreover, it requires the solution of two tensorial differential equations (for the conformation 

tensors of the two phases) along with the momentum equations and the incompressibility constraint. We simulate the exact 

experimental 3D geometry using an in-house finite element code, which was tested and validated on previous results of 

viscoelastic filament stretching.2 Using a non-linear regression algorithm, we find an optimal set of the four model 

parameters that accurately describes the experimental stress-strain curves. The introduction of CNT fillers causes a 

reduction in the viscoelastic properties and an increase in the hyperelastic ones.  

We report contours of the total stress exerted on the sample, which is more intense at the neck region of the specimen and 

increases upon further stretching. Finally, we perform sensitivity tests on the model parameters to examine their effect on 

stretching dynamics.   
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Microfluidic devices are manufactured with hard or soft lithography, a combination of both, or –  more recently 

– 3D printing. The choice of the right materials is crucial, if these devices are to be used in medical applications. 

Several approaches are followed for biocompatible devices. Soft lithography is the most common, employing 

well-established protocols for poly(dimethyl siloxane) (PDMS). PDMS has been thoroughly tested and is known 

to be safe. However, soft lithography is mostly suitable for 2D structures and usually requires photomasks that 

are expensive and limit the flexibility of applications.  

More recently, 3D printing has been employed as a more flexible alternative. The microfluidic device is either 

directly 3D printed, or a 3D printed mould is used to make flexible PDMS devices. The appropriate spatial 

resolution can only be achieved with photosensitive resins. Most resins, including some labeled as 

biocompatible, contain cytotoxic monomers and photoinitiators in varying amounts. This is an obvious problem 

with directly printed 3D devices, but they may cause problems also in PDMS replicas. Uncured monomer and 

photonitiator molecules from the resin inhibit PDMS curing and may be transferred to the fluid in the channels. 

Recent papers claim that proper curing and post-treatment renders these microfluidic devices safe for 

biomedical applications.  

In our project, we examine the differentiation of cells under flow. To the best of our knowledge no studies have 

tested the effect of resin photoinitiators on differentiation. It is possible that, while the amount of toxic molecules 

is low enough to allow cells to survive, some processes like differentiation may still be affected. Here we 

compare the attachment of smooth muscle cells on 3D printed substrates made of different materials and with 

different post-processing. The results show that proper tuning of 3D printing parameters and suitable coatings 

are required to guarantee that microfluidic devices are indeed biocompatible.  
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Cellulose nanocrystals (CNCs) are attracting growing interest the last years. CNCs are rod like structures with 

dimensions in the nanoscale, produced mainly through acid hydrolysis. The resulting product varies in length 

from 200-500nm and diameter from 3-35nm. Nanocellulose is abundantly available as part of lignocellulosic 

biomass. It is a biodegradable material that combines low density and high strength, while the abundance of 

hydroxyl groups allows modification through surface chemistry and introduction of desired functionalities [1]. 

CNCs are, thus, proposed as sustainable solutions for a wide range of applications such as reinforcing material, 

for biomedical purposes, for conductive materials etc.  

In the present work, we focused on sulfated CNCs. Due to the  high negative charge, these samples form stable 

aqueous suspensions. Our main goal was to design functional hybrid materials when these suspensions were 

mixed with cationic polyelectrolytes, such as (co)polymers containing vinyl benzyl trimethyl ammonium chloride 

[2] or [3-(methacryloylamino)propyl]trimethylammonium chloride. Rheology study revealed that shear viscosity, 

as well as complex viscosity, increase with increasing the CNCs fraction, reaching a maximum at CNCs-rich 

mixtures. A similar trend was also observed for the turbidity of the aqueous mixtures, while ζ-potential decreases 

sharply from highly positive values (due to the polyelectrolyte) to highly negative values (due to CNCs excess) 

at these mixture compositions, possibly indicating a synergistic electrostatic interaction mechanism around 

charge stoichiometry.    

Based on these results, the polyelectrolyte/CNCs compositions were selected to prepare aqueous mixtures at 

higher concentration. Fragile, hard membranes with a macroscopically quite uniform CNCs dispersion were 

obtained. The potential of these materials as dye absorbents for wastewater treatment is evaluated.  
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This study demonstrates the valorization of pyrolytic waste obtained from olive stone thermal decomposition 

into high-value microbial biopolymers, polyhydroxyalkanoates (PHAs) using an enriched mixed microbial culture 

(MMC).The pyrolytic waste was a complex and challenging substrate for microbial metabolism having an acidic 

pH of 2.77, and a total acid number (TAN) of 94 mg KOH/g oil, and composed by various aromatic compounds, 

as identified by GC-MS analysis, including catechol, 3-methyl-1,2-benzenediol, 4-methyl-1,2-benzenediol, and 

2methoxy-5-methylphenol.  

The MMC was cultivated in a sequencing batch reactor (SBR) under controlled conditions to enrich PHA-

accumulating bacteria capable of metabolizing the complex waste-derived compounds. The SBR was operated 

at 27 °C with uncoupled carbon and nitrogen feast/famine cycles of 3 or 4 days each, with nitrogen provided as 

NH₄Cl at 120 mg N/L, while the total carbon concentration was maintained at approximately 6000 mg COD/L. 

The enriched MMC was initially developed on the acidogenic effluents from a pilot -scale reactor fed with the 

liquid fraction of organic municipal waste collected from municipal brown bins. The pyrolytic oil was then 

gradually introduced as substrate at increasing concentrations to enable microbial adaptation starting with 10%, 

followed by 20%, 50%, and finally 100% after 56 operational days. PHA synthesis was monitored through 

polymer content quantification, cell growth, and substrate consumption in terms of d-COD. The resulting 

polyester was identified by gas chromatography (GC) as poly(3-hydroxybutyrate-co-3-hydroxyvalerate) [PHBV 

(93.1:6.9 HB:HV)], achieving yields up to 2.6 g/L and polymer content up to 20% (w/w) of dry biomass. These 

results demonstrate efficient conversion of phenolic-rich pyrolytic waste into PHAs, highlighting the potential for 

sustainable valorization of complex and hazardous waste streams into biodegradable plastics.   
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A novel approach that convers biowaste into bioenergy (green production of hydrogen) and biopolymers (PHAs) 

in a balanced manner will be presented [1-2]. This approach aims to reduce the overall PHAs production cost 

on both a laboratory and a pilot plan scale, paving the way for its wider use in a plethora of applications. Dark 

fermentation was optimized to convert heterogeneous organic waste (including municipal organic waste and 

agro-industrial waste streams) to bio-hydrogen and volatile fatty acids (VFAs) [2]. The potential of the obtained 

VFAs to act as sole carbon source in various fermentation approaches was optimized for the synthesis of 

targeted -industrially relevant- PHAs [2]. Tailored PHAs (derivatives and blends with synthetic biodegradable 

polymers such as PCL, PLA and PVA) were also produced with the aim to improve performance and to offset 

the high price of PHAs.   

Keywords: sustainability, bioplastics, circular economy      

   

 

Figure 1. Schematic representation of the conversion of organic waste to bioenergy and bioplastics.  
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This study investigates the environmental reliability of polyhydroxybutyrate (PHB) biodegradation in municipal 

wastewater treatment plants (WWTPs) through a risk-based assessment of activated sludge (AS) variability and 

its impact on process performance. PHB is an important biodegradable polymer of the polyhydroxyalkanoate 

(PHA) family, which comprises linear polyesters of hydroxyacids and exhibits properties similar to those of 

petrochemical plastics. Over a nine-month period, influent, AS, and effluent were sampled from the municipal 

WWTP of the University of Patras, and their physicochemical and operational parameters were characterized. 

Parallel batch aerobic biodegradation experiments were conducted with PHB (1000 ppm) added in either well -

mixed AS or settled AS in which approximately two-thirds of the supernatant was replaced by fresh WWTP 

influent. The latter setup was designed to assess the influence of incoming nutrients and organic load on PHB 

biodegradability, simulating dynamic WWTP conditions with a hydraulic retention time (HRT) of 24 hours and a 

sludge retention time (SRT) of 5 days.  

Biodegradation rates exhibited significant variation across the samplings, correlating with changes in microbial 

activity, sludge characteristics, and environmental conditions. The extended experimental dataset demonstrated 

that PHB degradation is highly sensitive to operational and environmental fluctuations, particularly temperature 

and nutrient availability. Statistically significant correlations were observed between degradation rates and 

specific sludge parameters, as well as the seasonal average temperatures recorded during the testing periods 

(mid-October, early February, end-March, early May, mid-June, and mid-July, in Greece).  

The findings offer new insights into the reliability and robustness of PHB degradation in realworld WWTPs and 

contribute to risk-informed evaluations of bioplastics integration into urban wastewater streams. By identifying 

key parameters influencing biodegradation performance, this study supports the development of predictive 

models and decision-making frameworks for the sustainable and consistent treatment of bioplastics under 

varying operational conditions).   
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 Aromatic polyesters derived from mandelic acid (MA) have garnered significant interest owing to their 

biodegradability, elevated glass transition temperatures (Tg), and intrinsic chirality— features that enable 

advanced functional materials design. In this work, we present the synthesis of novel copolymers combining 

mandelic acid with lactic acid (LA), glycolic acid (GA), and poly(ethylene glycol) (PEG), utilizing both melt 

polycondensation and ring-opening polymerization (ROP) methods. Our objective was to finely tune the 

thermal, mechanical, and degradation behaviors of these materials by manipulating copolymer composition 

and reaction conditions.   

We confirmed the chemical structure and monomer composition of the copolymers using 1H  

NMR and FT-IR spectroscopy. Thermal properties—including Tg and melting temperature (Tm)—were 

assessed via differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA), while molecular 

weight distributions (Mn ≈ 5–25 kDa) were determined by gel permeation chromatography (GPC), varying with 

monomer feed ratios and catalyst systems. Notably, L-lactide–based copolymers exhibited partial crystallinity 

and accelerated hydrolytic degradation, indicating strong potential for biomedical applications  such as drug 

delivery and tissue engineering scaffolds. Conversely, glycolic acid–rich copolymers yielded amorphous 

networks with rapid degradation profiles, making them ideal candidates for transient packaging or agricultural 

film applications.  

This study demonstrates the versatility of mandelic acid as a sustainable building block for designing copolymers 

with tailored physicochemical properties. The incorporation of aromatic and chiral MA units unlocks pathways 

toward high-performance, biobased polyesters suited for biomedical, packaging, and specialty engineering 

applications.   
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The growing demand for greener and more sustainable polymeric materials has significantly driven the interest 

of scientific research in recent decades. In this context, non-isocyanate polyurethanes (NIPUs) have emerged 

as a promising alternative to conventional polyurethanes (PUs), which rely on toxic isocyanates and petroleum-

derived precursors. NIPUs are synthesized via non-isocyanate pathways, most commonly through the reaction 

of cyclic carbonates with amines, forming urethane linkages without the use of hazardous monomers. This 

approach not only reduces toxicity but also aligns with the principles of green chemistry by utilizing bio-based 

raw materials, offering reduced environmental impact, lower carbon footprints, and enhanced safety in 

production and application. NIPUs offer advantages such as reduced environmental impact, improved worker 

safety, and the potential for a lower carbon footprint. Furthermore, recent studies have demonstrated that NIPUs 

can exhibit desirable properties including good thermal stability, chemical resistance, and mechanical 

performance, making them suitable for coatings, adhesives, foams, and biomedical applications. Although 

challenges remain— such as optimizing reaction kinetics, tailoring material properties, and scaling up bio-based 

production—the rapid progress in this field underscores the potential of NIPUs as a sustainable platform for 

next-generation polyurethane materials.  

This work presents the synthesis and characterization of novel NIPUs derived from four bio-based di-acids; 

adipic, succinic, azelaic, and malonic acid, 1,6-hexamethylenediamine, and glycerol carbonate via a 

polyaddition reaction. The resulting polymers were thoroughly characterized using nuclear magnetic resonance 

spectroscopy (¹H-NMR), Fouriertransform infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), 

differential scanning calorimetry (DSC), X-ray diffraction (XRD), gel permeation chromatography (GPC), 

swelling behavior studies, and enzymatic hydrolysis. They impact of the diacid used in the final NIPU is 

analyzed.   
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Over the last few decades, bio-based polymers have gained increasing attention as sustainable alternatives to 

petrochemical plastics. The development of aliphatic polyesters based on renewable resources provides a 

promising route toward environmentally friendly materials [1], [2]. Two polyesters, poly(butylene azelate) (PBAz) 

and poly(propylene azelate) (PPAz), were synthesized via a two-stage melt polycondensation process, 

comprising esterification followed by polycondensation. In this framework, the influence of two catalysts, 

titanium isopropoxide (TIS) and titanium butoxide (TBT) were investigated. The catalysts were introduced during 

the polycondensation step and their effect on reaction progress and material properties was compared.  

Systematic sampling was performed during polycondensation at 0, 0.5, 1, 2, 3, and 4 hours, with the last point 

representing the final product. Each time-resolved sample was characterized using Fourier-Transform Infrared 

Spectroscopy (FTIR), Intrinsic Viscosity measurements, Gel Permeation Chromatography (GPC), Differential 

Scanning Calorimetry (DSC), and X-Ray Diffraction (XRD). This approach enabled monitoring of functional 

group conversion, molecular weight build-up, and the evolution of the degree of crystallinity and thermal 

transitions as the reaction proceeded.  

The comparative study of TIS and TBT highlighted differences in catalytic activity, polymer growth rate, and 

resulting material structures. This work provides new insights into the design of polycondensation processes for 

biobased aliphatic polyesters, supporting the development of sustainable materials with tunable properties.  
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Poly(lactic acid) (PLA), a prominent bio-based and biodegradable polymer, is increasingly used in packaging 

and consumer applications. However, its environmental profile remains incompletely understood, particularly 

regarding the release of chemical constituents from fragmented PLA particles. This study investigates the 

leaching of additives, monomers, and oligomers from PLA micro- and nanoplastics (MPs/NPs) before and after 

simulated photoaging. PLA pellets were used as the micro-scale particles and PLA NPs were prepared using 

an oilin-water emulsion evaporation method. Both fractions were exposed to simulated solar irradiation for 20 

days to simulate photooxidative aging. Leachates were collected in aqueous media and analyzed using solid-

phase extraction followed by high-resolution liquid chromatography–mass spectrometry (LC-HRMS, Q Exactive 

Orbitrap). A combined suspect and non-target screening strategy was applied using an in-house database 

(>9,600 entries) and spectral libraries (mzCloud), allowing annotation of both intentionally added substances 

(IAS) and non-intentionally added substances (NIAS), including degradation products and potential oligomers. 

Preliminary results revealed distinct leaching profiles between micro- and nanosized PLA particles, with 

nanoscale fractions showing a broader and more intense release spectrum. UV-aged samples demonstrated 

increased leaching of aliphatic esters, fatty acid derivatives, and possible oligomeric breakdown products, while 

some antioxidants and plasticizer-related compounds were depleted or transformed. The presence of 

compounds such as TEMPONE and octadecyl isocyanate suggests UV-induced migration and transformation 

pathways. These findings highlight the chemical complexity of PLA-derived leachates and the influence of 

particle size and photoaging on additive mobility. They underscore the need to incorporate chemical leaching 

assessments into the environmental evaluation of biodegradable plastics, particularly at the nano scale where 

surface area and reactivity are enhanced.  
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This study presents the development of innovative sustainable packaging materials with improved properties, 

using low density polyethylene (LDPE) blended with casein in various concentrations, the latter being extracted 

from expired milk. The films were prepared in situ through extrusion [1]. Attenuated total reflectance-Fourier 

transform infrared spectroscopy (ATR-FTIR) and X-ray diffraction (XRD) experiments were carried out to justify 

the successful integration of casein within the blends and to study the possible interactions between LDPE and 

casein. Scanning electron microscopy (SEM) was used to examine the surface morphology of the films. 

Increase of casein content in the blends led to rougher surface morphology, but the structure remained dense. 

Dynamic mechanical analysis (DMA) measurements were conducted to examine the thermomechanical 

properties of the films. Tensile studies were also made to calculate the stress at break and the maximum strain 

at break. Water vapor transmission method (WVTR) was used to calculate the diffusion coefficient and oxygen 

transmission rate (OTR) measurements were performed to calculate oxygen permeability for examining the 

barrier properties of the prepared films [2]. The overall properties of the composite materials have the potential 

to be used as alternatives toward conventional packaging membranes.   
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This study reports on the development and functionalisation of polyurethane (PU) foams with graphene 

nanoplatelets (GNPs) [1] and bacterial cellulose (BC) in order to be used afterwards as relative humidity (RH) 

regulators. The creation of BC’s base coating onto the surface of PU network prior to GNPs coatings has led to 

superamphiphilic surfaces [2]. A transition from hydrophobicity to superamphiphilicity, and vice versa, has been 

obtained by altering the concentration of the cellulose. The further addition of hydrophilic polymers as polyvinyl 

alcohol (PVA) and polyethylene glycol (PEG) has led to higher rates of water absorption. By incorporating 

sustainable and biocompatible materials, the research aims to enhance the water uptake and moisture-buffering 

capabilities of the as-synthesised PU foams. These functionalised foams provide a passive, energy-efficient 

method for protecting sensitive cultural heritage objects from RH-induced damage in museums.   
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Spin crossover (SCO) complexes are a unique class of coordination compounds capable of reversible spin-

state switching, usually accompanied by a pronounced color change. Despite their potential for applications in 

sensing and functional devices, controlling SCO behavior in solid-state or composite systems remains a major 

challenge. [1] Factors such as host–guest interactions, molecular dispersion, and competing functionalities can 

strongly affect the transition temperature, hysteresis and switching cooperat ivity, often limiting practical 

implementation. Recently, we demonstrated that SCO–polymer interactions, particularly with polysulfone (PSF), 

can be exploited to stabilize spin transition behavior through π–π stacking and specific functional group 

interactions. [2] This opened a pathway toward rational design of polymer-supported SCO materials with tunable 

properties. Here, we extend this approach to multifunctional systems, by investigating how the SCO behavior 

of Fe(1,10- 

phenanthroline)₂(NCS)₂/PSF film is expressed in multifunctional hybrid polymer films and in particular combining 

SCO properties and antimicrobial property (i.e. by means of zinc oxide, ZnO, nanoparticles, widely recognized 

for their antimicrobial activity) in a single platform. The co-integration of SCO and ZnO in PSF not only preserves 

thermochromic response, low migration release profiles and preferable cytotoxicity effect but also introduces 

synergistic properties which result in transparent films due to ZnO-SCO interactions. The findings advance both 

the fundamental understanding of SCO control in complex environments and its translation into real -world 

applications, such as smart food and pharmaceutical packaging.    
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Plant essential oils have recently gained significant attention as eco-friendly antifungal agents in active 

packaging; however, their volatility poses a major challenge in terms of long-term retention within the substrate. 

In this work, the organically modified montmorillonite (O) was used as nanocarrier for essential oils like carvacrol 

(C) and eugenol (E). Moreover, an eugenolloaded nano delivery system was synthesized using glycidyl 

methacrylate (GMA) as a functional monomer. The bioactive nanocarriers were prepared through the 

evaporation/adsorption method, a sustainable approach developed by our team, which is ideal for food 

packaging applications. In a further step, the bioactive nanocarriers were dispersed into polymeric matrices, like 

low-density polyethylene (LDPE) via melt compounding using a mini twin screw extruder to produce 

masterbatches formed subsequently in films for potential use in packaging materials. Characterization of the 

bioactive nanocarriers and films were performed through tensile testing, FTIR and oxygen permeability (OTR) 

measurements. Moreover, the films were systematically characterized for their antioxidant and antifungal 

properties, revealing high antioxidant activity and significant inhibition of fungal growth in white bread.  
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Memristors are two-terminal electronic devices whose resistance depends on the history of applied voltage or 

current, enabling reversible switching between highresistance (HRS) and low-resistance (LRS) states. Such 

bistable behavior forms the basis for non-volatile memory applications. In this study, an organic memristor 

device with an ITO/PVP–MgO/Ag structure was fabricated and characterized. The device employs 

polyvinylpyrrolidone (PVP) as the organic matrix and magnesium oxide (MgO) nanoparticles as inorganic fillers 

to enhance charge transport and trap-assisted switching. The optimized device exhibits stable resistive 

switching with an ON/OFF ratio exceeding 10², high endurance over 200 consecutive cycles, and a retention 

time of more than 103 seconds without significant degradation. The inclusion of MgO nanoparticles is found to 

facilitate the formation and rupture of conductive filaments within the PVP layer by providing localized charge 

trapping centers and improved ion migration pathways. These findings demonstrate the potential of PVP–MgO 

composite layers as promising active media for low-cost, flexible, and reliable organic memristive memory 

devices. 
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Self-healing polymeric materials offer a promising approach to extend the lifetime and functionality of products, 

while contributing to sustainability and supporting the principles of the circular economy. Recent studies have 

been focused on combining intrinsic1 and extrinsic2 mechanisms to enhance healing performance for practical 

applications and develop more robust self-healing systems. In this line, we developed a series of novel water-

triggered selfhealing polyurethane films through the encapsulation of hydrophobic n-butyl acrylate 

(BA)/glycidyl methacrylate (GMA) copolymers1 in polyurea microcapsules (MCs-Cp)2. Aqueous dispersions of 

microcapsules were incorporated into two types of waterborne polyurethanes (WPUs) films, namely 

polycarbonate (PUCb) and polyether (PUEt), and their healing capability was evaluated upon mechanical 

damage. The encapsulation of the organosoluble copolymers allowed their release directly to the damaged 

area avoiding miscibility and compatibility challenges thereby ensuring their applicability even for water-based 

matrices such as PUs. BArich copolymers verified remarkable healing behaviour in both matrices while GMA-

rich copolymers showed limited efficacy1. The comparison of self-healing performance of encapsulated and 

non-encapsulated copolymers strongly influences the major mechanism involved in self-healing process; 

notably, encapsulation surpasses the miscibility restrictions of blended systems and provides superior 

performance. Overall, this work emphasises the importance of fine-tuning multiple parameters such as 

copolymer composition, incorporation strategy and the nature of polyurethane matrices to achieve water -

induced self-healing films. These results pave the way for next-generation self-healing coatings with reduce 

environmental footprint for industrial applications.   
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The development of superhydrophobic and water-repellent surfaces that exhibit high water contact angles and 

low contact angle hysteresis necessitate the appropriate chemistry in conjunction with the appropriate 

hierarchical roughness. Such surfaces have gained a lot of attention due to their self-cleaning properties that 

make them candidates for a plethora of applications. In the majority of the cases, these surfaces depend on 

fluorinated polymer coatings, the use of which is increasingly prohibited due to their harmful effects on health 

and the environment. This work investigates the development of a sustainable alternative to fluorinated coatings 

that are based on Protectosil WS 610 which is a siloxane polymer emulsion. The coatings were deposited 

through dip-coating on various substrates, including glass, stainless steel and polypropylene. To attain the 

appropriate hierarchical roughness, nanoadditives like SiO2 and TiO2 nanoparticles, along with 2D Mxene 

nanosheets, were added to the polymer matrix. Surface properties were assessed via contact angle and contact 

angle hysteresis measurements, along with scanning electron microscopy (SEM). Moreover, abrasion 

resistance and thermal stability tests were performed to assure the durability of the coatings, whereas 

cytotoxicity measurements certified their safe use in applications involving human interaction. Optimal coatings 

had contact angles exceeding 150o and low roll off angles. The coatings exhibited uniform performance on all 

examined substrates, indicating their suitability for various applications. These findings indicate that these 

siloxane-based systems present a practical, eco-friendly substitute for fluorinated coatings, with possible 

applications in self-cleaning surfaces, pollution-resistant materials, and sustainable coatings.   
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 Mechanical stability of polymeric coatings is a necessary property for their utilization in various applications. In 

this work, the mechanical durability and surface characteristics of polymer and polymer nanocomposite coatings 

are investigated utilizing an abrasion tester and the abrasion resistance was evaluated through standardized 

tests, with the coatings subjected to up to 2500 abrasion cycles. Fluorinated and non-fluorinated polymers were 

utilized and their surface properties as well as their surface topography were evaluated prior and following the 

mechanical tests. The coatings are applied to both stainless steel and polypropylene substrates; in the latter 

case the PP surface has been treated with plasma prior the coating deposition. The result of abrasion on the 

various coated surfaces was evaluated using Scanning Electron Microscopy (SEM), Energy Dispersive 

Spectroscopy (EDS), contact angle measurements and profilometry. In most cases, the coatings were found to 

be very stable and unaffected by the applied force. The effect of the development of nanocomposite coatings 

by incorporating various additives like Al₂O₃ and TiO₂ nanoparticles, as well as layered materials like MXene on 

the mechanical performance of the coatings was systematically studied, as well. The stability of the coating 

depended strongly on the interactions between the nanoadditives and the polymer matrix. To enhance the 

abrasion resistance, the addition of an appropriate binder between the substrates and the polymer and/or the 

inorganic nanoadditives is investigated.   
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Polyurethane composites (PUCs) were prepared by incorporating different amounts (0.5, 1 and 2 wt.%) of 

unmodified or surface-modified TiO2 nanoparticles into polyurethane matrix. For the surface modification of TiO2 

nanoparticles, lauryl gallate (LG) was applied. Morphology of the prepared PUCs was investigated by TEM 

analysis. The obtained TEM images revealed that unmodified TiO2 nanoparticles tend to form relatively large 

agglomerates in polymer matrix, whose size increases with increasing TiO2 nanoparticles content. On the other 

hand, surface-modified TiO2 nanoparticles also agglomerated, but in a much lesser extent and they are more or 

less uniformly distributed inside the polyurethane. Besides, their size is much smaller than what is observed for 

unmodified TiO2 nanoparticles. This behavior can be explained by the increased repulsive force between 

modified TiO2 nanoparticles and improved compatibility between TiO2 nanoparticles and polyurethane matrix, 

due to the surface modification with LG (1,2). 
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Polyurethane network (PU) based on polycaprolactone, isophorone diisocyanate, hyperbranched polyester and 

its composites (PUCs), prepared using unmodified or surfacemodified TiO2 nanoparticles, were successfully 

synthesized. PUCs were prepared by incorporation of different amounts (0.5, 1 and 2 wt.%) of unmodified TiO2 

nanoparticles or TiO2 nanoparticles surface-modified with lauryl gallate into PU. Scanning electron microscopy 

(SEM) was used to examine cross-sectional surface and the presence of Ti atoms in PUCs. SEM analysis 

revealed better dispersion of TiO2 nanoparticles in PU after their surface modification. According to the obtained 

SEM-EDS results, all elements existing in PU (C, N, O) and PUC (C, N, O and Ti) structure, except hydrogen 

atoms that cannot be detected by this method, are disclosed. The weight and atomic percentages of Ti atoms 

generally increase with increasing content of TiO2 nanoparticles in PUCs (1,2). 
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Epoxy resins are low molecular weight thermosetting polymers that have been widely used for the development 

of polymer composites and have attracted research interest due to their thermomechanical stability, chemical 

inertness and processability [1,2]. In this work, hybrid epoxy (Ep) nanocomposites reinforced with boron nitride 

(BN) and halloysite nanotubes (HNTs) were developed with 1, 3 and 5 phr (parts per hundred per mass) filler 

concentration. BN is a honeycomb-sheet with one atom thickness that consists of boron and nitrogen atoms, 

arranged in a hexagonal, two-dimensional (2D) structure [3], while HNTs are alumina silicate-based 

onedimensional (1D) materials with a hollow tubular structure [4]. Given the differences in the chemical 

composition and geometry of these two types of reinforcements, the aim of this work is tο draw conclusions in 

regards to their combined effect on the composite’s macroscopic properties.  

For the structural characterization, X-Ray Diffraction (XRD) experiments were carried out, while for the thermal 

characterization, Differential Scanning Calorimetry (DSC) was conducted in order to define the glass transition 

temperature of all samples. For the mechanical characterization, Dynamic Mechanical Analysis (DMA) was 

performed using a three-point bending procedure under a constant frequency of 1 Hz and the influence of filler 

concentration to the storage modulus at room temperature was examined. Additionally, tensile tests were carried 

out and the values of Young’ s modulus, tensile strength and toughness of all the studied samples were 

determined. Dielectric characterization was conducted via Broadband Dielectric Spectroscopy (BDS) 

experiments in the temperature range of -80˚C to 160˚C and in the frequency range of 10-1 Hz to 106 Hz. In 

terms of increasing temperature at constant frequency, γ, β, Intermediate Dipolar Effect (IDE) and α relaxations 

were recorded, while in the high temperature region, electrical response is influenced by polarization and 

conductivity effects such as electrode polarization and interfacial polarization.    
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Poly(vinyl alcohol) (PVA) is a widely used biocompatible polymer with strong antifouling potential, yet improved 

crosslinking methods are needed to boost its mechanical properties.1  Chemical crosslinkers like glutaraldehyde 

and formaldehyde are common but limited by long reaction times and residual toxicity. 2,3  Polyoxometalates 

(POMs), photoreactive metal-oxide clusters, offer an alternative by oxidizing PVA.4 In this work, three PVA 

grades, varying in molecular weight (Mw) and degree of hydrolysis, were evaluated in conjunction with four 

POMs: sodium  phosphomolybdate, ammonium phosphomolybdate (exposure at 365nm), sodium 

metatungstate and ammonium metatungstate (254nm). PVA/POM coatings were fabricated via 

photolithography. Each step of the photolithographic process was optimized to achieve effective crosslinking of 

the PVA coating. Results demonstrated that with all POMs, the higher Mw PVA could be successfully crosslinked 

using lower PVA/POM ratios or lower temperatures at the post-exposure bake step, which is a critical step for 

crosslinking. Overall, this study highlights the crosslinking potential of common POMs and addresses a gap in 

the literature regarding their use with PVA.   
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Poly(ethylene terephthalate) (PET) is a widely used thermoplastic polymer, known for its high mechanical 

strength, transparency, and thermal stability, mainly used in fibers, films, and packaging. However, recycled PET 

(rPET) usually exhibits degraded properties compared to virgin PET. In this work, the incorporation of biochar 

derived from sewage sludge was explored as a sustainable strategy to improve the performance of rPET through 

the formation of polymer nanocomposites. Four nanocomposites of rPET reinforced with 0.5, 1, 2.5, and 5 wt% 

biochar, along with neat rPET, were prepared and characterized. Films were produced by hot -press molding at 

255 °C to ensure uniform morphology and reproducibility across different techniques. Intrinsic viscosity 

measurements were used to calculate the average molecular weight of the polymer. Thermal properties were 

studied by Differential Scanning Calorimetry (DSC) and Thermogravimetric Analysis (TGA), providing 

information on crystallization, glass transition, and thermal stability. TGA showed enhancement of thermal 

stability with the increase of additive ratio. X-ray Diffraction (XRD) was applied to study the crystalline structure 

and assess possible changes in crystallinity due to biochar addition. Polarized Light Microscopy (PLM) 

measurements showed more crystallites at a smaller size as the proportion of additive increased, while Water 

Contact Angle (WCA) measurements indicated that all films remained partially hydrophobic at all additive ratios. 

These results suggest that sewage sludge-derived biochar is a promising, sustainable filler for enhancing the 

performance of recycled PET in packaging and film applications.   
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 Polyacrylonitrile (PAN) and polyaniline (PANi) are technologically important polymers for preparing high 

performance carbon fibres and electrical properties, respectively [1-5].   

In this study nanocomposites consisting of a polyacrylonitrile-polyaniline (PAN-PANi) blend as the matrix and 

graphite nanoplatelets (GNPs) as reinforcing phase were fabricated with varying GNPs content. The PAN–

PANI/GNP nanofibrous mats were produced using a needleless electrospinning apparatus as part of a 

parametric study, in which the GNP content was systematically varied. The morphology of the prepared 

specimens was examined via scanning electron microscopy (SEM), while their thermal response was 

investigated through thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). The 

obtained results are discussed as a function of the amount of GNPs employed.  

  

 

Fig. 1: (a) SEM image of the PAN(50)/PANi(50)/GnPs(10) 9% specimen, and (b) TGA curves of all the tested 

specimens.   
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The development of light-weight structural materials is currently concentrating the scientific research and 

technological interest. The demand for diminishing of greenhouse gases and increasing energy efficiency is 

directly related with the reduce of the weight of transportation facilities (i.e., road vehicles, aircraft and sea 

vessels). For this reason, the replacement of metals with high density with light polymer matrix reinforced 

materials appears as a key point. Light-weight and eco-friendly polymer matrix composites (PMCs) reinforced 

with biocompatible/ biodegradable materials exhibiting suitable thermo-mechanical and electrical behaviour, as 

well as resistance to environmental or chemical attack could be proved a promising solution for the development  

of sustainable light-weight engineering materials [1-4].   

In the present study a series of nanocomposites, of a green epoxy resin reinforced with cellulose nanocrystals 

(CNCs), were fabricated and studied. Prepared specimens were characterized morphologically and structurally 

via scanning electron microscopy (SEM) images and x-ray diffraction (XRD) patterns. Their thermo-mechanical 

performance was assessed by means of dynamic mechanical analysis (DMA) and static mechanical tests. The 

electrical properties of the nanocomposites were investigated by means broadband dielectric spectroscopy 

(BDS) [5,6]. Obtained results are discussed with parameter the amount of the employed CNCs, targeting the 

optimization of the nanocomposites’ performance.   
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Hybrid nanocomposites represent a promising class of multifunctional materials with applications in 

electronics, energy storage, and sustainable engineering. In this work, the development and characterization 

of Cellulose/Fe₃O₄/green epoxy resin hybrid nanocomposites is reported. Hybrid nanocomposites were 

synthesized via an environmentally friendly processing route. The incorporation of cellulose nanocrystals 

(CNCs) and magnetite (Fe₃O₄) nanoparticles into a bio-based epoxy matrix enables the design of advanced 

materials that combine mechanical integrity, magnetic responsiveness, and tailored dielectric properties.  

  

Figure 1: Loss tangent (tanδ) as a function of frequency and temperature for the nanocomposite containing 

3phr Cellulose/5 phr Fe₃O₄ (left). Storage modulus as a function of temperature for all examined systems (right).   

Overall, the investigated Cellulose/Fe₃O₄/green epoxy nanocomposites offer a new pathway toward eco-

friendly, high-performance structural materials with potential applications in sensors, electromagnetic 

shielding, and next-generation dielectric devices.   
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Flame retardant (FR) polymeric materials are in high demand because of safety concerns and regulatory issues. 

FR materials are designed to inhibit or slow the spread of flames, reducing the risk of fire and limiting potential 

damage in various applications, such as wood or fabric coatings and other common applications. Phosphorus-

based compounds and inorganic additives play a critical role in developing safer and more environmentally 

friendly materials for various industries, in contrast to traditional halogenated flame retardants, which are a 

cause for serious concerns. Phosphorus-based compounds have shown up as promising alternatives to flame 

retardants due to their good thermal stability, efficacy in reducing flammability, and relatively lower environmental 

impact.  

This study investigates the interactions between widely used and novel phosphorus -based flame retardants 

incorporated in polymeric matrices, like PBT or PP, along with Al(OH)3 and other inorganic co-fillers. Various 

samples were prepared and subjected to Limiting Oxygen index (LOI) tests to measure their relative 

flammability. Moreover, thermogravimetric analysis (TGA/dTGA) tracked the decomposition behaviour. The char 

residue was also analyzed using structural (FTIR‐ATR, Raman, XRD) and morphological characterizations 

(SEM‐EDS). The results suggest that when a small amount of inorganic filler is used along certain 

phosphorusbased FRs, it acts as a catalytic co-additive enhancing flame retardancy. Specifically, it interacts 

with phosphorus species by supporting the crosslinking reactions that facilitate the formation of stronger char 

structures, leading to enhanced flame retardancy [1]. However, this effect is not uniform, as some systems present 

strong synergistic effects, while others present antagonistic ones that lead to the deterioration of both flame 

retardancy and mechanical properties. These findings were analysed to elucidate which combinations and ratios 

of inorganic co-filler to phosphorus FR yield positive effects, and which do not.  

This approach can contribute to the design of more efficient halogen-free flame-retardant systems, where 

phosphorus-based fillers synergize with small amounts of inorganic additives to achieve improved fire 

performance while simultaneously reducing the overall filler loading.  
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Polyvinyl butyral (PVB) is a terpolymer widely acknowledged for its excellent optical transparency and 

exceptional glass adhesion, because of its vinyl alcohol monomer sites. As a result of the latter properties, PVB 

is widely used as a critical interlayer material between two glass sheets in laminated safety glass. The robust 

interaction between PVB and the silanol groups of glass significantly enhances the mechanical integrity, impact 

resistance, and post-breakage behavior of laminated glass structures, thereby improving safety and durability 

in both automotive and construction applications. Beyond its role as an interlayer in laminated glass, PVB has 

the potential to form composite materials with improved mechanical and thermal performance when reinforced 

with silica or other silicate materials. Incorporating silicate particles into the PVB matrix rigidity and thermal 

stability can be improved, making the material suitable for advanced applications such as enhanced laminated 

safety glass, protective coatings, and improved 3D printing material. Current research focuses on optimizing 

key parameters including particle size and morphology (e.g., flakes, fibers, nanoparticles), surface 

functionalization (e.g., silane coupling agents), and loading levels (5%, 10%, 15% w/w) to tailor the composite’s 

properties for specific applications or even upcycling of secondary PVB wastes. To evaluate the effects of the 

reinforcement, a range of characterization techniques are employed, including ATR-FTIR, optical microscopy, 

thermogravimetric analysis (TGA), mechanical testing (tensile strength and impact resistance), melt flow rate 

analysis, light transmittance, and water absorption testing [1], [2].  
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High-density polyethylene (HDPE) is one of the most widely produced thermoplastic polymers globally, with 

applications ranging from packaging to construction materials. However, its petrochemical origin and non-

biodegradable nature have raised concerns regarding environmental sustainability. In this context, the 

development of bio-based polymer composites has gained significant interest. Among renewable fillers, 

nanolignin has emerged as a promising additive due to its antioxidant properties, thermal stabil ity, and 

reinforcing potential. Furthermore, the use of nanolignin offers distinct advantages, including increased 

surface area, improved dispersion within the polymer matrix, and enhanced interfacial interactions [1].  

The present work explores the incorporation of nanolignin into the HDPE matrix as a means to enhance the 

material's performance while promoting the use of renewable resources. The nanocomposites were prepared 

through melt mixing at 190 °C, and characterized in terms of their structure, morphology, and thermal behavior 

via Fourier-Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM) and Differential 

Scanning Calorimetry (DSC), respectively. In addition, tensile tests were performed revealing a significant 

improvement in flexibility and tensile strength compared to the samples containing Kraft lignin.   
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Poly(ethylene oxide) (PEO) has a variety of applications, e.g. in the pharmaceutical industry, and as the 

electrolyte in solid state batteries. For the first time, both absolute (mono-dispersed) and poly-dispersed PEG, 

with molecular molar mass below the entanglement, are probed [1]. Investigation of the thermal properties 

(Differential Scanning Calorimetry, DSC) and of the crystallization of these model PEO homopolymers, is made 

over different length-scales, from the unit cell level and the lamellar morphology (WAXS and SAXS, 

respectively), up to the spherulitic/axialitic superstructure (by Polarized Optical Microscopy) [2]. We discuss the 

effect of polydispersity and molar mass on the crystallization process and kinetics. Lastly, the dynamics 

investigation (Broadband Dielectric Spectroscopy, BDS) elucidates on the local dynamics (𝑎, 𝛽, 𝛾 - relaxation) 

and provides an insight on the possible existence of global dynamics in PEO (longest normal mode relaxation) 

[3].  

  

Acknowledgements  

V.M. was supported by the Research Committee of the University of Ioannina (Grant: Strengthening and 

supporting the operation and the development of research and education activities of the University of Ioannina).  

References  

[1] Moschos, V.;, Frey, H.; Floudas, G.; (in prepartion)  

[2] Zardalidis, G.; Mars, J.; Allgaier, J.; Mezger, M.; Richter, D.; Floudas, G. Influence of Chain  

Topology on Polymer Crystallization: Poly(Ethylene Oxide) (PEO) Rings vs. Linear Chains. Soft Matter 2016, 

12 (39), 8124–8134  

[3] Lunkenheimer, P.; Loidl, A. Relaxation Dynamics of Poly(Ethylene Oxide). Macromolecules 2025, 58 (7), 

3547–3553.  

  



POLYCONF 15 

 

15th Hellenic Polymer Society Conference 
3 - 6 December 2025, Patras, Greece 

131 
 

P31. Elastic properties of cyanobiphenyl-based dimers determined through 

capacitance measurements in electric/magnetic fields 

P. Kapsali1, E. E. Zavvou1, W. Jiang2, C. Welch2, G.H. Mehl2, C. A. Krontiras1, A. G. 

Vanakaras3, P. K. Karahaliou1  

  

1Department of Physics, University of Patras, Patras 26504, Greece;  

2Department of Chemistry, University of Hull, Hull HU6 7RX, UK;  

3Department of Materials Science, University of Patras, 26504 Patras, Greece;  

  

Liquid crystal (LC) dimers are composed of two rigid mesogenic groups joined via a flexible spacer. In recent 

years, it has been found that achiral liquid crystal oligomers exhibit a firstorder transition from a conventional 

nematic to low-temperature nematic phase (NTB/PT) with nanoscale heliconical modulation of the local 

orientational order.1,2 Left- and right-handed helices are equiprobable resulting in the spontaneous breaking of 

mirror symmetry in the absence of positional order. The prototypical LC dimers that form the NTB/PT phase are 

the CBnCB dimers, in which two cyanobiphenyl units are linked with an odd-membered alkyl spacer. The overall 

bent molecular shape has been proven necessary for the emergence of the NTB/PT phase and is linked to the 

softening of the bend elastic constant on approaching the NNTB/PT phase transition.3 However, minor alterations 

to the linking units between the spacer and the mesogenic cores may suppress the formation of the mesophase, 

even for bent-shaped dimers, indicating the critical role of the conformational properties of the spacer on the 

overall molecular shape.4  

In this work, we explore the elastic properties of the ether-linked CBOnOCB dimers (n= 5-11), which, despite 

their overall bent shape and chemical affinity with the prototypical CBnCB dimers, are conventional nematogens. 

Nevertheless, their capability to facilitate the incidence of the NTB/PT phase5,6 motivated us to investigate their 

elastic properties as a function of the spacer length. The elastic constants in the nematic phase of all studied 

systems have been determined through combined capacitance measurements of the Freedericksz transition in 

electric and magnetic fields, allowing for the determination of the diamagnetic susceptibility. Results are 

compared with the analogous methylene-linked CBnCB dimers, as well as with a corresponding monomeric 

nematogen, and provide valuable insights into the self-organisation within the nematic phase of 

methylene/ether-linked dimers and therefore into their propensity to spontaneously assemble into chiral 

superstructures.   
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We report the morphological characterization of linear diblock copolymers of the polystyreneb-

poly(dimethylsiloxane) (PS-b-PDMS) type before and after blending with PS or PDMS homopolymers. All 

materials were synthesized through anionic polymerization while sequential addition of the two monomers was 

utilized in the case of diblock copolymers. Our aim is to use single composit ion copolymers to perform phase 

transformations using different selective solvents and/or by mixing with low-molecular-weight PS or PDMS 

homopolymers. Through this facile methodology a library of simple and complex network phases is acquired. 

We are able to tune the volume fraction of the components through the homogeneous blending, enabling even 

kinetically trapped metastable phases [1,2].   

Prior to the morphological accessment the materials were molecularly characterized through proton nuclear 

magnetic resonance spectroscopy (1H-NMR) and size exclusion chromatography (SEC). The results indicated 

high molecular and compositional homogeneity and therefore narrow dispersity indices were acquired in 

accordance to the high standards of anionic polymerization. The thermal characterization was conducted with 

differential scanning calorimetry (DSC) indicating the thermal transitions such as glass transition temperatures 

(Tg) and the potential microphase separation ability of the copolymers prior to the morphological study. To probe 

the structure/properties relationship for the as-cast pristine and blended materials, small angle X-ray scattering 

(SAXS) and transmission electron microscopy (TEM) were employed, unveiling important information related to 

the structural transition mechanisms.  
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Polymers are widely used in industrial and research applications, where their mechanical performance is often 

a key design. Understanding how local stress develops around defects, such as holes and notches, is crucial, 

since cracks arose and propagate from these regions [1]. However, direct experimental assessment of local 

strain/stress concentration remains challenging, with most of the studies relying on numerical simulations [2]. 

In this work, we propose the use of a monolayer graphene, grown by chemical  vapor deposition (CVD), as an 

ultrasensitive strain sensor for monitoring stress concentration in poly(methyl methacrylate) (PMMA) with a 

circular notch. This approach exploits the strain sensitivity of the 2D Raman peak of graphene, via combining 

in-situ Raman spectroscopy with uniaxial tensile testing, enabling the quantitative assessment of the local 

strain/stress distribution. The stress profiles obtained from the graphene sensor were compared with the ones 

obtained via Finite Element Analysis (FEA), and the experimentally derived  Stress Concentration Factor (2.41) 

showed remarkable agreement with Finite Element Analysis (2.52) and literature values, showcasing the 

reliability of this approach. This study demonstrates that the experimental assessment of stress concentration 

in polymers is both accurate and predictive, providing critical insight into the stress/strain fields that lead to crack 

initiation and failure. Delving into these insights is essential for understanding the mechanical performance of  

brittle polymers and enhance their structural reliability.   
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Highly resolved and statistically detailed analysis of the BCPs’ (block copolymers) structures at the nanoscale 

is provided using advanced characterization techniques. Soft matter materials such as polystyrene-b-

poly(dimethylsiloxane) (PS-b-PDMS) form network-like morphologies including double-gyroid, double diamond, 

double primitive and Frank-Kasper-like network phases. The nanostructures are usually studied through 

transmission electron microscopy (TEM) as well as electron microscopy (EM) tomography in real-space and 

small angle X-ray scattering (SAXS) in reciprocal space. Focused ion beam-scanning electron microscopy 

(FIBSEM) has recently drawn significant attention because it provides significantly larger reconstruction 

volumes in all three spatial dimensions [1]. Measurements with high-fidelity afford valuable information related 

to the formation mechanisms, sub-cell structures and structure-property relationship (Figure 1) of the materials 

which are important for several applications (e.g. photonic/phononic etc.). We demonstrate geometrical and 

topological defects in complex assemblies using this newly developed characterization technique for soft 

materials.  

  

Figure 1. FIB cross sectional SEM image of DG structure (mag: 25000 x, dwell time: 100 ns). Scale bar 

corresponds to 1 μm. Yellow and green areas showcase specific DG slice planes and/or defects. A (143) slice 

simulation (right image corresponding to purple area) is provided.    
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This work presents a sustainable approach to composite production using renewable and recycled resources, 

supporting a circular materials economy. Waste poly(ethylene terephthalate) (PET) was depolymerized with 

propylene glycol and reacted with bio-based maleic anhydride to synthesize a bio-unsaturated polyester resin 

(b-UPR). The resin is reinforced with acryloyl-modified kraft lignin (KfL-A) [1] and biosilicate nanoparticles from 

rice husk, both unmodified and modified with three types of silanes (3-trimethoxysilylpropyl methacrylate-

MEMO, trimethoxyvinylsilane - TMEVS, and 3-aminopropyltrimethoxysilane – APTES) [2]. Scanning electron 

microscopy (SEM) and transmission electron microscopy (TEM) analyses confirmed the structural and 

morphological features. Mechanical testing showed that adding KfL-A improved flexibility but lowered hardness 

and tensile strength, while vinyl-modified biosilica increased tensile strength by up to 88% at 2.5 wt.% loading. 

Fire resistance improved proportionally with filler addit ion, meeting UL-94 flammability standards. A closed-loop 

use was demonstrated by recycling aged b-UPR composites as fillers in conventional resins to produce durable, 

impact-resistant surfaces. The resulting materials contain up to 64% renewable and recycled content, promoting 

easier degradation than PET and reducing environmental impact. This study demonstrates that combining bio-

based resins with waste-derived fillers can produce high-performance composites aligned with sustainability 

goals.  
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Unsaturated polyester resin/UPR-based polymer composites reinforced with bio-silica nanoparticles were 

synthesized using waste poly(ethylene terephthalate) (PET). Rice husk as biomass source was used to make 

bio silica-particles. Three different types of silanes were used to modify the silica surface: MEMO (3-

trimethoxysilylpropyl methacrylate), TMEVS (3trimethoxyvinylsilane), and APTMS (3-

aminopropyltrimethoxysilane) [1]. The filler concentrations in produced composites were: 1.0, 2.5, and 5.0 wt. 

%. Microhardness of composite was evaluated using Vickers indentation. The Response Surface Methodology 

(RSM) is a powerful statistical and mathematical tool for modelling and optimising processes in which several 

variables influence a response [2, 3]. In this study to analyse microhardness of the composites RSM was used 

to predict and optimize microhardness values based on measurement parameters and synthesis parameters. 

RSM builds a mathematical model to approximate the relationship between independent variables (loads, time, 

modification) and a dependent variable (microhardness). For design of experiments the Central Composite 

Design method was applied [2, 3]. With a confidence level of 80% for 120 experimental variables, the ideal 

parameters for the maximum microhardness (459 MPa) were: vinyl modified silica, 0.7 N applied load and very 

short dwell time. The 2.5 wt. % is the ideal concentration of silica to achieve the highest microhardness.  
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Amphiphilic polymers have been traditionally used as drug delivery systems (DDS), due to their ability to self-

assemble in selective solvents. Block copolymers containing tertiary amine form complexes with siRNA 

rendering their delivery within a living organism feasible. The synergistic properties of the tertiary amine-based 

amphiphilic copolymers provide the ability to deliver a multitude of active agents 1,2. In this study we synthesized 

novel triblock terpolymers of the ABC type where A: polyethylene glycol (PEG), B: poly[2-(dimethylamino) ethyl 

methacrylate] (PDMAEMA) and C: poly lactic acid (PLA). The synthesis of these polymers was conducted using 

the PEG segment as a macroinitiator for the subsequent polymerization of 2(dimethylamino) ethyl methacrylate 

through atom transfer radical polymerization. Ring opening polymerization of d,l -Lactide was then performed 

using the 3-butyn-1-ol as an initiator. The final step involved “click” chemistry to combine the end-functionalized 

PEG-b-PDMAEMA-N3 with butynyl-PLA towards the formation of final triblock terpolymers. The study focuses 

on the alternation of properties when the ratio of the hydrophilic to lipophilic block was altered, and how the self-

assembly of the terpolymers into micelles is affected. The synthesized polymers were characterized by proton 

nuclear magnetic resonance (1H NMR) and gel permeation chromatography (GPC) to verify the success of the 

polymerization and IR spectroscopy to confirm the characteristic chemical shifts of the func tional groups. Finally, 

differential scanning calorimetry (DSC) led to important results concerning the thermal stability of the 

intermediate copolymers and final products.    
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In this study, we report the synthesis and chemical functionalization of two block copolymers designed for 

covalent conjugation with paclitaxel (PTX). The polypeptide blocks were prepared via ring-opening 

polymerization (ROP) of γ-benzyl-L-glutamate NCA (BLG-NCA) and NCA(tritL-histidine), using an amine end-

functionalized poly(ethylene oxide) (mPEO-NH2) macroinitiator as the first block.1,2 The hydrophilic PEO shell 

prolongs circulation time and provides a “stealth mode” for the resulting nanoparticles. 3 Following 

polymerization, the peptidic blocks were deprotected: strong acidic conditions removed the trityl group from 

histidine, and hydrazine cleaved the benzyl group from glutamate, yielding the hydrazide intermediate 

(PLGHYD), which represents the first step of chemical modification. Subsequent coupling with levulinic acid 

(PLG-HYD-LA) introduced reactive linkers, followed by covalent conjugation of PTX to generate the final 

polymer–drug conjugates.4 These stepwise modifications were applied to both PEO-b-PBLG, yielding PEO-b-

P(LG-HYD-LEV), and PEO-b-PHis-b-PBLG, yielding the pH-responsive PEO-b-PHis-b-P(LG-HYD-LEV). This 

synthetic strategy allows precise control over polymer composition, linker incorporation, and drug loading, 

producing water-soluble, well-defined polymer–drug constructs suitable for nanoparticle assembly.4 The 

inclusion of a pH-responsive poly(L-histidine) block enhances the potential for tunable drug delivery, providing 

a robust foundation for the rational design of effective polymeric nanocarriers.  
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Block copolymers with densely grafted macromolecular architecture are promising for drug delivery and energy 

storage applications. The self-assembly and dynamics of double hydrophilic block copolymers (DHBCs) 

composed of densely grafted poly(vinyl benzyl trimethylammonium chloride) (PVBTMAC) and Poly(oligo 

ethylene glycol methacrylate) (POEGMA) parent blocks are investigated, by means of calorimetry, X-ray 

diffraction, and dielectric spectroscopy. [1] The presence of intermixed nanodomains results in homogeneous 

relaxation dynamics, as evidenced through isothermal dielectric and temperature-modulated DSC 

measurements.[1] The intermixed process undergoes a glass transition at a temperature approximately 40 K 

higher than the vitrification of bulk POEGMA segments for the copolymer with 20 wt.% of PVBTMAC and it shifts 

to an even higher temperature by increasing the content of the hard block. The relaxation dynamics of the 

studied DHBCs are compared with those found in amphiphilic copolymers bearing the same POEGMA block.[2] 

Through small amplitude oscillatory shear (SAOS) rheological measurements, we report that the viscoelastic 

response of DHBCs are governed by the interfacial glass transition temperature (Tg
inter).[1,3] The tunable viscosity 

values and shear-thinning behavior achieved through alteration of the copolymer composition and block 

arrangement along the backbone render the studied DHBCs promising candidates for drug delivery 

applications.[3] Furthermore, the DHBCs are used alongside with myoglobin in solution to study the presence of 

polyelectrolyte-myoglobin complexes by employing dielectric spectroscopy, rheology and atomic force 

microscopy (AFM) measurements.[4] We report that the introduction of myoglobin markedly decelerates the 

relaxation dynamics and increases the solution’s viscosity due to the formation of polyelectyrolyte-myoglobin 

electrostatic complexes, as structurally evidenced by AFM measurements.   
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In this study, we report the successful synthesis of well-defined linear pentablock hybrid quarterpolypeptides 

with the architecture (PSAR)-b-(PHIS-co-PBLG)-b-(PLL)-b-(PHIS-coPBLG)-b-(PSAR). The polymers were 

obtained through sequential ring-opening polymerization (ROP) of N-carboxyanhydride (NCA) monomers under 

high-vacuum conditions.  

1Polymerization was initiated with 1,6-diaminohexane and carried out in a custom-designed, flame-dried glass 

apparatus using dry DMF as solvent under an inert atmosphere. The synthetic process proceeded stepwise: 

first, L-lysine (PLL) was polymerized to generate the central hydrophilic block, followed by the statistical 

copolymerization of histidine (PHIS) and γ-benzylL-glutamate (PBLG) in a 1:1 molar ratio to construct the 

amphiphilic flanking blocks. Finally, poly-sarcosine (PSAR) was attached at both termini to complete the 

pentablock structure. Polymerization was monitored and confirmed via FTIR and SEC analysis. Subsequent 

deprotection of trityl and BOC groups was achieved by acidolysis using trifluoroacetic acid (TFA) and 

triethylsilane. The resulting polymers were purified through precipitation, dialysis, and lyophilization. Upon pH 

adjustment in aqueous media, the deprotected copolymers formed stable hydrogels. Final characterization by 

¹H-NMR and SEC verified the anticipated block architecture and molecular weight distribution. Importantly, these 

pentablock copolymers exhibited stimuli-responsive behavior, underscoring their potential as versatile 

candidates for hydrogel-based drug delivery systems and advanced biomaterial applications.2 The ultimate goal 

of this work is to develop advanced drug delivery systems capable of delivering multiple drugs selectively and 

effectively to tumor cells, thereby reducing systemic side effects.  

 

Figure 1: Schematic representation of the polymerization reactions.  
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Mediterranean anemia (β-thalassemia) is a blood disorder that often requires repeated transfusions, which 

cause iron overload and require long-term iron-chelation therapy [1]. To address this clinical need, 

thermoresponsive hydrogels of poly(lactic acid) (PLA) and poly(ethylene glycol) (PEG) were developed, aiming 

at the targeted and controlled release of deferoxamine (DFO), a widely used iron-chelating agent [2]. Triblock 

(PLA-PEG-PLA) and diblock (mPEG-PLA) copolymers were synthesized by ring-opening polymerization (ROP) 

using PEG with different molecular weights (1000, 1500, 2000, 4000, and 6000 g/mol) and two types of lactide 

(L- and D-lactide) [3]. Emulsions of these polymers in phosphate-buffered saline (PBS) were prepared at 

concentrations ranging from 10% to 50% w/v to evaluate sol–gel transition behavior. Only copolymers displaying 

thermoresponsive sol-to-gel transitions near physiological temperature (37 °C) were selected for detailed study. 

Structural and molecular confirmation was performed by Nuclear Magnetic Resonance (NMR) and Fourier-

Transform Infrared Spectroscopy (FTIR), while molecular weights were determined by Gel Permeation 

Chromatography (GPC). Differential Scanning Calorimetry (DSC) and X-Ray Diffraction (XRD) were used to 

assess thermal properties and crystallinity, respectively [4]. DFO-loaded hydrogels were subsequently prepared, 

and their drug-release profiles were monitored for seven days under simulated physiological conditions (37 °C) 

using High-Performance Liquid Chromatography (HPLC).     
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This study aims to enhance the biological half-life of a therapeutic protein by encapsulating it and assessing its 

functional activity through in vivo testing. 1  

Figure 1: Poly-histidine conformations in acidic and basic environments.  

 A soluble mutant of the extracellular domain of the α1 subunit of the acetylcholine receptor  

(α1-ECDm), containing key auto-epitopes implicated in Myasthenia Gravis (MG), was utilized.2 To enable 

efficient systemic delivery, a hybrid copolymer of the type poly(ethylene oxide) -bpoly(L-histidine) (PEO-b-PHIS), 

was synthesized, leveraging its ability to form self-assembled core–shell micelles.3,4 The therapeutic potential 

and safety of intravenous administration were evaluated in a rat model of autoimmune disease. In vivo results 

confirmed successful incorporation and biological activity of the encapsulated protein. Electrophoresis analysis 

following nanoparticle incubation under varying pH conditions, with imidazole and DMSO, demonstrated protein 

release, though DMSO exposure appeared to alter protein conformation. Furthermore, radioactivity 

measurements quantified the bound protein fraction.  
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We study the electrostatic complexation between two oppositely charged polysaccharides, namely the anionic 

chondroitin sulfate (CS) and the cationic diethylaminoethyl dextran (DD), for the preparation of well -defined 

nanocomplexes (NCs). NCs are prepared across a large range of charge ratios (CR=[-]/[+]) while the ones 

between 0.8 and 5 exhibit optimal structural properties. Dynamic light scattering (DLS) reveals monomodal 

hydrodynamic radius (Rh) distributions with mean values around 80-120 nm (hydrodynamic diameter around 

160-240 nm) and low polydispersity indices (around 0.100-0.188). Through static light scattering (SLS) the 

molar mass (M) and gyroscopic radii (Rg) of the NCs are in the range 8·107-1·109 g/mol and 95-120 nm 

respectively. The shape factors (ρ=Rg/Rh) are in the range 0.91-1.33 indicating the spherical and microgel 

morphology of the NCs. TEM images verify the spherical shape of the NCs with similar and slightly smaller 

sizes than the LS reported ones. Surface charge measurements indicate good colloidal stability with absolute 

values around 40 mV, while charge neutralization is reported at CR 1.25 due to change of the ζ-potential from 

positive to negative values. The NCs exhibit stability over the span of one month reported by LS 

measurements. Fluorescence spectroscopy (FS) measurements using pyrene reveal possible hydrophobic 

nanodomains inside the NCs despite the overall highly hydrophilic nature of the NCs. Conclusively, the CS/DD 

NCs showcase tunable physicochemical characteristics and properties for drug delivery and food science 

applications and are considered good candidates for the encapsulation of model biomacromolecules and for 

the interaction with biomimetic and biorelevant systems.  
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One major public health issue is cancer chemotherapy; despite the constant progress in the area, administration 

of anticancer drugs to patients is often associated with serious side effects.  Repeated injections are frequently 

required to achieve efficiency and impose serious constraints on the patient’s quality of life. It is therefore 

imperative to develop vehicles for encapsulation and controlled delivery of such drugs. Herein, we report the 

encapsulation into self-assembled peptide hydrogels of an anticancer peptide drug, bortezomib; bortezomib is 

a proteasome inhibitor approved for the treatment of multiple myeloma and mantle cell lymphoma. A series of 

dipeptides with a similar chemical formula to Bortezomib with hydrogel-forming ability were explored for their 

propensity to bind to the drug molecule, using all-atom molecular dynamics simulations. Dipeptides are divided 

into two classes, the protected FF (Fmoc-FF and Z-FF) and the LF-based (Cyclo-LF and LF) ones. The 

thermodynamic stability of the complexes formed in an aqueous environment, as well as key morphological 

features of the nanoassemblies were investigated at the molecular level. Binding enthalpy between Bortezomib 

and dipeptides follows the increasing order: LF < Cyclo-LF < Fmoc-FF < Z-FF under both van der Waals and 

electrostatic contributions. Protected FF dipeptides have higher affinity for the drug molecule, which will favor 

its entrapment, giving them an edge over the LF based dipeptides. By evaluating the various measures, 

regarding both the binding between the two components and the eventual ability of controlled drug release, we 

selected Fmoc-FF as the most suitable for drug release of Bortezomib. Moreover, to evaluate the ability of the 

Fmoc-FF hydrogels to function as efficient delivery vehicles, we carried out experimental release assays with 

UV-Visible spectroscopy, mass spectroscopy and biological activity assessment methods. We found out that 

Bortezomib followed a cumulative release pattern with a time constant of 74 + / - 12 hours, while maintaining its 

ability to inhibit proteasome. Based on these theoretical and experimental results, we propose the Fmoc -FF 

dipeptide hydrogel as a promising matrix for the controlled delivery of Bortezomib.   
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Bacterial cellulose (BC) is a green nanomaterial with diverse applications. While acid hydrolysis is commonly 

used for BC modification to produce bacterial nanocellulose (BNC), it poses environmental risks. Enzymatic 

hydrolysis offers a sustainable alternative, while non-thermal plasma (NTP) can further activate and modify BC, 

leading to BNC with enhanced performance. This study explored the structural modification of BC through 

enzymatic hydrolysis, using varying cellulase activities and substrate concentrations. Optimal hydrolysis 

conditions (50 U/g BC; 20 g/L BC) were established to balance recovery and homogeneity (yielding BNC1). 

Hydrolysis was further combined with NTP by suspending BC into plasma-activated water prior to hydrolysis 

(BNC2). In another approach, BC suspensions were pretreated using a plasma bubble reactor followed by 

hydrolysis (BNC3). BNC1 and BNC2 yields were similar (~50%) while BNC3 yield was significantly higher (78%) 

compared to BNC1. That dual approach led to BC defibrillation as revealed by AFM/Cryo-TEM. The reduction 

in melting temperature observed was correlated with a crystallinity drop. Dual enzymatic and plasma-assisted 

methods enable the controlled modification of cellulose nanocomposites, supporting sustainable material 

development.   
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Single chain nanoparticles (SCNPs) represent a distinct class of polymeric nanostructures, synthesized via 

the intramolecular collapse of individual polymer chains. Their well -defined size and controlled distribution of 

functional groups make them highly promising for applications that demand precise molecular organization.   

In this study, the synthesis of tadpole-shaped single chain nanoparticles is discussed. The precursor structure 

was designed as a block copolymer composed of two distinct domains: a styrenic block and a statistical 

copolymer of styrene (St) and 4-vinyl benzocyclobutene (4VBCB), denoted as PS-b-(PS-co-P4VBCB).  

Initially, anionic polymerization was employed to synthesize a styrenic chain bearing a hydroxyl end group. 

Subsequently, Williamson etherification reaction was conducted, between the hydroxyl terminated PS and a 

Nitroxide Mediated Polymerization (NMP) initiator carrying a chlorine group, in order to generate an 

NMPmacroinitiator. This macroinitiator was then utilized for NMP polymerization to prepare the statistical 

copolymer (PS-co-P4VBCB) of the precursor. The resulting linear chains were then intramolecular cross -

linked, under extreme dilute conditions, by a [4+4] thermal cycloaddition  between the cyclobutene moieties. 

Well defined SCNPs with variable cross-linker fractions (CrF) and molecular weights were obtained through 

this procedure.  

Finally, the molecular characteristics of the SCNPs were obtained by Proton Nuclear Magnetic Resonance ( 1H 

NMR), Size Exclusion Chromatography (SEC), Dynamic Light Scattering (DLS) and Viscometry, confirming 

the successful synthesis of the tadpole-shaped SCNPs.  
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Advances in polymer science have led to the synthesis of complex macromolecular structures, inspired by the 

defined sequences found in natural molecules, such as proteins. In this light, the development of single- chain 

nanoparticle (SCNP) polymeric systems is currently being intensively investigated. These nanoparticles are 

created through self-folding of the polymer chain at specified points, and depending on the nature of the bond, 

the development of a dynamic system can take place. Intramolecular networking through dynamic bonds, such 

as those between ionic dipoles allows for changes in nanoparticle configuration in response to external stimuli. 

Polystyrene-based SCNPs synthesized through the development of ionic interactions are presented. Radical 

RAFT polymerization was carried out for the synthesis of linear polystyrene chains containing 4-vinylpyridine 

monomer groups at a 1-3% molar ratio. Through reaction with 1,3-propanesultone, the 4-vinylpyridine monomer 

serves as the site for the introduction of ionic dipoles into the polymer chain via quaternization of the pyridine 

nitrogen. In the presence of a nonpolar solvent, the ionic dipoles subsequently attract each other, forming 

reversible intramolecular cross-links along the polymer chain. The molecular weight and polydispersity of the 

polymeric samples were evaluated by Size Exclusion Chromatography, while the percentage of 4-vinylpyridine 

and ion pairs incorporated into the polymer chain was determined by 1H-NMR spectroscopy measurements. 

Differential Scanning Calorimetry (DSC) was employed to examine the thermal properties of the linear polymer 

chain compared to the forming network. Additionally, viscosity and Dynamic Light Scattering (DLS) 

measurements were performed to verify network formation, by comparing the intrinsic viscosity and 

hydrodynamic radius of the linear and cross-linked samples.   
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Free radical photopolymerization process has received more attention in the past few decades as an 

environment friendly, high and economical technique which is widely used in coatings, medicine, dental  
materials, etc. [1] The photoinitiator (PI) which absorbs the light and generates the active radical species is the 

crucial component in the photopolymerisation process and play a pivotal role in the initiation’s activity.  Generally, 

photoinitiator systems can be divided into two types depending on the photoinitiating mechanism: (i) Type I, 

includes compounds bearing a weak bond, which undergo direct photo fragmentation reaction after light 

absorption, forming the active free radicals. (ii) Type II photoinitiators are based on compounds whose triplet 

(T1) excited state reacts via hydrogen abstraction (or via an electron / proton transfer) from a second compound 

that plays the role of co-initiator, creating the reactive radicals that initiate polymerization  

 

In the presence study we examine a series of type I thioether photoinitiators which are based on anthraquinone 

chromophore for the photopolymerization of methyl methacrylate (MMA) [2]. The purpose of the study is: (i) to 

synthesize new type I photoinitiators, producing thiyl radicals which add to the carbon-carbon double bonds of 

acrylic monomers and at the same time are not greatly affected by atmospheric oxygen. (ii) to study thoroughly 

their photophysical/ photochemical properties and (iii) to investigate the mechanism of the photodegradation 

reaction. For this purpose, the techniques of ΝΜR, FT-IR, UV-vis and fluorescence spectroscopy. The whole 

study is supported by quantum chemical DFT calculations of the ground and excited states, as well as, TD-DFT 

and IRC calculations.   
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 The increasing demand for clean water and sustainable purification technologies has intensified research into 

advanced polymer-based materials. Among these, photocatalysis is a green and efficient oxidation process 

capable of degrading organic pollutants under light irradiation. However, conventional slurry photocatalyst 

systems are hindered by nanoparticle aggregation, difficult recovery, and limited reusability. Immobilizing 

nanoscale photocatalysts within polymeric nanofibrous membranes offers a promising solution, combining 

structural stability, recyclability, and enhanced surface area for catalytic reactions.  

In this study, two polymers, polyamide 6 (PA6, nylon) and polyacrylonitrile (PAN), were used to prepare 

electrospun nanofibrous membranes. Polymer solutions were blended with zinc oxide (ZnO) and titanium 

dioxide (TiO2) nanoparticles at loadings of 0.5–5% w/w and electrospun to form composite membranes. The 

morphology and structure of the resulting fibers were characterized using electron microscopy and 

spectroscopic techniques. The photocatalytic performance of the immobilized nanoparticles was evaluated via 

the degradation of methylene blue (MB), a model organic dye. ZnO- and TiO₂-loaded fibers exhibited distinct 

activity–loading trends, likely related to the effective volume fraction of exposed particles. Performance also 

depended on the polymer matrix; notably, the 5% w/w ZnO/PAN and 5% w/w TiO₂/PA6 composites showed the 

highest photocatalytic efficiency. These findings underline the critical role of polymer selection in optimizing 

photocatalyst immobilization and activity, paving the way for sustainable hybrid membranes for advanced water 

purification.  
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Polymeric materials possess an inherent ability to self-assemble into well-defined nanoscale morphologies in 

bulk or selective solvent environments, making them promising candidates for nanolithographic applications. 

Elaborating further, polymer brushes, consisting of a backbone with grafted segments, offer tunable surface 

properties through controlled thin film formation, often diverging from bulk behavior unveiling the potential of 

such polymer systems in numerous applications in the nanotechnology field.  Taking into consideration the 

aforementioned, direct functionalization of specific blocks enables the direct formation of selfassembled 

nanostructures with fascinating properties.  

In this study, well-defined linear triblock terpolymers (TTPs) of the ABC and BAC type— composed of 

polystyrene (PS), polybutadiene (PB of exclusively high 1,2 microstructure), and polydimethylsiloxane (PDMS)—

were synthesized via anionic polymerization under high vacuum conditions. The PB1,2 segment, with low 

number-average molecular weight, underwent complete chemical modification (100% hydrolysis) to anchor the 

polymer to the substrate, forming the base of a polymer brush improving the chemical affinity between polymer 

and substrate. The remaining PS and PDMS blocks, with higher molecular weights, contributed to structural 

stability and enabled further investigation of the adopted orientation due to increased chemical incompatibility 

among them.  

This approach minimizes dewetting effects and facilitates the formation of functional polymer brushes with 

tailored surface properties. The study demonstrates a versatile strategy for designing nanostructured surfaces 

through molecular architecture and targeted chemical modification. Pristine TTPs characteristics were verified 

via molecular characterization techniques (SEC,1H-NMR) showcasing high degree of chemical and 

compositional homogeneity. Subsequent thermal characterization (DSC) was carried out as a prominent factor 

unveiling the potential microphase separation involved in such systems.  In order to examine the behavior 

between the modified and the unmodified samples a comparative study using contact angle analysis was 

accomplished verifying the high yield of the modification reaction and justifying the –OH group functionality for 

the PB blocks. Accordingly, the discrepancies observed after the successful chemical modification process were 

evaluated via AFM and 1-D SAXS characterization techniques. As a result, valuable insights were observed 

concerning the alternations in the surface topology while also the differentiation of the molecular state from a 

freely coiled configuration to a densely grafted, extended conformation, resulting in distinct inter facial behavior 

and surface-specific properties.   
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Polyurethanes (PUs) are a group of polymeric materials that have widespread application across several sectors 

such as paints, coatings, and packaging industries. The high volume of their usage is due to the chemistry 
intrinsic in isocyanates and polyols that provide high-performance mechanical and chemical properties to a wide 
variety of substrates like glass, metal, plastic, wood, and textiles [1]. However, the hazardous nature of 
isocyanate-containing precursors, along with the use of phosgene, has raised widespread health and 

environmental concerns [2]. For this reason, the advent of the REACH regulation, enforcing limitations on the 
use of substances that contain free isocyanates [3], has forced the scientific community to search for greener 
and safer alternatives to conventional polyurethanes. Non-isocyanate polyurethanes (NIPUs), produced via the 
polyaddition of cyclic carbonate and polyamine units, offer a safer and more sustainable alternative to 

conventional polyurethanes [4] [5] [6]. In this study, amino-terminated NIPU prepolymers with high bio-based 
content were synthesized from carbonated soybean oil (CSBO) under conditions of excess polyamine, following 
a stepwise addition protocol that ensured complete reaction of the cyclic carbonate units. The typical 
requirement for high-temperature curing in such systems was effectively addressed by introducing (a) silane-

based and (b) di- or triacrylate-based end-capping agents, which enabled curing under ambient conditions as 
a result of moisture-driven siloxane network formation and/or radical polymerization of acrylate functionalities, 
thus offering tunable and tailored coating properties. The developed coatings were assessed in terms of 
hardness, cross-cut adhesion, gloss and solvent resistance. The results indicated performance comparable to, 
and in some cases even superior to, that of commercial polyurethane films. The straightforward environmentally 

friendly synthesis, along with effective curing at ambient conditions and the favorable properties of the coatings, 
demonstrate the strong potential of NIPU chemistry for industrial production.   
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Unsaturated polyesters resins (UPRs) are thermosetting materials extensively used as matrices in fiber -

reinforced polymer applications across sectors like transportation (automotive, marine, aerospace) and 

construction due to their low cost and tailored properties.1 Traditionally, UPRs rely on styrene, a volatile and 

hazardous reactive diluent (RD), raising environmental and health concerns. Replacing styrene is challenging, 

as the selection of RD affects not only processing parameters such as viscosity and gelation time but also critical 

properties of the final product, including mechanical performance and glass transition temperature (Tg). 2 Herein, 

an acrylated ester of glycidyl versatate (ACE) and isobornyl methacrylate (IBOMA) were evaluated as styrene 

alternatives due to their lower hazard profile and promising reactivity. Key properties of the newly developed 

resins, including acid value, molecular weight, viscosity, gel time, Tg, and tensile strength, were assessed 

according to ASTM and ISO standard methods. According to the results, the partial substitution of styrene with 

ACE (up to 30 % wt.) or IBOMA (up to 50 % wt.) was proved an effective strategy in reducing styrene content 

while maintaining acceptable processing behavior and mechanical performance. The thickening behavior of the 

developed UPR formulations was also evaluated upon addition of MgO paste as a thickening agent. 3 It was 

demonstrated that the partial replacement of styrene with IBOMA had no adverse effect on the thickening profile, 

preserving the final viscosity (penetration depth) at levels appropriate for Sheet Moulding Compound (SMC) 

processing. On the other hand, the partial styrene substitution with ACE led to slower thickening and reduced 

final viscosity, likely due to its bulky branched structure which hinders interactions with the thickening agent. 

These results highlight the potential use of IBOMA as a bio-based and less toxic styrene alternative that 

combines processability with reliable performance for automotive SMC composite applications.    
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Poly(2-(dimethylamino)ethyl methacrylate), PDMAEMA, is a well-known cationic polyelectrolyte with 

responsiveness to multiple stimuli like pH, temperature, and ionic strength [1,2]. It is a weak polybase with a 

pKa of about ~7.5. Its tertiary amine group can be protonated under acidic conditions and deprotonated at 

higher pH. Regarding thermosensitivity, PDMAEMA is known to exhibit a lower critical dissolution temperature 

(LCST) between 32-53 °C, depending on molecular weight, pH and salt concentration [3]. On the other hand, 

poly(2-hydroxyethyl methacrylate) (PHEMA) is a hydrophilic but water-insoluble, biocompatible and non-

fouling polymer, widely used in several applications.   

Herein, amphiphilic poly(2-hydroxyethylmethacrylate-co-2-(dimethylamino)ethyl methacrylate), P(HEMA-co-

DMAEMAx), copolymers were initially synthesized [4], and their temperature responsive properties were 

explored in aqueous media or in solvent mixtures (EtOH/H2O solutions). The critical aggregation concentration 

(CAC) was determined through photoluminescence spectroscopy using Nile Red as a fluorescent probe. The 

results of physicochemical studies on P(HEMA-co-DMAEMAx) copolymers contribute to the understanding of 

the hydrophilic-hydrophobic balance and highlight their potential for applications in smart materials and 

biomedical technologies.   

To gain a deeper insight into the ability of these copolymers to form hydrogels, the functional copolymer 

poly(N,N-dimethyl acrylamide)-co-glycidyl methacrylate) was selected, as its reactive epoxy groups can react 

with the amine moieties of DMAEMA leading to crosslinked networks. Rheological measurements (shear 

experiments, dynamic rheological tests) were therefore carried out to assess the viscoelastic properties and 

hydrogel formation ability. Comparing the polymer blends, we observe that increasing the DMAEMA content 

leads to the formation of stronger gels, with gelation occurring extremely rapidly at the lowest DMAEMA 

percentage and progressively delaying as the DMAEMA content increases.   
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This work presents the synthesis and characterization of star-shaped poly(n-hexyl isocyanate) (PHIC) 

homopolymers with three, four, six, and eight arms. They were synthesized via a corefirst approach using tri -, 

tetra-, hexa-, and octa-functional (half-)titanocene alkoxy complexes as initiators in coordination 

polymerization, serving as cores for controlled star growth. A major challenge was synthesizing these 

multifunctional (half-)titanocene alkoxy complexes due to significant solubility incompatibilities  between the 

ligands and the primary complex [(η⁵C₅H₅)TiCl₃], requiring optimization of reaction parameters and making 

initiator synthesis particularly demanding.  

The resulting star-shaped PHIC homopolymers were characterized using multiple techniques. Size exclusion 

chromatography (SEC) determined molecular characteristics, while NMR confirmed both the star -like 

architecture and the structure of the (half-)titanocene complexes. Thermogravimetric analysis (TGA) provided 

insight into thermal stability and degradation kinetics. Dynamic light scattering (DLS) determined the 

hydrodynamic radius (Rh) and diffusion coefficient (D), revealing size and solution behavior. Int rinsic viscosity 

was determined through viscometric measurements, while average molecular weights were obtained via static 

light scattering (SLS). The combination of these techniques enabled accurate estimation of arm number and 

correlation of molecular weight, intrinsic viscosity, and degree of branching.  

This study demonstrates the core-first synthesis of well-defined star-shaped PHIC homopolymers via 

coordination polymerization using (half-)titanocene alkoxy complexes, highlighting their potential as advanced 

materials with tunable properties and providing deeper understanding of how molecular architecture 

influences the physical behavior of branched polymeric structures.    

References  

[1] Patten, E.T., Novak, M.B. Living Organotitanium(IV)-Catalyzed Polymerizations of Isocyanates. J. Am. 

Chem. Soc. 118 (1996), 1906–1916.  

[2] Yoshio, I., Keikichi, U., Norio, K. Polymerization of Isocyanates. V. Thermal Degradation of Polyisocyanates. 

J. Polym. Sci. Part A-1 6 (1968), 2611–2620.  

[3] Aldridge, S., Calder, J.R., Andrea, R., Dickinson, A.A., Willock, J.D., Cameron, J., Evans, J.D., Steed, W.J., 

Light, E.M., Coles, J.S., Hursthouse, B.M. Linking of metal centres through boryl ligands: synthesis, 

spectroscopic and structural characterisation of symmetrically bridged boryl complexes. J. Chem. Soc., Dalton 

Trans. 2002, 2020–2026.  

  



POLYCONF 15 

 

15th Hellenic Polymer Society Conference 
3 - 6 December 2025, Patras, Greece 

155 
 

P55. Pyrene-Containing Copolymers: Synthesis, Characterization, and 

Potential Applications in MALDI-TOF MS 

Marileta Tsakanika1, Eleni Aleiferi2, Dimitrios Damalas2, Nikolaos S. Thomaidis,2 

Georgios Sakellariou1 

 

1 Laboratory of Industrial Chemistry, Department of Chemistry, National and Kapodistrian University of Athens, 

Greece, Panepistimiopolis, Zografou, 15771, Athens, Greece;  

2Laboratory of Analytical Chemistry, Department of Chemistry, National and Kapodistrian University of Athens, 

Greece, Panepistimiopolis, Zografou, 15771, Athens, Greece; 

  

Matrix-Assisted Laser Desorption/Ionization Time-of-Flight (MALDI-TOF) mass spectrometry, renowned for its 

exceptional sensitivity, accuracy, and speed, has become an indispensable technique for analyzing low 

molecular weight compounds such as lipids and metabolites. Recent advances in MALDI-TOF technology have 

broadened its scope, and the use of polymeric matrices has proven highly effective in addressing challenges 

like matrix-related ions and adduct formation, particularly by reducing interfering background signals in the low 

molecular weight region.   

In this work, we synthesized well-defined polymers tailored for use as potential MALDI-TOF matrices. Pyrene 

was selected as a chromophore to enhance the optical properties of the polymers, taking advantage of its 

aromatic structure and strong absorption characteristics. The design incorporated pyrene units alongside 

pendant groups of varying chemical nature to modulate matrix performance. Controlled synthesis was achieved 

via Reversible AdditionFragmentation Chain Transfer (RAFT) polymerization, yielding polymers with narrow 

polydispersity indices and predictable compositions. Copolymer reactivity ratios were determined to provide 

insight into the copolymerization behavior and enable precise compositional tuning.  

The resulting pyrene-functional polymers were evaluated as MALDI-TOF matrices for the detection of low 

molecular weight analytes, including pharmaceuticals and plant protection agents. Their performance, assessed 

through analyte signal intensity measurements, was benchmarked against a commercial polymeric matrix 

(P3DDT), demonstrating their strong potential as robust, effective tools for advanced mass spectrometric 

analysis.   
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In the pursuit of greener synthetic routes for non-isocyanate polyurethanes (NIPUs), the development of 

sustainable five-membered cyclic carbonates has gained increasing interest [1]. In this work, we present a two-

step methodology for synthesizing such carbonates from bio-derived dicarboxylic acids. While the conventional 

glycidylation approach relies on toxic epichlorohydrin [2], we propose glycidol as a safer, more sustainable 

alternative [3]. Glycidyl esters were efficiently prepared under mild conditions and subsequently reacted with 

CO₂ under pressure to yield five-membered cyclic carbonates [4]–[6]. These carbonate structures are promising 

building blocks for NIPUs and other advanced materials. The synthesized intermediates and final products were 

characterized using 1H and 13C NMR spectroscopy, Fourier-transform infrared spectroscopy (FTIR), and 

differential scanning calorimetry (DSC), confirming successful conversion and structural integrity. This 

environmentally conscious approach not only reduces toxicity but also promotes CO₂ utilization, aligning with 

circular economy and sustainable polymer chemistry goals.   
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In recent years, oligo(ethylene glycol methyl ether methacrylates) (OEGMAs) have been proposed as an 

alternative to the thermo-responsive N-isopropylacrylamide (NIPAM), as they avoid the use of acrylamides 

and the associated toxicological issues, while at the same time, they are recognized for their biocompatibility 

and water retention capabilities [1,2,3].   

Herein, OEGMA based copolymers were synthesized using free radical polymerization method. 

Copolymerization with different kinds of monomers (hydrophobic or hydrophilic ones) led to the preparation of 

materials with tunable critical aggregation concentration (CAC) and thermoresponsive properties [4]. At a next 

step, a library of di(ethylene glycol) methyl ether methacrylate (DEGMA) and N,N-dimethyl acrylamide 

(DMAM) copolymeric hydrogels, was synthesized in the presence of a crosslinker. We found that i) the 

copolymer composition and ii) the presence of different kinds of salts, have significant impact on the swelling 

properties of the P(DEGMA-co-DMAM) hydrogels, compared to their homopolymer counterparts, namely, 

PDEGMA and PDMAM. Moreover, it was found that the new hydrogels exhibited temperature responsive 

swelling characteristics. Such materials can find applications in several bioapplications, like for example, as 

drug delivery systems or as wound dressing materials.  
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Per- and polyfluoroalkyl substances (PFAS) are a large family of synthetic chemicals with very strong carbon–

fluorine bonds. These bonds make PFAS extremely resistant to heat, chemical reactions, and natural 

breakdown. Because their structure includes both polar and nonpolar parts, PFAS act like amphiphilic 

molecules, which explains their use as surfactants and in water-repellent, long-lasting coatings. However, these 

same features also mean they stay in the environment for a long time, build up in living organisms, and raise 

serious concerns about toxicity.[1] Current approaches to remove PFAS include adsorption onto special 

polymers designed with fluorinated groups, which interact with the fluorine in PFAS, and permanently charged 

groups, which bind to their polar regions. Such methods show promise for reducing PFAS pollution. [2,3]  

This work focuses on the adsorption of PFAS, with emphasis on PFOA and PFBS, using newly developed 

polymeric adsorbents based on 2-pentafluorophenyl-4-phenyl-quinoline.[4,5] A series of homo- and copolymers 

were synthesized, incorporating hydrophilic and cationic functional groups to enhance both hydrophobic and 

electrostatic interactions with PFAS. The adsorption efficiency was evaluated under different experimental 

conditions, while the process was monitored by FTIR and 19F NMR spectroscopy on the adsorbents, and by 

UV-Vis spectroscopy in aqueous solutions before and after adsorption.[6] The results obtained so far 

demonstrate that the approach utilized herein shows great promise for the development of functional polymeric 

adsorbents for PFAS removal and highlight their potential as materials for water purification applications.  
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This study investigates the self-assembly behavior of a series of amphiphilic diblock copolymers, each 

consisting of a hydrophilic poly(N-vinylpyrrolidone) (PNVP) block and a hydrophobic block derived from N-alkyl 

vinyl esters, namely poly(vinyl butyrate) (PVBu), poly(vinyl decanoate), (PVDc) and poly(vinyl stearate) (PVSt), 

in aqueous solution. Dynamic and static light scattering (DLS and SLS) techniques were employed to investigate 

the micellization behavior. The effect of the nature of the hydrophobic block, the copolymer composition and the 

copolymer molecular weight on the self-assembly properties were thoroughly examined. The encapsulation of 

indomethacin within the dry cores of the micellar structures was conducted in aqueous solutions for all block 

copolymers at various indomethacin-to-polymer mass ratios. UV-Vis spectroscopy was used to evaluate the 

drug loading capacity and efficiency (%DLC and %DLE). In many cases, the encapsulation was found to be 

nearly quantitative. Combined with the observed stability of the micellar structures, these findings suggest that 

the block copolymers demonstrate significant potential as carriers for drug delivery applications.  
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Waterborne coatings contain raw materials such as polymer dispersions, which provide an excellent 

environment for the growth of microorganisms – mainly bacteria and fungi. The only effective way to minimize 

the risk of microbial contamination is to combine proper preservation of both raw materials and finished products 

with strict Plant Hygiene procedures. The indicated procedures include regular cleaning, effective sanitation, 

internal audits and adoption of good monitoring processes [1]. However, the increased number of regulations 

that restrict the use of biocides in product formulations has created a very challenging situation [2].  

The use of water-based polymer solutions containing proper biocides for the sanitation of the production line 

(vessels, pipeline, filling machinery) could be a promising approach to address this issue.  Biocidal substances, 

such as N,N,N,N-trimethylammonium bromide (CTAB), benzalkonium chloride (BAC), 2,2-Dibromo-3-

nitrilopropionamide (DBNPA), were incorporated into selected high molecular weight polymeric materials 

exhibiting relatively high viscosities in aqueous solutions.   

Several parameters, such as viscosity, creation of foam in polymer and polymer/biocide mixtures and biostatic 

effectiveness were examined. Wetting tests of glass and metal surfaces by aqueous polymer solutions were 

also performed. All studied systems were evaluated and the system with the optimized combination of the two 

desired characteristics (high viscosity and biostatic action) was further adjusted to disinfection conditions of 

production lines.  
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The development of multi-functional electronically active materials which mimic the properties of biological skin 

(electronic skin) has recently drawn significant scientific attention,mainly driven by their long-awaited 

incorporation in robotic systems and biomedical applications. In this work we report on the development of novel 

polymeric materials that concurrently exhibit electronic conductivity, stretchability and the ability to self -heal, 

designed to be used in electronic skin applications. We opted to work with blends of a conductive and an 

insulating polymer, each contributing its own merits. Specifically, the conductive 

poly(3,4ethylenedioxythiophene) doped with polystyrene sulfonate (PEDOT:PSS) was chosen, due to its high 

electrical conductivity, in combination with polyurea (PUR), an amorphous polymer which provides the final 

blend with the desirable mechanical and self-healing properties. A series of PUR/PEDOT:PSS blends with 

varying weight fractions was prepared in an effort to find the ideal balance between conductivity and mechanical 

properties, and the effect of composition on the performance of these blends was evaluated. Electronic 

conductivity was characterized through four-point probe measurements and it was found that all blends possess 

higher conductivity than the neat PEDOT:PSS. To understand these results, UV-Vis absorption and x-ray 

photoelectron spectroscopy (XPS) measurements were performed to derive information about the doping level 

of PEDOT:PSS. The structure of the blends was characterized by atomic force microscopy (AFM) and grazing 

incidence wide-angle x-ray scattering (GIWAXS). The materials stretchability was evaluated through extension 

tests and the self-healing ability through optical microscopy. After self-healing, conductivity and mechanical 

properties were re-measured in order to evaluate the samples recovery and the reproducibility of functional 

properties upon self-healing.   
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Integrating the phosphorescent organometallic complexes with the conducting polymer to make a hybrid 

composite is a promising way to improve the performance of the optoelectronic and sensing devices. Our 

investigation employs the multiscale simulations and focuses on the molecular interactions and the structural 

arrangement of metal-centered π-conjugated complex (PtOEP) with different substrates: the sulfonated polymer 

blend (PEDOT: PSS) and the metal oxides (ZnO) surface. At first, quantum chemical methods  were used to 

optimize the complex and correctly capture the coordination geometries and the electronic environment. Then, 

the classical molecular dynamics simulations were employed to predict the behaviour of the polymer matrix in 

the solvated condition. Extensive atomistic models of hybrid interfaces reaching sizes of up to 10 nm are being 

created to replicate realistic device-like environments, and extended molecular dynamics simulations (100-200 

ns) will be employed to elucidate the structural evolution, dynamic behaviour, and substrate-induced 

confinement effects. Guided by these atomistic insights, we will further investigate how interfacial morphology 

and local electronic environments influence critical electro-optical phenomena, including exciton confinement, 

non-radiative decay, and charge transport at the substrate complex interface. This investigation attempts to 

provide a thorough molecular-level understanding of how substrate selection affects hybrid interface structure 

and function by combining multiscale computational modelling with experimental electro-optical 

characterisation. The results will establish a basis for the systematic design of hybrid materials with adjustable 

optoelectronic characteristics, tailored for optoelectronic and sensing applications.  
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Soft actuators are gaining increasing attention for soft robotics due to their lightweight nature, flexibility, and 

ability to undergo large deformations. Electrothermal actuators (ETAs) are especially attractive for their simple 

design, fast response, and low operating voltage, relying on Joule heating to generate differential thermal 

expansion and controlled bending [1]. However, the low conductivity of conventional polymers often demands 

high voltages and power, limiting efficiency. A promising solution is the incorporation of carbon nanotubes 

(CNTs) as conductive fillers or layers [2]. Their excellent electrical and thermal properties enable efficient charge 

transport and heating, improving actuator response, lowering power requirements, and broadening soft robotics 

applications. Herein, we combine additive manufacturing with nanomaterial integration to develop soft ETAs 

with enhanced electrical and actuation performance. Bilayer U-shaped actuators were fabricated using 3D 

printing and a porous conductive scaffold, which was functionalized with SWCNTs to form an efficient conductive 

network. This approach enabled reliable low-voltage actuation, and the devices were integrated into a soft 

gripper, demonstrating their potential for scalable, energy-efficient soft robotic systems.  
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A very promising solution to the problem of mechanical degradation of plastic waste, is the development of 

associative dynamic covalent networks called “vitrimers”. In vitrimers exchange reactions occur in different 

locations along the polymer chain. At low temperatures the exchange reactions are fast allowing the material to 

flow.1 As a result, vitrimers can be reshaped and reprocessed at wish, while maintaining the desired chemical 

and mechanical resistance of crosslinked polymers, which is of prime interest for developing recyclable 

elastomers.2 However, despite the large progress in developing new vitrimers, these materials are not yet used, 

e.g. to improve commodity plastic recycling.3 This process requires a better understanding of how the addition 

of vitrimers in a degraded polymer will affect its properties. In this work, we selected different grades of High-

Density Poly(Ethylene) (HDPE) and studied the evolution of their composition and properties following several 

cycles of processing. In this way we determined the degradation of the polymer chains based on their linear 

viscoelastic, thermal and structural properties as a function of dispersity, using experimental techniques like 

Rheology, GPC, DSC, SAXS/WAXS and POM. We are aiming to explore the influence of HDPE vitrimer addition 

on the dynamics, creep resistance, crystallization and structure of the degraded samples.   
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The development of novel N-type conjugated polymers tailored as electron acceptors in indoor organic solar 

cells is of utmost interest due to the current energy demands. These materials showcase a low synthetic 

complexity, which can be synthesized using: difluoro- 

alkoxyquinoxaline, difluoro-alkylbenzotriazole, or alkyl-thiadiazolobenzotriazole, combined with a vinylene 

bond. The polymers were efficiently synthesized using the Stille cross-coupling polycondensation method. 

Comprehensive characterization was performed to assess key material properties, including average 

molecular weight per number and weight as determined by gel permeation chromatography (GPC). Their 

optical absorption was determined by UV-Vis spectroscopy and their redox activity as well as energy levels 

were probed via cyclic voltammetry (CV). The chemical structures and composition were identified through 

proton nuclear magnetic resonance (1H NMR). This work underscores the potential of these structurally simple 

polymers for direct integration into indoor photovoltaic devices.   
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The rapid growth of portable/wearable electronics, IoT nodes, and intermittently powered renewables demands 

storage that can deliver/absorb power quickly, endure frequent cycling, and operate safely under varied 

conditions. Supercapacitors meet these needs with very highpower density, millisecond-to-second charge–

discharge, and outstanding cycle life, complementing batteries by handling peak-power bursts and regenerative 

energy capture [1]. Conductive polymers such as polypyrrole (PPy) stand out for their high theoretical 

capacitance (~620 F g-1), chemical stability, and benign synthesis. PPy has been used to coat a range of carbon 

nanostructures, being long-standing benchmarks for SC electrodes, to boost energy density. Currently, laser -

scribed graphene directly on Kapton (polyimide) in interdigitated patterns is the de facto standard for flexible 

micro-supercapacitors; however, its areal capacitance typically plateaus at ~5 mF cm -2, limiting energy density.  

In this work, we employ a novel laser-assisted explosive synthesis and transfer (LEST) method that enables the 

simultaneous synthesis and deposition of 3D porous graphene films onto diverse substrates [2]. Unlike the 

extensive literature on laser-scribed graphene on Kapton, LEST deposits graphene electrodes directly on 

current collectors, thus facilitating the fabrication of high-capacitance electrochemical energy-storage devices. 

We further enhance performance by integrating the conducting polymer PPy into the 3D graphene scaffold. Thin 

PPy coatings are formed via in situ vapor-phase polymerization, i.e. pyrrole vapor is delivered to the graphene 

film, where a pre-deposited oxidant (e.g., FeCl3) initiates polymerization. This strategy promotes intimate 

interfacial contact and efficient charge transport, while the porous scaffold enables conformal PPy coverage 

throughout. Monomer exposure time was varied to tune mass loading and supercapacitor performance. 

Comprehensive physicochemical and electrochemical characterization, including long-term stability testing 

(>10,000 cycles), reveals more than an order-of-magnitude increase in capacitance relative to bare graphene 

electrodes.   
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The textile industry is one of the most important sectors of global economy, but also a major source of pollution 

due to the discharge of dyes into wastewater. Cotton, as a cellulose-based and sustainable fiber, is widely used. 

However, improving its dyeability remains a key challenge. Based on our previous experience [1], in this work, 

cotton fabrics were cationically modified with quaternary ammonium derivatives of poly(vinylbenzyl chloride) 

(QAs PVBC) to enhance their affinity for acid dyes. Dyeing experiments with Acid Blue 113 demonstrated dye 

uptake of up to 80% under optimized modification conditions.  

Apart from dyeing enhancement, wastewater treatment from dyeing industries is also a crucial challenge. Among 

the solutions proposed, a convenient methodology involves the use charged hydrogels as adsorbents [2].  

Having that in mind, QAs PVBC were employed for the development of adsorbent materials. Crosslinking with 

poly(dimethylaminopropyl methacrylamide) (PDMAPMA) yielded hydrogels, which exhibited high stability in 

aqueous media and adsorption capacities exceeding 130mg/g for both Acid Blue 113 (Figure 1) and the reactive 

dye Novacron Ruby S-3B. These findings highlight the dual potential of QAs PVBC, both for achieving more 

efficient and sustainable cotton dyeing and for the removal of dyes from textile wastewater.   
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Nanofiltration plays a key role in water purification (e.g removal of divalent salts from water) and resource 

recovery. A typical NF membrane, the state-of-the-art thin film composite (TFC) membrane consists of a thin 

selective layer onto a porous sublayer. Although NF has been widely used in water treatment, its performance 

is impeded by a selectivity-permeability tradeoff.1 To mitigate this problem, incorporation of a hydrophilic 

interlayer between the selective layer and the porous substrate was suggested as a promising strategy for 

increasing water permeability, while maintaining high salt rejection.2   

In this work, new TFC NF membranes using sodium polystyrene sulfonate (PSS) as interlayer were developed 

and studied regarding their performance towards the rejection of divalent cations. First, a PSS thin layer was 

deposited on a polyethylene imine (PEI) modified polyether sulfone (PES) porous substrate via layer-by-layer 

method. Next, a polyamide (PA) selective layer was formed on top of the interlayer through IP reaction between 

PEI and trimesoyl chloride (TMC). The PSS interlayer aimed to regulate the polymerization process, leading to 

a thinner and more uniform PA layer, thereby improving water permeability. Finally, targeting to increased 

selectivity, by enhancing both the surface positive charge density and the crosslinking degree of the PA layer, 

the prepared PA membrane was subsequently post-modified with additional PEI via “amine ~ acyl chloride” 

amidation reaction. A detailed physicochemical characterization of the prepared membranes was conducted 

while pure water permeability (PWP) and salt rejection experiments were carried out using a dead-end stirred 

cell.    
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Water electrolysis –the process of using electricity to split water into hydrogen and oxygen gases -is a key 

technology for clean hydrogen production when utilizing renewable electricity. 1 Alkaline water electrolysis in 

particular is a mature technology that plays a key role in the energy transition enabling the multi -GW scale 

hydrogen storage without limitations on the availability of expensive and scarce critical raw materials. 1 

Nevertheless, traditional alkaline electrolyzers suffer from low energy efficiency ascribed to high internal ohmic 

resistances.1 To overcome this drawback, new electrode separators including Ιon-Solvating Membranes (ISM) 

have been proposed to support high current densities with minimal ohmic losses under alkaline electrolysis 

conditions1,2. ISM are polymers containing polar or ionizable groups that benefit from absorbing large amounts 

of aqueous KOH electrolyte to become highly ion conductive.1,2 In addition, ISM membranes based on aryl 

ether-free aromatic polymer backbones are mostly used to gain increased alkaline stability.1 Recently, aryl-

ether free copolymers based on alkali stable crown ether moieties have attracted considerable attention in 

alkaline electrolysis due to their strong complexation with alkali metal cations, enabling the ion conduction. 3   

In this work, the synthesis of new aryl-ether free polyaromatics containing PEO side chains and crown ether 

moieties via super acid-catalyzed polyhydroxyalkylation is reported. PEO side chains facilitate electrolyte uptake 

by solvating K  ions through acid–base interactions, while the polyaromatic backbone, free of alkaline-labile aryl 

ether linkages, ensures high alkaline stability and mechanical robustness. To explore the structure–property 

relationship and the effect of crown ether content on membrane performance, copolymers with varying molar 

ratios were synthesized. The resulting ISM membranes were characterized in terms of physicochemical 

properties, electrolyte uptake, ionic conductivity, alkaline stability, and alkaline water electr olysis testing.   
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Alkaline ion-solvating polymer electrolytes are emerging as an attractive class of electrode separators for high-

rate alkaline water electrolysis.1 They combine the high ion conductivity of aqueous hydroxide solutions with the 

good gas barriers characteristics. Among them, poly(2,2´(m-phenylene)-5,5′-bibenzimidazole) (m-PBI) 

membranes display high ion conductivity (>100 mS cm-1 in 5-25 wt.% KOH) and impressive performance (1700 

mA cm-2 at 1.8 V when combined with highly active Ni electrodes), however, their chemical stability is limited 

due to gradual backbone degradation.1 For this reason, other structures derived from backbones devoid of ether 

linkages and other polarized bonds are typically used to avoid backbone degradation, including polyphenylenes, 

poly(arylene alkylene)s and polyisatin copolymers.2,6 In this study, novel, alkaline stable PEO functionalized 

polyisatin copolymers bearing the ion solvating, long PEO sequences (ΜW750) as side chains were synthesized 

using a functionalized monomer strategy followed by super-acid polyhydroxyalkylation. The prepared 

copolymers due to increased plasticization caused by high KOH electrolyte uptakes were blended with m-PBI 

to afford mechanically stable membranes2,3. The alkali absorption, conductivity, mechanical properties, 

morphology and ex-situ alkaline stability of the prepared blend membranes were systematically investigated. In 

addition, they were tested under electrolysis conditions in 30 wt.% KOH and characterized with respect to 

polarization performance, gas purity and durability.   
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Energy storage devices, such as supercapacitors, require highly porous carbon electrodes with high electrical 

conductivity, mechanical flexibility, and thermal/chemical stability. Equally important, sustainable sources for 

producing the active porous material are being actively explored. In this context, graphene-based materials 

produced by laser-assisted methods have attracted increasing attention. Selecting appropriate carbon 

precursors to yield optimal porous graphene structures via laser processing is of utmost importance. In 

general, the presence of aromatic ring units or cross-linkable carbon skeletons in the precursor chain is a key 

factor in the laser-assisted synthesis of graphene materials [1]. Lignin, a principal component of wood 

alongside cellulose and hemicellulose, is the second most abundant natural biopolymer and renewable 

bioresource, forming a complex, three-dimensional aromatic network.  

In this work, raw lignin powder was used as the carbon precursor to produce binder -free, biopolymer-derived 

graphene-based electrodes via laser irradiation for supercapacitor applications. Two different lasing 

techniques utilized: the direct-lasing irradiation (DLI) method and the laser-mediated explosive synthesis and 

transfer (LEST) approach [2]. The electrodes prepared by both methods were physicochemically 

characterized with various techniques, such as Raman Spectroscopy, Scanning Electron Microscopy (SEM), 

and X-ray Photoelectron Spectroscopy. Additionally, electrodes were prepared and tested electrochemically 

using Cyclic Voltammetry, Galvanostatic Charge-Discharge and Electrochemical Impedance Spectroscopy. 

Overall, this work highlights laser processing of biopolymers as a practical pathway to highadded-value 

electrode materials for next-generation energy devices.   
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Organic semiconductors of various structural combinations and architectural patterns of precise optoelectronic 

and morphological properties are required for today's organic electronics. Even though high efficiency is still the 

most important prerequisite of organic electronics, integrity, processability, and scalability are additional factors, 

crucial for the evolution of the area of organic electronics. Typically, today’s semiconductors are prepared 

through tedious synthetic protocols, using toxic starting materials and polymerization reactions and are either 

processed from environmentally harmful solvents or energy-demanding deposition techniques.  

In this respect, we have focused our efforts on the development of semiconductors of extended conjugation 

length and enhanced absorption profiles via synthetic routes not requiring toxic intermediates such as 

stannanes, employing simpler reaction schemes and substantially reducing the use of metal catalysts.    

Polymeric semiconductors of structural and molecular integrity, adequate molecular weight characteristics, 

enhanced solubility and processability, and tuneable electronic properties have been created based on various 

conjugated moieties. Polymers of fully aromatic or with a “conjugation interrupted” architecture have been 

synthesized and explored as cost-effective, environmentally friendlier and easily processable materials for 

organic electronics.    
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The increasing demand for sustainable and biodegradable materials has driven extensive research into 

biopolymer-based nanocomposites as potential alternatives to conventional plastics. Among various 

biopolymers, chitosan and poly(vinyl alcohol) (PVA) have attracted significant attention due to their excellent 

film-forming ability, biocompatibility, and environmental friendliness. This study focuses on the reinforcement of 

chitosan/PVA biopolymer blends through the incorporation of two-dimensional (2D) hematite (α-Fe₂O₃) 

nanoplatelets. A comparative study was conducted to evaluate the influence of 2D hematene on the 

chitosan/PVA matrix and the effect of a sulfonic agent on the overall membrane performance, particularly for 

potential use as proton exchange membranes in fuel cells [1-4]. The prepared composite membranes were 

characterized for their mechanical, dielectric, and electrochemical properties, including moisture uptake, 

swelling behavior, ion exchange capacity (IEC), methanol permeability, and proton conductivity [5-6]. Hematene 

incorporation significantly enhanced the mechanical and dielectric performance, with notable increases in 

tensile strength and Young’s modulus. The membranes also exhibited high IEC values and excellent methanol 

barrier properties, while the sulfonated membranes showed reduced swelling and moisture uptake. Although 

proton conductivity improved compared to the pristine polymers, no further enhancement was observed with 

hematene addition. Overall, the results demonstrate that the composite membranes, particularly those 

containing sulfonic groups, are promising candidates for proton exchange membranes in fuel cell applications, 

combining mechanical robustness, low methanol permeability, and environmental sustainability.   
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Silicon-based anodes promise ultra-high capacity but suffer from severe volume changes, unstable SEI, and 

poor rate capability. SiOx mitigates expansion yet still needs fast electron/ion pathways and mechanical 

buffering. Graphene/SiOx nanohybrids address these demands by coupling a conductive carbon network with 

active silicon oxide domains, but conventional multistep, high-temperature or wet-chemical syntheses limit 

scalability, patterning, and compatibility with flexible substrates. Laser-assisted decomposition of Si-containing 

polymers offers a rapid, solvent-free, digitally patterned route that simultaneously forms SiOx and laser-assisted 

graphene, i.e. through GO reduction. Here, we employ this approach to produce graphene/SiOx nanohybrids 

through the decomposition of polydimethylsiloxane (PDMS) mixed in graphene oxide (GO). In this study, PDMS 

is incorporated into GO dispersions at various mass loadings, which are air -sprayed onto a copper substrate 

(current collector) and irradiated by an Nd:YAG laser to convert the precursor material into graphene/SiOx (0 ≤ 

x ≤ 2). The anodes are characterized using spectroscopic techniques, such as XPS and Raman, and 

electrochemically evaluated by galvanostatic charge-discharge (GCD) measurements. Our aim is to correlate 

the anodes’ composition with their electrochemical behavior.  
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Conjugated polymers (CPs) have been extensively explored in organic electronics such as field-effect transistors 

(FETs), organic emitting diodes (OLEDs), organic photovoltaics (OPVs) and bioelectronics 1,2. Electron donor 

and acceptor units can be combined along the polymer backbones, which has a significant impact on the 

optoelectronic properties of the CPs, while polymer substituents such as alkyl -, hydrophilic or hydrophobic, 

chains affect the crystallinity and processability of the final material. Two organic moieties employed in organic 

electronics are perylene diimide (PDI) and indoloquinoxaline (IQ). The electron-deficient π-acceptor PDI has a 

strong n-type character, tunable absorption and good thermal and chemical stability. Thus, it is among the most 

efficient building blocks for non-fullerene acceptors in OPVs3,4. On the other hand, the IQ moiety has an inbuilt 

donor–acceptor (D–A) system originating from their electron-rich indole units fused with the electron-deficient 

quinoxaline moiety5,6.  

Herein, we have combined PDI and IQ functional monomers along with thiophene-based ones to create high-

molecular-weight, processable fully conjugated polymer semiconductors. The synthesized monomers and 

polymers have been characterized for their structural and optoelectrochemical properties showing their potential 

for application in organic electronics due to their high absorption characteristics and tunable energy levels.    
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Different parameters can influence the formation of phase-inversion membranes. This study investigates the 

impact of concentration and non-solvent type on the physicochemical properties of polybenzimidazole (PBI) 

membranes. The interactions between the polymer (PBI), the solvent (dimethylacetamide, DMAc), and the non-

solvent, along with both kinetic and thermodynamic factors, contribute to the formation of membranes. Upon 

exposure to strong acids, PBI membranes undergo protonation, leading to structural var iations which can be 

identified through their distinct Raman fingerprints. This property makes PBI membranes excellent candidates 

for sensing the pH of atmospheric aerosols. [1],[2]  

Our experiments demonstrate that the efficiency of this pH-sensing capability is strongly linked to membrane 

morphology. The formation of finger-like versus sponge-like structures (often accompanied by a selective 

surface layer) was confirmed through SEM imaging.   Key parameters influencing membrane morphology and, 

consequently, pH sensitivity include polymer concentration in DMAc, directly reflected in the viscosity of the 

homogeneous PBI/DMAc solution and the choice of non-solvent. Additional factors such as the miscibility of the 

phase-inversion components and their Hansen solubility parameters directly impact membrane thickness and 

structure. [2]  

We are confident that these findings advance our current understanding of polymer membrane formation and 

provide valuable insights into atmospheric pH detection, with important implications for both human health and 

environmental ecosystems.   
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Designing low-bandgap (LBG) donor–acceptor polymers for organic photovoltaics (OPVs) is challenging due to 

the simultaneous requirements of high power conversion efficiency, solubility, and long-term stability. We report 

a systematic strategy to address these demands through tailored synthesis and detailed structural 

characterization of 1,2-bis(3-dodecylthiophene)ethene-based copolymers. Using the donor–acceptor (D–A) 

approach via Stille cross-coupling, random copolymers were synthesized incorporating 

dithienothiophenodiketopyrrolopyrrole as a donor and octyl-thienopyrrolodione derivatives as acceptors. Fine-

tuning aromaticity and substituent effects enabled precise control over optoelectronic properties, balancing 

charge transport with optical absorption. Transmission electron microscopy (TEM) and grazing-incidence wide-

angle X-ray scattering (GIWAXS) revealed nanoscale morphologies and molecular packing that directly 

influence charge mobility and stability. Our results demonstrate how molecular -level design, coupled with 

advanced characterization, provides a robust pathway toward optimizing OPV active materials. This integrated 

approach paves the way for next-generation LBG polymers with improved performance, stability, and 

processability.   
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In recent years, extensive research has focused on materials whose preparation and properties may hold the 

key to various energy applications  Among them, polymers have attracted significant attention in the field of 

lithium-ion batteries as polyelectrolytes. In this work, the synthesis of a series of polymers, which can be used 

as polymer-based electrolytes, was explored. These specific polymers are characterized as single Li-ion 

polymer electrolytes and are excellent candidates because of the ability of Li+ ion to move freely within the 

polymer matrix. Furthermore, star-shaped polymers were studied due to their remarkable and fascinating 

physicochemical properties resulting from their macromolecular architecture.  

As a first step, we report the synthesis of the ionic monomer potassium 3-sulfonyl (trifluoromethane 

sulfonyl)imide propylmethacrylate (MASTFSIK) and its characterization. Following this, a series of linear 

statistical copolymers P(MASTFSIK-co-MMA) with different monomer ratios, were synthesized via reversible-

addition fragmentation chain transfer polymerization (RAFT). Subsequently, an ion-exchange reaction with 

LiClO₄ was carried out to replace potassium and obtain MASTFSILi. Star-shaped copolymers were finally 

synthesized, using the same polymerization method, via the first approach, employing the linear precursors as 

arms and EGDMA as the crosslinker. In order to obtain star-copolymers with high yields, multiple arms and 

narrow molecular weight distributions, several tests were performed by varying the macro-CTA/crosslinker ratio, 

solvent amount, and polymerization time.  

The monomer as well as the resulting polymers in this study, were characterized molecularly by gel permeation 

chromatography (GPC), nuclear magnetic resonance spectroscopy (1H- NMR) and differential scanning 

calorimetry (DSC).   
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Zinc-ion rechargeable batteries (ZIBs), which utilize a water-based electrolyte, are considered cost-effective, 

safe, and environmentally benign solutions. However, their reversibility remains a challenge, primarily because 

the absence of Zn-ion-blocking separators allows the formation of electrochemically inactive and insulating 

species involving MnO2 cathode cations1. Thus, polymer electrolyte membranes (PEMs) serving both as a 

separator and an ionic conductor are a promising solution offering the possibi lity to selectively screen Zn-ions 

without hindering electrolyte transport, thereby limiting Zn redistribution and the risk of cathode poisoning.  In 

this work, the Ion Solvating Membrane (ISM) concept of PEMs for alkaline water electrolysis2 was adopted to 

establish PEMs for ZIBs, of zero Zn-ion crossover. High-performance poly(aryl ether sulfone)s3 have been 

blended with poly(benzimidazole) (PBI) to create dense yet conductive networks, thereby preventing the 

penetration of Zn ions. The prepared blends show excellent film-forming ability affording membranes of high 

mechanical, thermal stability and integrity. Thorough physicochemical evaluation of polymers and membranes, 

conductivity and stability screening in electrolyte media, followed by electrochemical  measurements, have 

shown that specific blend membranes present promising conductivity, stability and excellent Zn-ion blocking 

properties, paving the way for long-lasting ZIBs.    
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Polyvinylidene fluoride (PVDF) based terpolymers are known for their remarkable relaxor ferroelectric properties 

but also for their potential in energy harvesters, sensors, and related technologies. Recently, the synthesis of 

PVDF-based tetrapolymers has been reported and attracted considerable attention, as they are extremely 

promising materials for solid-state electrocaloric coolers [1]. Yet, their intrinsic physical properties and relaxor 

ferroelectric behavior is only partially studied, and remains of great scientific interest.  

In this work, we performed the functionalization of poly(vinylidene fluoride–trifluoroethylene– 

chlorotrifluoroethylene) (PVDF-TrFE-CTFE) terpolymer with fluorinated alkynes (FA), and prepared a series of 

PVDF-TrFE-CTFE-FA tetrapolymers, with various FA fractions. The wellestablished dechlorination reaction [2] 

has been used for this purpose and successful chemical functionalization was verified by nuclear magnetic 

resonance (NMR) spectroscopy. The structure of these tetrapolymers was studied by means of DSC, FTIR and 

x-ray scattering. Simple capacitors were constructed by sandwiching the tetrapolymers between metallic 

electrodes and the relaxor ferroelectric behavior of these materials has been studied by recording the 

polarization–electric field (P–E) hysteresis loops. Additionally, the dielectric permittivity has been recorded as a 

function of time and frequency, to provide deeper insight into the relaxor character of the tetrapolymers.    
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Current efforts in replacing liquid electrolytes in lithium-ion batteries are centered around poly(ethylene oxide) (PEO) 

in block copolymers (BCP) with a hard phase, usually polystyrene (PS)[1,2], although face some critical issues. To this 

end, a new family of block copolymer electrolytes, where the "soft" block is synthesized via anionic ring opening 

copolymerization of ethylene oxide (EO) and glycidyl methyl ether (GME) and the "hard" block is glassy polystyrene 

(PS), overcomes many of the limitations of poly(ethylene oxide) (PEO) for battery applications.  

Two block copolymer systems, PS-b-P(EO-co-GME) with a GME content of 21% and PS-b- 

PGME, both with narrow dispersity, when doped with LiN(SO2CF3) (LiTFSI) at different ratios, provide superior dc-

conductivity values to the established dual ion conductors PS-b-PEO doped with LiTFSI or with LiCF3SO3 (LiTf)[3]. In 

addition, PS-b-PGME doped with (LiTFSI) has a higher conductivity (~1×10-5 S·cm-1 at the PS glass temperature) 

than PS-b-P(EO-co-GME) and a higher conductivity than the structurally similar single ion conductor polystyrene-

bpoly(ethylene oxide-co-(lithium trifluoromethane-sulfonamide)ethyl glycidyl ether) (PS-b-P(EOco-LiTFSAEGE)[3]. 

PGME best combines favorable properties required for the design of the "soft" block in SPEs based on block 

copolymers; low liquid-to-glass temperature (𝑇 ) nearly independent of molar mass, favorable molecular structure that 

can solubilize alkali metal salts, higher dielectric permittivity than PEO and absence of crystallization. These results 

suggest that PGME-containing copolymers can replace PEO as the "soft" block in future SPEs.      

  

  

Figure 1. (A) Chemical structure of the diblock copolymer 

PS-b-PGME (B) SAXS patterns of PS-b-PGME doped with 

LiTFSI, as a function of r = [Li]:[GME] (C) The ionic 

conductivity of the same copolymer, as a function of r.   
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Donor-Acceptor (D-A) conjugated polymers are widely used for tunable electronic properties. Benzo[2,1-b:3,4-

b’] dithiophene-4,5-dione (BDTD), an important electron-deficient molecule, (fused aromatic dione) is a versatile 

starting material that can generate a wide variety of monomers for the synthesis of π-conjugated materials. 

Herein, we report the synthesis of three different phenazines when BDTD reacts with three different diamines ( 

4-fluoro-ophenylenediamine, o-phenylenediamine, and 3,4-diaminopyridine) to produce three heteroaromatic 

fused systems: fluoro-dithieno[3,2-a:2′,3′-c]phenazine, dithieno[3,2-a:2′,3′c]phenazine, and pyrido[3,4-

b]dithieno[3,2-f:2′,3′-h]quinoxaline. The synthesised monomers were characterized by NMR, UV-Visible and 

Infrared spectroscopy. Further all the three monomers were electropolymerized using potentiodynamic method 

on different working electrodes (Platinum, ITO-coated glass) using TBAClO4/MeCN electrolyte-solvent system 

and their electrochemical properties were studied out. The chemical, physical and morphological properties of 

the obtained polymers were characterized by Fourier transform infrared spectroscopy (FTIR), cyclic 

voltammetry, electrochemical impedance spectroscopy, UV–vis– NIR spectrophotometer and FESEM. The 

differences in oxidation and reduction peaks were examined depending on the nature of the phenazine 

substituents, and shows the tunability of electronic belongings through molecular design. Density functional 

theory (DFT) calculations were studied out to get an understanding of the trends in energy levels, and 

comparisons were made with the experimental results.  
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Polymer electrolytes play a crucial role in the design and development of compact electrochemical devices like 

Fuel Cells, Electrolyzers, Lithium-ion batteries etc, and overall contribute to the transition to a Green Hydrogen 

Economy.  

The use of polymer electrolytes based on fluorinated polymers, such as Nafion, has significantly advanced 

polymer fuel cell technologies. Despite their excellent conductivity, their high cost and environmental concerns 

limit their broad acceptance. Current research focuses on enhancing membrane stability and increasing device 

operating temperatures. Promising alternatives, including basic polymers doped with phosphoric acid, with 

representative examples being polybenzimidazole and aromatic polyethers with polar groups1. A key issue in 

all cases is the stability of the membrane and the control of phosphoric acid leaching that has been approached 

by different methodologies2,3.   

The aim of this work is to modify non-fluorinated aromatic polymers in order to introduce sidechain charged 

phosphonium or ammonium groups that can interact and retain phosphoric acid molecules resulting in high ionic 

conductivity at high temperature. To enhance the mechanical properties of 

the final membranes in combination with controlled absorption of phosphoric 

acid, blends of the above polymers with aromatic polyethers containing 

pyridine groups were studied, which exhibit excellent mechanical properties 

and controlled absorption of phosphoric acid. The copolymers were 

characterized by spectroscopic techniques and the blends with pyridine 

copolymers were characterized in terms of their phosphoric acid absorption 

capacity and acid retention stability in an environment of increased humidity. 

Through a detailed optimization of the blend composition, an interesting 

column-like morphology was achieved (Fig.1).  

Fig. 1. SEM image of the blend.   
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Per- and polyfluoroalkyl compounds (PFAs) are a group of man-made polymers that have become a widespread 

environmental and health concern due to their persistence in the environment and potential health effects. Due 

to their attractive physicochemical properties, thermal and chemical stability, they are used in numerous 

industrial and consumer products in everyday life.1,2,3 Their ubiquitous presence and resistance to degradation 

have led to their detection in the aquatic environment, rainwater, drinking water and consequently animals and 

humans4.   

Their abundance led to their inclusion in the new European Drinking Water Directive (DWD) with a parametric 

value of 100 ng/L per compound and a maximum method detection of 30 ng/L. Thus, an analytical method for 

the determination of the 20 PFAs included in the DWD was developed based on ISO 21675:2019, for drinking 

and surface water samples. The method was validated according to ISO 17025:2017. Method Detection Limits 

vary between 0.49-10.37 ng/L. Reproducibility varies between 4.06-21.57%, recovery between 75-134% and 

uncertainty between 10-52% for both matrices.  

Monthly monitoring of PFAs levels was carried out the last years for drinking water samples from the city of 

Thessaloniki and for the resources the city has, e.g., ground water from Aravissos springs and surface water 

from Aliakmonas river. In approximately PFAs levels were below 10ng/L in drinking water samples and in river 

water, PFAs were detected in levels below 20ng/L.   
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Hybrid epoxy-based nanocomposites combining ceramic filler and carbon nanotubes (CNTs) have attracted 

increased interest over the last few years for applications as multifunctional dielectrics offering improved 

permittivity, tunable relaxation behavior and potential energystorage performance.  

Ceramic/polymer nanodielectrics have been shown to benefit from such filler synergies,  such as the reinforcing 

dielectric/capacitive effect of the BaMnO₄/epoxy and BaTiO3/epoxy systems that has been demonstrated [1,2]. 

Similarly, CNT/epoxy composites exhibit conductivity and percolation thresholds that must be carefully managed 

[3].  

In this work, a series of hybrid epoxy-based nanocomposites incorporating BaMnO₄ and CNTs were developed 

with varied filler concentrations: BaMnO₄/CNTs-Epoxy, 9/1phr, 8/2phr, 7/3phr, 6/4phr and 5/5phr. Broadband 

Dielectric Spectroscopy (BDS) was performed to investigate their dielectric properties and relaxation 

phenomena, while DC charge–discharge experiments were conducted to evaluate their energy storage and 

harvesting potential, yielding the coefficient of energy efficiency (neff). Among the prepared systems, only 

BaMnO₄/CNTs-Epoxy: 9/1phr exhibited a measurable neff, indicating effective charge storage. At higher CNT 

concentrations, increased electrical conductivity dominated, leading to charge dissipation and loss of capacitive 

behavior. The results demonstrate that controlled incorporation of BaMnO₄/CNTs can tailor the dielectric 

response and optimize energy storage performance in epoxy matrices. Such nanodielectrics show perspectives 

for embedded capacitors, energyharvesting elements and self-powered structural composites.  
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The wide use of pesticides and other chemicals provided by industries has resulted in the release of pollutants 

into the soil and aquatic environment, causing significant environmental risks due to their high stability. In the 

present study, negatively charged hydrogels were used as adsorbent materials, which consisted of a copolymer 

of acrylic acid combined with N, N dimethylacrylamide for the removal of Propyl Paraben and Metribuzin 

pollutants from aquatic environments. Parabens are synthetic esters of phydroxybenzoic acid that are found in 

applications in the food industry, as well as ingredients in pharmaceuticals and cosmetics. They have been 

detected in river waters (1.06–3.14 μg/L), coastal waters (0.5–31.7 ng/L) and wastewater (20–30 μg/L) and their 

presence in the aquatic environment has triggered research efforts to develop sustainable technologies for their 
elimination [1]. The herbicide Metribuzin is a triazinone herbicide, widely used worldwide for the control of 

broadleaf weeds and annual grasses among vegetables. The detection limit was found at a maximum 

concentration of 0.351 μg/L in surface and groundwater [2]. For the quantification of organic pollutants before 

and after their removal, ultraviolet-visible absorption spectrophotometry (UV-Vis) and high-performance liquid 

chromatography (HPLC) techniques were applied. The results of this study showed that for both pollutants the 

negatively charged hydrogels had a removal rate of up to (96-100%).  
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Incorporating carbon nanotubes (CNTs) with cross-linkable and antimicrobial agents into polymeric membranes 
presents a promising route for improving water purification. However, CNT-based polymeric membranes must 
achieve uniform CNT dispersion and stable integration within the membrane matrix, while also maintaining 
antimicrobial activity and high water flux.  In this work, the hydrophobic methyl methacrylate (MMA) or the cross-
linkable glycidyl methacrylate (GMA) monomers were polymerized onto modified CNTs using Atom Transfer 
Radical Polymerization (ATRP). The resulting multiwalled and thin-multiwalled CNTs were embedded into 

porous PET/PES (polyethylene terephthalate/polyethersulfone) membranes to evaluate how the grafted 
polymers affected CNT dispersion and pore embedment. The functionalized CNTs were then further modified 
with antimicrobial quaternized salts through non-covalent attachment.  

The cross-linking of epoxy-modified CNTs was evaluated using ethylenediamine (EDA), which reacts with the 

GMA epoxide groups on the CNT surface. Different cross-linking approaches and conditions—temperature, 
reaction time, and cross-linker phase—were examined via TGA and SEM to identify optimal parameters. Results 
showed well-distributed CNTs embedded in the membrane cross-section and effective cross-linking between 
GMA groups and EDA within the pores. This integration increased water flux, reaching up to 572.4 L/m²·h, 
comparable to values reported for similar CNT-based membranes. Overall, the optimized cross-linking process 
provides a more robust CNT incorporation method than conventional embedding techniques.  
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Polysulfone (PSF) is a polymer belonging to the family of high-performance thermoplastics, due to its structure. 

It exhibits excellent properties, such as high mechanical strength, high thermal and chemical stability and 

resistance to oxidation. Thanks to its properties, PSF has many applications in many sectors, such as medicine 

and wastewater treatment[1] PSF’s properties can change, either by blending with other polymers, or chemical 

modification, depending on the application.   

In the first part of the study, blend membranes of PSF with PVBC (polyvinyl benzyl chloride), PDMAm (poly(N,N-

dimethylacrylamide)) and PDMAEMA (poly[2-(dimethylamino)ethyl methacrylate]) were produced. Moreover, a 

blend membrane of PSF and sulfonated cellulose nanocrystals (s-CNCs) was produced. All blend membranes 

were submerged in water for swelling measurements. PSF/PDMAm and PSF/s-CNCs membranes showed very 

high swelling, whereas the PSF/PDMAEMA membrane, with 25% PDMAEMA, lost mass when submerged in 

water. FTIR spectra showed that blending was a success, except for PSF/PVBC/PDMAEMA membranes. The 

spectra also showed that most membranes did not deteriorate when submerged in water. SEM images showed 

that the surfaces of PSF/PDMAEMA were of bad quality, while the surface changed in PSF/PDMAm 

membranes. The surfaces of PSF/PVBC/PDMAEMA membranes were too uneven for accurate water contact 

angle measurements. Finally, UV-Vis measurements were conducted for dye adsorption, but the membranes 

didn’t exhibit significant dye adsorption.   

In the second part of the study, sPSF was produced by sulfonation with chlorosulfuric acid (CSA) [2]. The product 

was characterized through 1H-NMR. It is soluble in water and methanol, unlike PSF. Future studies include its 

interaction with other cationic species, as well as membrane formation.   
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Next to preservation and maintenance of civil infrastructures, a shift towards greener building materials is 

urgently needed. The decarbonization roadmap for concrete promotes the gradual substitution of cement -based 

binders with environmentally friendly alternatives, such as natural clays. These alternative binders, often based 

on geopolymers (GPs), have been proven to offer durable physicochemical performance while significantly 

reducing CO₂ emissions in the building sector [1]. Nevertheless, the integrat ion of electronic or sensing 

components within these materials is still rather unexplored but offers excellent possibilities. Despite that, this 

is also related to foreseen challenges, particularly in terms of compatibility, longevity, recoverability and s ignal 

stability. Carbon nanotube filaments (CNTFs) have evolved as a versatile class of materials merging the 

exceptional properties of individual CNTs with superior formability at the macroscale. The current state of the 

art shows a rapidly growing range of applications, driven by their chemical and thermal stability, high strength, 

low density, variable dimensions, excellent conductivity and tunable surface chemistry [2]. Alternatively, to non-

trivial electrical percolation through complex dispersion processes of functional conductive fillers within 

cementitious matrices, herein continuous CNTF single filaments were directly incorporated as a minimally 

invasive functional conductive phase. This work demonstrates a straightforward monitoring approach for GP 

mortar setting, early-age curing and afterwards real-time deformation sensing unaffected by the expected 

influential moisture or aging factors.   
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The current trend in automotive industry is the substitution of metal parts with lighter and insulating plastic 

materials. Consequently, conventional management methods for end-oflife vehicles (ELVs), such as 

compression and heat casting, have become less effective, because of the increasing presence of heterogenous 

polymer mixtures. The present study aimed the identification of the polymer content of 16 samples of real plastic 

wastes obtained from ELV parts and the investigation of their potential thermochemical recycling via pyrolysis.  

For the identification of the polymer constituent of each sample, Fourier Transform Infrared Spectroscopy (FTIR) 

and Differential Scanning Calorimetry (DSC) were employed, complemented by the analysis of the pyrolysis 

products. Their potential thermochemical recycling through pyrolysis was investigated in a lab-scale fixed bed 

reactor and the gas and liquid decomposition products were identified via GC and GC-MS.  

The results showed that the ELV parts consisted of polyolefins, such as PE and PP, other common polymers, 

such as PC, polyamide PA-6, POM, PMMA, the copolymer ABS, as well as mixtures of them. For certain classes 

of plastics, thermal pyrolysis demonstrated high effectiveness in recovering monomers, such as caprolactam 

from polyamide PA-6 components, styrene from ABS, bisphenol A from PC and methyl methacrylate from 

PMMA. In these cases, thermal pyrolysis yielded a condensable fraction that can potentially serve as a feedstock 

for plastic re-polymerization. In contrast, for samples made of polyolefins, thermal pyrolysis resulted in a high 

yield of condensable fraction rich in hydrocarbons, with potential application as fuel precursor. Therefore, 

pyrolysis arises as a promising method for the sustainable management of plastic wastes obtained from ELVs, 

contributing to the implementation of circular economy principles in automotive industry.  
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Thermosetting polymers are essential in many applications due to their exceptional mechanical and thermal 
properties, which arise from their three-dimensional cross-linked structures [1]. Among them, epoxy resins are 
widely used in coatings, adhesives, construction materials, electronics, and composites [2,3]. However, their 
infusible nature and widespread use result in significant end-of-life waste, posing serious environmental 
challenges [1]. Chemical recycling under moderate conditions offers advantages over mechanical and thermal 

methods [2]; however, conventional processes often rely on strong acids, bases, or organic solvents that 
generate hazardous by-products.  

Hydrogen peroxide (H₂O₂) has emerged as a “green” oxidant, as its only by-product is water [4]. In this study, 
the chemical recycling of an amine-cured epoxy resin system was investigated using 35 wt% and 50 wt% H₂O₂ 

solutions at 85 °C, without employing additional reagents [5]. The variation in sample mass over time was 
monitored to assess swelling behaviour and estimate the diffusion coefficient of H₂O₂ within the resin network. 

Swelling is a key step, as solvent uptake facilitates oxidant penetration, which can lead to bond cleavage and 
network relaxation. Complete dissolution of epoxy samples (initial mass of about 3.5 g) was achieved within 24 
hours. Concurrently, pH changes were recorded to explore potential correlations with reaction progress.  

Overall, these findings demonstrate that H₂O₂ alone can provide a simple and environmentally friendly route to 

epoxy resin recycling, warranting further investigation into the reaction mechanism and degradation products.  
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Sustainable bio-based hydrogels are increasingly explored as platforms for controlled drug delivery and wound 

care [1], while thermoresponsive are gaining strong strong traction in the field [2]. In this work, hybrid matrices 

composed of Poloxamer 407 (PEO–PPO–PEO), gelatin, and sodium carboxymethylcellulose were synthesized 

using citric acid as a green crosslinker. The systems combine the amphiphilic character of poloxamer with the 

biocompatibility of natural polymers.   

Hydration behavior was examined under controlled relative humidities using DSC, FTIR, and gravimetric 

analyses. Up to relative humidity of about 81%, water sorption followed the Guggenheim–Anderson–de Boer 

(GAB) model, indicating multilayer adsorption without major structural rearrangement. Interestingly, despite 

water absorption, melting and glass transition temperatures remained nearly constant. However, when humidity 

increased to 97 %, a sharp rise in water uptake was observed in poloxamer-containing systems, attributed to 

penetration of water into crystalline PEO domains and formation of a water–polymer eutectic mixture. This 

mixture cold-crystallized and melted at lower temperatures, accompanied by a pronounced decrease in glass 

transition temperature, indicating strong plasticization. At high hydration, DSC heating revealed a shallow 

endotherm consistent with the thermoresponsive transition of poloxamer from a hydrophilic to hydrophobic state 

[3], although its precise origin requires further verification.   

These findings demonstrate that the interplay between poloxamer amphiphilicity, partial crystallinity, and 

hydration governs the dynamic behavior of these green, biodegradable hydrogels, highlighting their potential 

for responsive drug delivery applications.   
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Molecularly imprinted polymers (MIPs) have emerged as versatile materials for the selective recognition and 

separation of molecules, owing to their tunable porosity, chemical functionality, and the ability to generate 

template-specific cavities[1]. MIPs are highly crosslinked polymeric structures that have been designed to identify 

specific target molecules. Compared to conventional separation techniques, MIPs offer the advantages of high 

specificity, reusability, and cost-effectiveness, making them attractive for applications in biotechnology, 

diagnostics, and enzyme purification[2].   

In this study, a novel hydrogel system based on poly(vinylbenzyl chloride-covinylbenzyltriethylammonium 

chloride), P(VBC-co-VBCTEAM50) in combination with poly(dimethylaminoethyl methacrylate), PDMAEMA was 

designed and synthesized via a crosslinking reaction that takes place at room temperature (RT). For this reason, 

4-vinylbenzyl chloride (VBC) was used after polymerization, and was partially modified with triethylamine 

(TEAM) and mixed with the homopolymer PDMAEMA under mild conditions leading to the formation of 

hydrogels. In order to develop molecularly imprinted polymers that have specific molecular recognition 

properties for a given compound acid phosphatase was used, which was added to the reaction mixture to form 

its molecular imprint. The selectivity of the polymeric hydrogel was investigated, using various proteins of similar 

or different molecular mass, compared to acid phosphatase. It was found an adsorption of the polymeric 

hydrogel on BSA and Ovalbumin, 21 and 72%, respectively, while adsorption on Lysozyme and Cytochrome C 

was not detected. Subsequently the polymeric hydrogel was tested in respect to its ability to adsorb the acid 

phosphatase from a standard solution and as a next step its ability to absorb the acid phosphatase from an 

extract of barley seeds, of the same enzymatic activity with the standard solution. An adsorption of 63% was 

achieved in the latter case. The recovery of enzyme from polymeric hydrogel, its purity, as well as the 

maintenance of its activity, are currently studied. This approach has been specifically designed for biological 

systems since the used mild conditions, and the absence of detrimental additives allows its application in 

enzymes and related biological molecules.    
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We present a synthetic strategy for forming hydrogel polymer networks crosslinked via Suzuki– Miyaura cross-

coupling reactions. By combining a boronic acid–functionalized sodium alginate with benzene-iodide–bearing 

polymethacrylate or poly(ethylene glycol) co-gelators, we developed a fully aqueous crosslinking approach 

catalyzed by palladium. This method yields robust polymer networks stabilized by covalent C–C linkages. The 

crosslinking process is bioorthogonal, as verified in the presence of whole blood, and exhibits minimal 

hemotoxicity, making this synthetic platform promising for biomedical applications.   
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The pH-responsive behavior and molecular interactions of PEO-b-Poly(L-histidine)/oxaliplatin nanoparticles 
were systematically investigated using nuclear magnetic resonance (NMR) spectroscopy under different 
solvent conditions. Chemical shift variations observed in D₂O and D₂O buffer solutions confirmed the pH 

sensitivity of the nanoparticle system. In the buffered environment, resonances corresponding to Poly(L-
histidine) exhibited slight upfield shifts, while the PEO signals remained unchanged. Enhanced s ignal 
intensities of oxaliplatin and Poly(Lhistidine) in D₂O buffer indicated increased solubility of the polymeric core 

and partial disassembly of the nanostructure. Only minor changes were detected in the oxaliplatin resonances, 

except for the proton adjacent to the platinum center (peak a), which displayed a distinct relocation, suggesting 
specific coordination interactions.  

Complementary diffusion-ordered NMR spectroscopy (DOSY) measurements were performed in D₂O and D₂O 

phosphate buffer saline (PBS) to determine diffusion coefficients and assess nanoparticle dynamics. The 
diffusion constants, obtained through non-linear fitting of Gaussian decay profiles, provided insight into 
molecular size variations associated with complex formation and environmental pH. The results demonstrate 
that PEO-b-Poly(Lhistidine)/oxaliplatin nanoparticles exhibit clear pH-responsive structural changes and 
metal– ligand coordination, supporting their potential as tunable nanocarriers for platinum-based anticancer 
therapeutics.  
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This study focuses on elucidating the interactions between the anticancer drug oxaliplatin and poly(L-

histidine)-based systems, using NMR spectroscopy to provide detailed structural insights. 1 Polypeptides and 

hybrid copolymers incorporating poly(L-histidine) were synthesized and employed for the complexation of the 

drug. 2 Poly(L-histidine) contains an imidazole group, which enables coordination with metal ions such as Zn 

and Pt.7 These features make it a promising candidate for the development of nanoparticle-based carriers for 

platinum-based chemotherapeutics. The novelty of this work lies in the use of the protonated solvent 

1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) to investigate the complexation of poly(L-histidine) with oxaliplatin 

via NMR spectroscopy. HFIP served as an excellent solvent for poly(L-histidine), and a d6-DMSO capillary 

was employed during measurements to ensure accurate analysis. Complementary studies of drug 

complexation in hybrid copolymers were performed using NMR spectroscopy in D₂O and D₂O buffer (pH 5). 

The results confirmed complexation of oxaliplatin with the imidazole groups of poly(L-histidine). Specifically, 

disappearance of the imidazole –NH proton signal and the relocation of characteristic poly(L-histidine) 

resonances were observed, providing strong evidence for binding. These findings highlight the potential of 

poly(L-histidine)- based copolymers for the development of advanced drug delivery systems for platinum-

based anticancer therapies.  
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Multilayers of bovine serum albumin (BSA) and chondroitin sulfate (CS) were constructed on gold substrates 

at pH 4.2 using the layer-by-layer (LbL) assembly method and investigated by surface plasmon resonance 

(SPR) spectroscopy [1]. Adsorption times of 15, 30, 60, and 120 minutes were systematically examined to 

evaluate their effect on multilayer growth. The buildup process displayed two distinct regimes: an initial 

exponential phase, followed by a linear growth regime. Increasing the adsorption time shifted the crossover 

point between these two regimes to higher deposition cycles. Moreover, prolonged adsorption of BSA 

extended the exponential regime, delayed the onset of linear growth, and enhanced the amount of material 

deposited per cycle during the linear regime. These findings demonstrate that adsorption time critically 

governs the assembly and structural development of BSA–CS multilayer films. Our results agree with a model 

that takes into account kinetically controlled process through the migration of  polycations into and out of the 

film. This model predicts that the transition from exponential to linear growth occurs when the adsorption 

(dipping) time is insufficient for uniform redistribution of polycations [2]. The results provide valuable insights 

for tailoring biopolymer coatings and designing nanostructured biomaterials with controlled growth properties 

[3].    
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 In this study, we describe the controlled synthesis of poly(γ-benzyl-L-glutamate) (PBLG) homopolymers with 

adjustable molecular weights using anionic ring-opening polymerization of γ-benzyl-L-glutamate N-

carboxyanhydrides (BLG-NCA).1,2 The reactions were performed under inert, high-vacuum conditions to 

reduce side reactions and ensure reproducibility. Dimethylamine was used as the initiator, allowing efficient 

chain growth and precise regulation of polymer length. The resulting polymers  were thoroughly characterized 

using FT-IR, ¹H-NMR, and GPC. These techniques confirmed the successful formation of the polypeptide 

backbone, the preservation of benzyl protecting groups, and a clear relationship between polymerization 

degree and molecular weight distribution. To gain deeper insight into structural features, homopolymer 

samples with 7 and 100 monomeric units were examined by 2D COSY NMR spectroscopy. The analysis 

confirmed the α-carbon (Cα) resonance, with α, α1, and α2 protons correlating with β and γ protons. As the 

chain length increased, end-group signals became less visible, producing cleaner spectra, while proton 

integrations matched the expected theoretical values.3 Overall, this study not only demonstrates a reliable 

strategy for synthesizing wellcontrolled PBLG homopolymers but also highlights how initiator interactions 

influence their conformational behavior across different molecular weights. 4   

 

Figure 1 1H-NMR spectrum of PBLG homopolymers (N=7) in CDCL3 
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Usually, in B-DNA, unless a transition or a transversion mutation occurs, guanine (G) forms with cytosine (C) a 

G-C base pair; adenine (A) forms with thymine (T) an A-T base pair. In a finite B-DNA oligomer or polymer, 

charge oscillations close to or above the THz regime are established after initial creation of a hole (oxidation) or 

of an extra electron (reduction), before interaction with the environment destroys coherence. Homopolymers 

are the best choices for charge transfer, due to their equal on-site energies and interaction integrals between 

sites. [Below we only write the sequence of bases along the 5′-3′ direction in one strand.] What happens if we 

disturb a homopolymer, for example Gn, introducing transition mutations, e.g. one G to A replacement, modifying 

it to AGn−1 or GmAGn−m−1 or Gn−1A or by introducing disorder in the on-site energies and in the interaction integrals 

between sites [1]? How will the frequency content of charge oscillations change? To answer these questions, 

we utilize the coarse grained Fishbone Wire model within the Tight Binding (TB) approach. We study the 

influence of transition mutations and the influence of disorder emanating either from the π path or from the 

backbone. For the TB parameters, we use a parametrization derived from another TB at atomic level, 

considering all valence orbitals of all atoms [2]. We calculate the HOMO and LUMO regime eigenstates, the 

participation ratio (a measure of each eigenstate localization), the time-dependent probability to find the carrier 

at each site, the mean over time probability at each site, and the mean transfer rate from site to site. Then, by 

Fourier transforming the charge and dipole moment oscillations we obtain the frequency spectra, the weighted 

mean frequency (WMF) of each site and the total weighted mean frequency (TWMF) of the polymer. These 

quantities describe sufficiently the frequency content of charge and dipole moment oscillations. Higher 

frequencies mean easier charge transfer within the molecule. Transition mutations and disorder increase 

localization and impede charge transfer.    

References  

[1] P. Banev, A. Falliera, C. Simserides, Influence of transition mutations and disorder on charge localization 

and transfer along B-DNA sequences, Physica Scripta 100 (2025) 075992 (pp. 20)   

[2] M. Mantela, K. Lambropoulos, C. Simserides, Charge transport properties of ideal and natural DNA 

segments as mutation detectors, Physical Chemistry Chemical Physics 25 (2023) 7750-7762 

  

https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1088/1402-4896/ade63e
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C
https://doi.org/10.1039/D3CP00268C


POLYCONF 15 

 

15th Hellenic Polymer Society Conference 
3 - 6 December 2025, Patras, Greece 

200 
 

P101. Rheological Tuning of Nanoclay–Hyaluronic Acid Hydrogels for 

Biomedical and Food Structuring Applications 

Triantafyllia Biza1, Thomas Moschakis1, Aristeidis Papagiannopoulos2 

  

1Department of Food Science and Technology, School of Agriculture, Aristotle University of Thessaloniki, 

Thessaloniki, Greece; 

2Theoretical and Physical Chemistry Institute, National Hellenic Research Foundation, Athens, Greece;  

  

Hybrid hydrogels and viscoelastic fluids composed of nanoclays and biopolymers [1] offer promising 

multifunctional platforms for biomedical and food-related applications due to their tunable rheological properties, 

injectability, and biocompatibility [2]. Hyaluronic acid (HA), a naturally occurring glycosaminoglycan, plays a 

critical role in tissue hydration, wound healing, and joint lubrication, and is increasingly explored in soft matter 

systems. Nanoclays such as Laponite (LAP) have gained attention as rheological modifiers and bioactive 

scaffolds in dermal delivery and bone tissue engineering applications. In this study, we investigated aqueous 

mixtures of HA and LAP nanoclay with varying composition ratios to evaluate their potential in dermal 

formulations, bone regeneration matrices, and soft food structuring, particularly where viscoelasticity and shear -

thinning behavior are critical.  

Rheological characterization included steady shear, linear oscillatory frequency sweeps, and amplitude sweep 

tests to assess flow properties and mechanical resilience. Results demonstrate pronounced shear -thinning and 

yield stress behaviour were observed in select formulations, which are essential for applications involving 

extrusion or topical delivery. Importantly, under specific HA-to-LAP ratios, we observed synergistic interactions 

leading to enhanced viscoelastic moduli and network formation, suggesting co-assembly and reinforcement 

mechanisms between HA chains and nanoclay platelets.  

These findings support the development of customizable, bioinspired hydrogel systems with application-specific 

rheological tuning capabilities. The ability to modulate texture, flow behaviour, and elastic properties in these 

formulations makes them versatile candidates not only in biomedical domains but also in emerging food 

structuring technologies where functional textures are desired.  
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Multi-responsive polymers have gained significant attention due to their tunable properties under external stimuli 

such as temperature or pH changes [1]. Amphiphilic stimuli-responsive copolymers that self-assemble into 

nanostructures can be utilized for the encapsulation of hydrophobic drugs or imaging agents. Such nanosystems 

can find applications in nanomedicine as drug delivery and theranostic platforms [2,3]. Herein, the synthesis of 

poly(2-(diisopropylamino)ethyl methacrylate-co-2(dimethylamino)ethyl methacrylate-co-oligoethylene glycol 

methyl ether methacrylate), P(DIPAEMA-co-DMAEMA-co-OEGMA) terpolymers via reversible addition–

fragmentation chain transfer (RAFT) polymerization is reported. Molecular characteristics of terpolymers were 

determined by Proton Nuclear Magnetic Resonance Spectroscopy (1H-NMR), Size Exclusion Chromatography 

(SEC), and Attenuated Total Reflectance (ATR)-Fourier Transform Infrared (FTIR) spectroscopy. Self-assembly 

studies in different temperatures and pH values were carried out by Dynamic Light Scattering (DLS), 

Electrophoretic Light Scattering (ELS), and Fluorescence (FS) spectroscopy. All terpolymers encapsulated 

efficiently both curcumin and quercetin via the co-solvent protocol. The finely dispersed nanoformulations were 

measured by DLS, UV–Vis Absorption Spectroscopy (UV– Vis), and FS. Nanocarriers remained stable for 21 

days while interactions with fetal bovine serum proteins were tested. The photophysical properties that curcumin 

and quercetin exhibit were enhanced upon encapsulation in the copolymers due to the Aggregation Induced 

Emission (AIE) phenomenon. The physicochemical and photophysical characteristics as well as the stability of 

these nanoformulations make them compelling candidates for use in the biomedical field.  
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Modern dermedic formulations demand advanced delivery systems capable of protecting and efficiently 

releasing active ingredients to enhance their stability, bioavailability, and efficacy. Emulgels have emerged as 

an innovative class of topical carriers addressing this need – they are hybrid semisolid systems combining an 

emulsion with a gel matrix, which allows incorporation of active substances (especially those poorly water -

soluble). Such polymer-based emulsion-gels are of great interest for cosmetic and pharmaceutical applications 

due to their potential to improve localized treatment outcomes and facilitate controlled transdermal delivery of 

actives.  

In this study, two emulgel formulations were developed using carbomer (Carbopol® 940) and hydroxypropyl 

methylcellulose (HPMC) as representative synthetic and semisynthetic polymer bases, respectively. Arnica 

montana extract (a plant-derived antiinflammatory agent) was selected as the model active ingredient. The 

emulgels were prepared by creating an oil-in-water emulsion containing the Arnica extract, then blending it into 

the hydrated polymer gel base under continuous mixing until a homogeneous emulgel was obtained. Each 

formulation underwent physicochemical characterization, including pH measurement and viscosity assessment. 

An in vivo study was conducted on human volunteers for biological performance evaluation: skin hydration, 

transepidermal water loss (TEWL), and skin mechanical properties were measured before and after 4 weeks of 

daily application.  

Our study demonstrates that polymer-based emulgels are highly promising vehicles for the topical delivery of 

active cosmetic ingredients. By combining synthetic and semi-synthetic polymer networks with an emulsion, the 

formulated emulgels achieved controlled release of the active and notable improvements in skin hydration and 

barrier function, highlighting the advantages of this system over conventional cream or gel carriers.  
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The growing interest in sustainable and multifunctional cosmetic formulations necessitates the development of 

advanced strategies in polymer-based material design. In this study, an environmentally conscious approach 

combining microencapsulation and freeze-drying was employed to fabricate porous, water-free materials 

intended for topical skin application. Specifically, biopolymer-lipid matrices in the form of freeze-dried emulsions 

and bigels were developed, incorporating chitosan microparticles encapsulating Sambucus nigra flower extract. 

The water-free character of the final products not only enhances their stability and shelf life but also contributes 

to environmental protection by reducing water consumption during both production and use.  

The formulations were based on biopolymers - sodium alginate, whey protein isolate, and ethylcellulose, and 

included lipids (sea buckthorn oil, beeswax), a cryoprotectant (mannitol), and an emulsifier (Span 80). Chitosan 

microparticles, exhibiting a mean encapsulation efficiency of 71.4%, were loaded with Sambucus nigra extract 

rich in phenolic antioxidants, and introduced into the emulsions and bigels prior to lyophilization. The resulting 

sponge-like structures were comprehensively characterized in terms of morphology (SEM), mechanical 

properties, porosity, density, and residual moisture content.  

The freeze-dried matrices are designed to be rehydrated with minimal water immediately before application, 

providing an innovative and sustainable alternative to conventional aqueous formulations. This research 

contributes to the advancement of sustainable polymeric delivery platforms by integrating biocompatibility, 

structural functionality, and reduced water usage. The developed system offers significant potential not only in 

cosmetic formulations but also in broader biomedical contexts, particularly in the delivery of labile bioactives via 

rehydratable, waterless polymer matrices.  
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Two technologically important polymers (polyacrylonitrile/PAN and polyaniline/PANi) [1-5] were used as the 
matrix for the development of PAN-PANi/graphite nanoplatelets (GNPs) nanocomposites. PAN–PANI/GNP 
nanocomposite mats were produced via electrospinning varying the GNP content. The electrical properties of 
the fabricated nanocomposites fibrous membranes were studied by means of broadband dielectric spectroscopy 
(BDS) in a wide frequency and temperature range.  Obtained results revealed the presence of dielectric 
relaxation related to the polymeric matrix and the filler, as well as an enhancement of conductivity with GNP 

content.   
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Fig. 1: (a) Variation of the real part of dielectric permittivity as a function of frequency, at various temperatures 
of the PAN(80)/PANi(80) specimen (left), and (b) variation of ac conductivity as a function of frequency, for all 
the tested specimens, at 30oC.   
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 The current study investigates the biodegradation of polyhydroxybutyrate (PHB), a key biodegradable polymer 

of the polyhydroxyalkanoate (PHA) family, in activated sludge originating from the oxidation ditch of an urban 

wastewater treatment plant (WWTP). PHAs are linear polyesters of hydroxyacids that exhibit properties similar 

to those of petrochemical plastics, while offering the advantage of biodegradability.  

Small-scale batch experiments were conducted using fresh activated sludge and commercial PHB in powder 

form as the substrate. The effect of critical parameters on PHB biodegradation was evaluated, including (i) 

temperature, (ii) polymer concentration, (iii) addition of external carbon sources, and (iv) addition of nitrogen 

sources. Activated sludge was sampled from different phases of WWTP operation in order to assess the impact 

of variability in the initial microbial biomass. Experimental monitoring included measurements of soluble 

chemical oxygen demand (COD), total suspended solids (TSS), pH, ammonium nitrogen, volatile fatty acids 

(VFAs), as well as the concentration of added carbon sources and residual PHB. In parallel, the initial sludge 

was characterized, and the results were normalized based on sludge characteristics. A scale-up experiment was 

also performed under optimal conditions to further evaluate the role of the initial biomass and sludge properties 

in relation to the environmental parameters of the WWTP.  

The results demonstrated a clear positive effect of elevated temperature on PHB biodegradation, whereas 

higher polymer concentration (1 g/L) was associated with reduced degradation rates. The addition of external 

carbon and nitrogen sources had variable effects, depending on the specific combination and concentration 

applied.  

Overall, this study advances the understanding of PHA behavior in wastewater treatment plants, providing a 

basis for environmental assessment and supporting the development of management strategies for bioplastics.  
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Per- and polyfluoroalkyl substances (PFAS) are extremely stable, resistant to degradation, and widely 
distributed environmental pollutants that pose considerable analytical challenges due to their ultra-low 
concentrations and complex behavior in diverse matrices. Their persistence and potential for bioaccumulation 
have raised global concerns, particularly in industrial and consumer environments where they may be released 
from products containing fluoropolymers. Detecting PFAS rapidly and reliably at trace levels remains a major 
challenge, as conventional analytical methods typically require lengthy sample preparation, sophisticated 

instrumentation, and extended analysis duration, limiting their applicability for real -time monitoring.  
Fluoropolymers, such as polytetrafluoroethylene (PTFE, Teflon) and polyvinylidene fluoride (PVDF), are widely 
employed in a variety of applications and can act as precursors of PFAS under environmental and/or industrial 
conditions. This concern extends to proton exchange membrane (PEM) technologies—electrolyzers and fuel 
cells—which rely heavily on fluorinated polymer membranes for their performance and durability.    
In this work, we focus on advancing Surface-Enhanced Raman Spectroscopy (SERS) as an analytical 
methodology for trace PFAS detection. By systematically refining and optimizing the sample preparation 

workflow prior to SERS analysis, we enabled precise quantification of PFAS, followed by sensitive detection at 
ppt levels, for representative compounds such as PFOA and PFOS. Our approach demonstrates that SERS 
offers a rapid, label-free, and ultra-sensitive platform for monitoring PFAS derived from fluoropolymers, even in 
complex environmental and industrial matrices. These methodological improvements highlight the potential of 
SERS for environmental tracking, human exposure assessment, and future studies on polymer -derived PFAS 
formation and fate, ultimately contributing to more effective monitoring strategies for these persistent 

contaminants. 
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Depending on the specific application, membrane-based systems for gas dehumidification can offer notable 

benefits in terms of energy efficiency, operational performance, and cost-effectiveness when compared to 

traditional dehumidification methods such as refrigeration, adsorption, or absorption. Room temperature ionic 

liquids (RTILs) are organic salts that remain in the liquid state at room temperature. They present unique 

properties, such as low volatility, high thermal and chemical stability, and flexibil ity regarding tailoring of their 

chemical properties.[1] Polymeric ionic liquids (PILs) are functional materials that offer the advantages of RTILs 

in a macromolecular architecture enhancing their interaction with water vapor through their intrinsic electr ostatic 

nature and the tuning of their components' hydrophilicity.  

PIL-IL blends can be used to manufacture self-standing membranes, thereby preventing phase separation and 

enabling the cohesion of the constituents through coulombic interactions. Polydiallyldimethylammonium chloride 

([PolyDADMAC][Cl]) is a well-known flocculant and coagulant in water treatment processes and has recently 

emerged as a promising material for gas separation purposes. [2] For this reason, self -standing 

[PolyDADMAC][anion]-20%[emim][anion] membranes including C(CN)3
-, TFSI-, SCN- and Ac- anions were 

fabricated. The synthesis of various PILs and RTILs was accomplished through anion-exchange reactions. Their 

structure was verified using 1H and 13C NMR and ATR-FTIR spectroscopy, and their thermal properties were 

investigated using TGA and DSC techniques. In addition, single gas and water vapor separation experiments 

were conducted with the PolyDADMAC [Anion]-20% [emim][Anion] membrane, which demonstrated significant 

water vapor permeability up to 640,000 Barrer. This membrane shows great promise for use in dehumidification 

processes.  
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