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WELCOME TO POLYMERS 2024 

Dear Participants, colleagues, and friends, 

After four years, the task of organizing the Slovak-Czech conference Polymers 2024 fell to the 

Slovak partner from the Polymer Institute of the Slovak Academy of Sciences. Considering the 

increased participation of foreign polymer chemists and physicists at the previous event organized 

by Czech partners from the Institute of Macromolecular Chemistry of the Czech Academy of 

Sciences, we decided to organize the conference internationally. We chose the Academia  

Hotel in Stará Lesná as the venue for the 13th edition of the Polymers 2024 conference, where the 

beginning of autumn creates a beautiful Tatra atmosphere. The goal of this conference has always 

been not only to present the participants' latest scientific results and outputs but also to create new 

scientific contacts and deepen cooperation between the Polymer Institute SAS and the Institute of 

Macromolecular Chemistry CAS. In addition to the broad focus of the conference’s topics covering 

basic and applied research carried out by experimental or theoretical approaches, there is also space 

for the presentation of products by colleagues from the commercial sphere.  

We believe that the tradition of this conference and the environment in which it will take place 

will attract scientists of all age categories including PhD students.

On behalf of the Organizing committee of Polymers 2024, it is my pleasure and privilege to 

welcome you to High Tatras, wish you a very nice stay here and a fruitful time. 

Dr. Zuzana Benková 
Chairwoman of Polymers 2024 



VENUE 

 

 

CONGRESS CENTRE ACADEMIA 

The Congress Center (CC) Academia is situated at the foot of the Lomnicky peak in the eastern 
part of the Vysoke Tatry Mountains in Slovakia. It’s located on the border of the Tatra National 
Park, in a quiet surrounding a short way off the towns Tatranska Lomnica and Stary Smokovec.  

An advantageous situation is supplemented by small distances from the airport and the major 
Slovak routes in Poprad (only 15 km), as well as by nearness of the architectonic jewels of Spis 
region – Levoca, Kezmarok or Stara Lubovna. 

 

More details about accommodation you can find on https://kcacademia.sav.sk/en/  

  

https://kcacademia.sav.sk/en/
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PLENARY SPEAKER 

 

doc. RNDr. Peter Košovan, PhD. 
Charles University 

 
Curriculum Vitae  

Personal page 

 

TITLE 

 Acid-base equilibria and partitioning of solutes in two-phase 
systems containing charged polymers and colloids 

 

 

SCIENTIFIC COMMITTEE 

Ing. Hynek Beneš, PhD.  Institute of Macromolecular Chemistry CAS, Prague 

Ing. Jiří Brus, Dr.   Institute of Macromolecular Chemistry CAS, Prague 

Mgr. Martin Danko, PhD.  Polymer Institute SAS, Bratislava 

Ing. Anita Eckstein, PhD.  Polymer Institute SAS, Bratislava 

RNDr. Tomáš Etrych, DrSc.  Institute of Macromolecular Chemistry CAS, Prague 

MSc. Abolfazl Heydari, PhD.  Polymer Institute SAS, Bratislava 

prof. Mgr. Martin Hrubý, DrSc. Institute of Macromolecular Chemistry CAS, Prague 

Mgr. Jozef Kollár, PhD.  Polymer Institute SAS, Bratislava 

Dr. Ing. Jiří Kotek   Institute of Macromolecular Chemistry CAS, Prague 

Mgr. Juraj Kronek, PhD.  Polymer Institute SAS, Bratislava 

Mgr. Zuzana Kroneková, PhD. Polymer Institute SAS, Bratislava 

Ing. Matej Mičušík, PhD.  Polymer Institute SAS, Bratislava 

Mgr. Katarína Mosnáčková, PhD. Polymer Institute SAS, Bratislava 

RNDr. Jiří Pfleger, CSc.  Institute of Macromolecular Chemistry CAS, Prague 

Ing. Zdeňka Sedláková, CSc.  Institute of Macromolecular Chemistry CAS, Prague 

Ing. Zdeněk Starý, PhD.  Institute of Macromolecular Chemistry CAS, Prague 

Mgr. Zdenko Špitálsky, PhD.  Polymer Institute SAS, Bratislava 

https://polymer.sav.sk/polymery2024/wp-content/uploads/cv_pk_latex_full.pdf
https://physchem.cz/research/soft-matter/


ORGANIZING COMMITTEE 

Zuzana Benková  
chairwoman of POLYMERS 2024 

Dušan Račko 
co-chairman of POLYMERS 2024  

Silvia Podhradská 
Secretary of POLYMERS 2024 

Omid Moghaddam 

Renáta Rusková 

Alena Opálková – Šišková 
 
 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 

PROGRAMME 
 



17:00 - 18:30

19:00

9:00 - 9:20

Chaired by

9:20 - 9:40 L-01

Pavol Alexy

9:40 - 10:00 L-02

Ivan Chodák

10:00 - 10:20 L-03

Ivan Kelnar

10:20 - 10:50

Chaired by

10:50 - 11:10 L-04

Petr Štěpánek

11:10 - 11:30 L-05

Jozef Kollár

11:30 - 11:50 L-06

Vladimír Raus

11:50 - 12:10 L-07

Jaroslav Mosnáček

12:10 - 12:30 L-08

Sachin Gupta

12:30 - 14:00

Chaired by

14:00 - 14:20 L-09

Shiao-Wei Kuo

14:20 - 14:40 L-10

Martin Danko

14:40 - 15:00 L-11

Katarína Borská

15:00 - 15:20 L-12

Abolfazl Heydari 

15:20 - 15:40 L-13

Chih-Feng Huang

15:40 - 16:00 L-14

Stepan Podzimek

16:00 - 18:00

18:00 - 20:00

Chaired by

9:00 - 9:30 L-15

Peter Košovan

9:30 - 9:50 L-16

Pritam Guha

Synthesis and molecular structure of acrylic copolymers containing bio-

synthetic monomers

Acid-base equilibria and partitioning of solutes in two-phase systems 

containing charged polymers and colloids

Tailoring 2-oxazoline based digradient copolymers for rifampicin delivery: 

synthesis, physicochemical properties, and colloidal behavior

Poster session

Dušan Račko

Registration

Welcome dinner

Opening

Coffee Break

Lunch

Chih-Feng Huang

Jaroslav Mosnáček

Excursion in Astronomical Institute SAS, dinner

Tuesday October 1, 2024

Session 1

Thursday October 3, 2024

Wednesday October 2, 2024

Session 2

Session 3

Session 4

Investigations of efficient reactions towards polymerizations to the 

preparations of novel functional polyesters

Ecological materials from bio-based and bio-degradable polymers

Modification of thermoplastic starch as a component in mixtures with 

biopolymers

Processing, blending and modifications of chitin/glucan complex in ionic 

liquids

Microfluidic preparation of polymer nanoparticles and giant polymer vesicles

Exploring various techniques to produce polymeric nanoparticles

Oxygen tolerant surface initiated photochemically induced ATRP

Polysaccharide-synthetic polymer hybrids: from graft copolymers to blends 

and (nano)composites

Functionality amplification for the straightforward synthesis of complex 

polymeric architectures

Construction archimedean tiling patterns based on soft materials

Dynamic polyester networks based on tulipalin a and ε-caprolactone 

crosslinked by thia-Michael reaction and activated by alkylation of thioether 

group

Polylactide-based dynamic networks

Dynamic networks in biomedical applications: connecting molecular 

behavior to macroscopic properties

Zdenko Špitalský 



9:50 - 10:10 L-17

Rafal Poreba

10:10 - 10:30 L-18

Zuzana Benková

10:30 - 10:50

Chaired by

10:50 - 11:10 L-19

Igor Lacík

11:10 - 11:30 L-20

Michal Babič

11:30 - 11:50 L-21

Krzysztof Jerczynski 

11:50 - 12:10 L-22

Michal Pechar

12:10 - 12:30 L-23

Jiří Pfleger

12:30 - 14:00

Chaired by

14:00 - 14:20 L-24

Peter Virnau

14:20 - 14:40 L-25

Dušan Račko

14:40 - 15:00 L-26

Renáta Rusková

15:00 - 15:20 L-27

Pawel Dabrowski-Tumanski 

15:20 - 15:40 L-28

Peter Cifra

15:40 - 16:00 L-29

Ján Smrek

16:00 - 16:15 L-30

Stanislav Kukla 

16.15 - 16.30

Chaired by

16:30 - 16:45 LS-01

Nafiseh Babaei

16:45 - 17:00 LS-02

Ankita Meena

17:00 - 17:15 LS-03

Omid Moghaddam

17:15 - 17:30 LS-04

Silvia Mares Barbosa

17:30 - 17:45 LS-05

Fereshteh Kazemi-Aghdam   

17:45 - 18:00 LS-06

Aakash Sharma

19:00

Special evening lecture

Ivan Chodák

Synthesis and characterization of biocompatible and 3D printable poly 

(OEGMA-stat-MMA) thermoplastic elastomers via ATRP polymerization 

suitable for tissue engineering applications

Session 7

Coffee Break

Zuzana Kroneková

Polymer particles as contrast agents for photoacoustic tomography

Chapters in Green chemistry

Synthesis of molecular brushes with lubrication properties as component of 

novel injectable polymer gels for osteoarthritis treatment

Targeting of polymer drug delivery systems with recombinant proteins bound 

via tris(nitrilotriacetic acid)

Electronic memory phenomena in polymers – from digital memory to 

memristors and simulation of neuronal synapses

Knots in polymers, DNA and proteins

Knots in polymers and biopolymer and chirality

Session 6

Lunch

Zuzana Benková

DNA topology in Atomic Force Microscopy

Borromean rings in proteins

Cavity confinement of semiflexible macromolecules

Active polymer melt

Well-defined poly(2-isopropenyl-2-oxazoline) brushes provide fouling 

resistance and versatility in surface functionalization

Interactions of proteins with poly(ethylene oxide) modified surfaces in two 

different setups studied by molecular dynamics

Alginate-based microspheres for cell encapsulation in diabetes treatment

Session 5

Coffee Break

Martin Hrubý

Propagation rate coefficient of methyl acrylate and 2-methoxy ethyl acrylate 

in water and ethanol/water mixtures

Investigation of dynamic and static properties of cyclic polyacrylate melts

Natural nanofillers from Aspergillus niger as a highly efficient reinforcement 

in novel elastomers based on waterborne polyurethane

Mechanical characterization of dual crosslinked alginate-based hydrogel 

formed via reversible covalent bonds

The unusual gelation in aspartate-based polyurea: effect of sniv salt on 

network structure

Conference dinner

Swing, an important part of jazz music, piano performance and comments



Chaired by

9:00 - 9:20 L-31

Zdenko Špitalský 

9:20 - 9:40 L-32

Radek Stocek

9:40 - 10:00 L-33

Anastasiia Stepura

10:00 - 10:20 L-34

Mária Kováčová

10.20 - 10.50

Chaired by

10:50 - 11:10 L-35

Martin Hrubý

11:10 - 11:30 L-36

Juraj Kronek

11:30 - 11:50 L-37

Tibor Macko

11:50 - 12:10 L-38

Zuzana Kroneková

12:10 - 12:30 L-39

Matej Mičušík

12:30 - 13:00 Closing

13:00 - 14:00 Lunch

Cationic poly(2-ethyl-2-oxazoline)s as new class of biocompatible modifiers 

of montmorillonites for sorption and decontamination of organic molecules

Two-dimensional materials and hybrids for advanced application

Friday October 4, 2024

A detailed study of the effect of cyclic loading on the thermal expansion 

coefficient of reinforced styrene-butadiene rubber as a function of different 

carbon black types"

Study of properties of novel HAVOH-based polymeric nanocomposites with 

2D MXene

Hydrophobic carbon quantum dots as antimicrobial agent in polymer 

coatings and their eco-toxicity study

Stimuli-responsive polymers for bioapplications: From drug delivery systems 

to sensor

Poly(2-isopropenyl-2-oxazoline) as a versatile functional polymer for 

advanced materials

Advanced analytical characterization of synthetic polymers with 

chromatographic and spectroscopic method

Session 9

Igor Lacík

Antibacterial activity of 3D printed thermoplastic elastomers for biomedical 

applications

Session 8

Matej Mičušík

Coffee Break



P-01 Emrah Çelen
Silk fibroin nanoparticles: a novel carrier for bioactive agents in skin therapy

P-02 Tania Chopra
Synthesis of guanidine-based polycations for the preparation of multicomponent 

microcapsules

P-03 Öznur Emeklioğlu
Preparation of novel cardanol based polyurethane dispersions as fluorine free water 

repellents for textile applications

P-04
Oľga Fričová

Natália Šmídová

Changes in molecular mobility in thermoplastic starch due to humidity and storage 

time – NMR study

P-05 Mária Gurská
Controlled polymerizations of furan-based monomers for developing sustainable 

(co)polymers

P-06 Shima Kalantarifard
Synthesis and characterization of soluble and insoluble β-cyclodextrin-Taurine 

polymers

P-07 Matus Kalina
Synthesis and morphological characetrization of an PLA-PDMS-PEE ABC miktoarm 

star

P-08 Peter Machata
Conducting polymers as an efficient tool to enhance catalytic activity of Ni foam-

based catalysts

P-09 Mayra Mariño Synthesis and properties of ferulic acid-grafted nanocellulose radical-mediated

P-10 Alžbeta Minarčíková
Poly(2-isopropenyl-2-oxazoline) for sustainable delivery of ibuprofen: cytotoxic and 

bioimmunological effects

P-11 Vít Guiglielmo Mišurec 
Nitroaromatic- and diselenide-based polymer radiosensitisers aiming higher 

radiotherapy efficiency

P-12 Alena Opálková Šišková Kitchen waste-derived biochar: preparation and comprehensive characterization

P-13 Jiří Pánek A new concept of polymer potentiometric-fluorescence sensor

P-14 Anita Rana
Poly(2-oxazoline)-stabilized nanoparticle-based carriers for binding to cell membrane 

receptors

P-15 Farnoush Salehtash Feasibility of screen-printed sensor based on the kitchen waste-derived biochar

P-16 Mohamed Shaalan
The expression of virulence genes in Staphylococcus aureus after contact with 

HCQDS/PDMS

P-17 Oleksandr Shapoval
Liraglutide-labeled poly(methyl vinyl ether-alt-maleic acid)-coated upconverting 

nanoparticles for diabetes theragnostic

P-18 Manisha Singh

Controlled, rapid and straightforward synthesis of poly(n-(2-hydroxypropyl) 

methacrylamide, (poly(HPMAM)), brushes via interface-mediated reversible addition-

fragmentation chain-transfer (RAFT) polymerization

P-19 Zita Tomčíková Preparation of the biofilms mass dyed with food pigments

P-20 Anita Wysopal 
Porous poly(methylhydrosiloxane)-based materials: modification using n-

allylpiperidine

P-21 Justyna Żmuda
Multicompartment or not: structural insights into temperature- and concentration 

responsive copolymer micelles

Wednesday October 2, 2024



 
 
 
 
 
 
 

BOOK OF ABSTRACTS 
 



 

 

1 

 

L-01: ECOLOGICAL MATERIALS FROM BIO-BASED AND BIO-
DEGRADABLE POLYMERS 

Pavel Alexya,b, Mária Mikolajová b, Mária Fogašová b, Vojtech Horváth b, Andrej Baco b, 
Michal Ďurfina b, Sára Vach Agócsová b, Jozef Feranc b, Roderik Plavec b 

aSlovak University of Technology in Bratislava, FCHPT, Instutute of Nartural and synthetic 
polymers;Radlinskeho 9, Bratislava (pavol.alexy@stuba.sk) 

bPanara a.s., Krskanska 21, Nitra; (pavol.alexy@panara.eu)  
 

Actual trends in environmental protection is focused mainly on decarbonisation of 
industry (reducing of fossil greenhouse gasses), elimination of littering in nature, saving of 
energy sources. Main ecological stream in polymer industry is focusing on recycling and 
protection of environment against micro particles, especially micro plastics. A lot of effort is 
devoted to collection, separation and recycling of plastic waste, while as the most effective 
methods are considering material recycling, chemical recycling and also energetical recovery 
of plastic waste. All these basic methods are strongly supported by European legislation. True 
is, that material recycling is not possible in case of plastics 100% and infinity times, so finally 
unrecyclable plastic waste is incinerated. In case of synthetic plastics green house gasses are 
produced by this way and, in addition, sources for production of new polymeric materials are 
not recovered. It is not long term sustainable solution. From this point of view, new ways 
should be evaluated for finding more effective and sustainable solutions. Based on logical 
analysis, the full ecological polymeric materials have to fulfill next basic criteria: 

- fully bio-based, without fossil based raw materials 
- fully biodegradable in all environments 

optionally 
- reusable 
- recyclable 

Many solutions in the present are based on PLA modified with fossil based polymers like 
PBAT, also frequently combined with modified starch. Pure biodegradable bio based 
polymers (BBP) like PLA, PHAs, PBS, STARCH do not fulfill application criteria, in 
addition PLA as the most frequently use BBP creates microplastics in free nature.  

It looks, that polymer blends based on the BBP is optimal solution. Especially 
combinations of various types of PLA with various types of PHAs give the wide range of 
materials which are fully biodegradable not only in compost, but also in soil and water, it 
means they do not create residuals in environment in form of micro plastics.  

New types of materials were developed and introduced in industrial scale production. All 
of them are from BBP category and exhibit a wide range of application properties, from hard 
and strong materials to very flexible ones, including typical TPE materials, special types 
exhibit very good barrier properties. Basic types of them and principles how to achieve 
suitable combination of ecological and application parameters will be presented during 
conference. 

Acknowledgment: Work was supported by grants: APVV-20-0256, APVV-20-0193, APVV-23-0221 
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L-02: MODIFICATION OF THERMOPLASTIC STARCH 
AS A COMPONENT IN MIXTURES WITH BIOPOLYMERS  

Ivan Chodák, Hamed Peidayesh, Katarína Mosnáčková 

Polymer Institute SAS, Bratislava, Slovakia (Ivan.Chodak@savba.sk) 
 

Thermoplastic starch (TPS) is a valuable additive to a number of polymers. It is formed 
by plasticization of native starches, almost entirely with glycerol, although number of other 
plasticizers are available. The primary aim of the addition of TPS to bioplastics is usually 
a decrease of the price of the final product while maintaining the biodegradability of the 
plastics blend. However, modification of TPS, considering its physical and ultimate 
properties, is in many cases rather easy and straight forward process, and a number of 
different procedures are used to adjusting the final properties of the TPS. Certainly, the final 
effect of the addition of TPS consists not only in the price decrease but the mixture properties 
and possible applications depend significantly on the ultimate properties of both the matrix 
biopolymers and of the TPS. 

In the lecture several options for TPS modification are briefly outlined and described, 
starting with the selection of native starch considering the origin of the starch. The effect of 
various plasticizers or even their mixtures are shown using the example of glycerol and urea.  

The main concern is related to reinforcement of TPS using reinforcing fillers. Among 
these, especially precursors of nanoparticles are the most interesting since in that case 
a substantial reinforcement is achieved with the fiber content below 5 wt %, and the final 
material maintains its classification as biodegradable compostable mixture according to 
relevant standards. Some more advanced cases of TPS modifications will be presented, 
especially the effect of moisture uptake on mechanical and other physical properties of the 
TPS and the effect of long term storing resulting in so called retrogradation, while chemical 
modification consisting in starch crosslinking with citric acid or dialdehydestarch is 
described. 

Few examples are shown of mixing TPS as the most simple glycerol plasticized additive 
in the blends with biodegradable polybutylene adipate terephthalate (PBAT), For this mixture, 
a special compatibilizer was used, namely liquid polyisoprene rubber with polar carboxyl 
moieties, interacting with the TPS by hydrogen bonds while the covalent bonds with PBAT 
were formed by initiating the reaction by thermal decomposition of organic peroxide by 
reactive processing together with homogenization procedure of the mixture. The final 
mechanical properties of the PBAT / TPS outperform substantially the mixtures of PBAT / 
TPS without compatibilizers, as well as with standard low-molecular compatibilizers and are 
the foils have higher both tensile strength and elongation at break compared to LDPE foils 
used for packagings. 
 
Acknowledgment: The work was supported by projects VEGA 1/0751/21 and 2/0109/23 
  

mailto:Ivan.Chodak@savba.sk
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L-03: PROCESSING, BLENDING AND MODIFICATIONS OF 
CHITIN/GLUCAN COMPLEX IN IONIC LIQUIDS 

Ivan Kelnar, Miroslav Janata 

Institute of Macromolecular Chemistry, Czech Academy of Sciences, Heyrovského nám. 2, 
Praha 162 00, Czech Republic; (kelnar@imc.cas.cz) 

 
Chitin/glucan complex (CGC) is material with high potential for biomedical applications 

due to favourable combination of antibacterial and imunostimulating activity of its 
constituents. At the same time, applications of CGC isolated mainly from various fungi like 
Aspergillus niger are limited by insolubility in most of solvents available. The only suitable 
solvents are various ionic liquids (IL) and deep eutectic solvents based on ionic mixtures. In 
this study we have applied 1-ethyl-3-methylimidazolium acetate IL, liquid at ambient 
temperature and “high temperature” IL 1-butyl-3-methylimidazolium chloride which is liquid 
over ~ 70°C. We have found marked effect of CGC content, IL type and isolation process on 
final structure. In the case of 1-butyl-3-methylimidazolium chloride, combination of 
solidification-induced phase separation and subsequent extraction of IL leads at CGC content 
< 5% to formation of microfibrils, also suitable for preparation for composites, whereas 
continuous porous structure is formed at ~10% content. Mixing of CGC and tropocollagen 
solutions led to novel multifunctional material for tissue engineering and wound dressing 
applications. Finally, IL represent also suitable medium for effective chemical modifications 
of CGC. We have performed grafting with different contents of polycaprolactone chains. 
Effect of this modification on self-assembling ability and mechanical properties is discussed. 
Results achieved indicate that application of IL is important tool to prepare wide range of 
CGC- based materials for medicinal applications.  

Acknowledgment: This work was supported by Ministry of Education Youth and Sports of the Czech 
Republic (Grant LUAUS 23004) 

 
 

 

 

  

  



 

 

4 

 

L-04: MICROFLUIDIC PREPARATION OF POLYMER 
NANOPARTICLES AND GIANT POLYMER VESICLES 

Petr Štěpánek, Alessandro Jager, Eliezer Jager, Vladimir Sincari, Jiří Panek 

Institute of Macromolecular Chemistry CAS, Praha, Czech Republic; (stepanek@imc.cas.cz) 
 

We demonstrate that microfluidics is a very powerful technique in controlling the final 
properties of nanoparticles produced by nanoprecipitation. The effects of the flow rate ratio, 
polymer concentration and solvent nature on the quality of the polymer nanoparticles 
produced by three-dimensional hydrodynamic flow-focusing microfluidic device were studied 
using static and dynamic light scattering, and confocal laser scanning microscopy (CLSM). 
Almost monodisperse nanoparticles were successfully prepared with a controllable size in a 
range suitable for drug delivery (18–270 nm), as well as pH-responsive giant vesicles (40-100 
μm) suitable as microreactors or development of cell mimicry approach. 

A variety of biodegradable and biocompatible polymers was investigated including 
poly(ethylene oxide)-b-poly(D,L-lactide), poly(butylsuccinate-dilinoleic acid), poly(D,L-
lactide-co-glycolide), poly(ethylene oxide)-b-poly[2-(diisopropylamino)ethyl methacrylate] 
(PEO-b-PDPA) dissolved in several organic water-miscible solvents. It was shown that the 
nature of the organic solvent plays an important role in final nanoparticle size and 
physicochemical properties when using both simple mixing and microfluidic 
nanoprecipitation, which was traced to differences in cohesive energy densities of the 
solvents. 

The pH-dependent disruption of giant polymer vesicles can be utilized to fabricate pH-
responsive delivery systems for various active compounds, microreactors, and artificial 
organelles, thereby paving the way towards cell mimicry. 
 
1. L.J.C. Albuquerque,…, P. Štěpánek et al., “Microfluidic-Assisted Engineering of Quasi-

Monodisperse pH-Responsive Polymersomes” Langmuir, vol.35, pp. 8363-8372 (2019) 
2. V. Sincari,…, P. Štěpánek et al., “pH-Dependent disruption of giant polymer vesicles: a 

step towards biomimetic membranes “ Polymer Chemistry, vol.14, pp. 443-451 (2023) 
 

 

 

 

 

Figure 1  
Confocal laser scanning microscopy image of the pH-responsive giant 
vesicles (scale bar 100 μm) 

Acknowledgment: Support by the Ministry of Education, Youth and Sports of the Czech Republic 
(grant #LM2023053). 
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L-05: EXPLORING VARIOUS TECHNIQUES TO PRODUCE 
POLYMERIC NANOPARTICLES  

Jozef Kollár, Christyowati Primi Sagita, Dmitrij Bondarev, Agnesa Fiedlerová, Jaroslav 
Mosnáček 

Polymer Institute SAS, Dúbravská cesta 9, 84541 Bratislava, Slovakia, 
(Jozef.Kollar@savba.sk)  

 
 

Preparation of polymers using environmentally friendly solvent such as water is of high 
importance, reducing economic and environmental costs. Polymeric nanoparticles dispersed 
in aqueous media enjoy great popularity in industrial scale application in various practical 
fields such as adhesives, coatings, drug delivery systems, in cosmetics or in optoelectronics.  

This contribution describes various polymerization methods to produce latex polymers, 
including conventional emulsions, surfactant-free emulsions, photoATRP in batch or in flow 
reactor. In our synthetic approach we are focused on bio-derived monomers as well as on 
conventional petroleum-based derivatives. From the list of renewable monomers, derivatives 
with γ-butyrolactone structure are the subjects of our interest1,2. The influence of processing 
technique, type of surfactant, surfactant concentration, monomer content and ionic strength of 
the aqueous phase on molar mass and size of nanoparticles has been studied. In order to 
prepare well defined nanomaterial with tunable macromolecular architecture and 
functionality, photo-induced emulsion atom transfer radical polymerization (photoATRP) of 
several acrylates and (meth)acrylates are performed in batch as well as in flow reactor.  
 
1. J. Kollár et al., “Tulips: A Renewable Source of Monomer for Superabsorbent Hydrogels,” 

Macromolecules, vol. 49, no. 11, pp. 4047–4056, Jun. 2016. 
2. J. Kollár, M. Danko, F. Pippig, J. Mosnáček. Functional polymers and polymeric materials 

from renewable Alpha-unsaturated Gamma-butyrolactones. Frontiers in Chemistry, 2019, 
vol. 7, no. 845. 

 

 
 
Figure 1: SEM of colloidal crystals and TEM of uniform PMBL nanoparticles. 
 
Acknowledgment: Authors thank to APVV grant agency through grant no. APVV-21-0297 and 
SASNSTC-JRP-2023-02-MULTICOM for their financial support.  
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L-06: POLYSACCHARIDE-SYNTHETIC POLYMER HYBRIDS: FROM 
GRAFT COPOLYMERS TO BLENDS AND (NANO)COMPOSITES 

Sachin Gupta, Miroslav Janata, Ivan Kelnar, Vladimír Raus 

Institute of Macromolecular Chemistry, Czech Academy of Sciences, Heyrovského nám. 2, 
162 06, Prague 6, Czech Republic; (raus@imc.cas.cz) 

 
Polysaccharide-based synthetic-natural hybrid polymeric materials have attracted 

considerable attention as they combine the tailorable properties of synthetic polymers with the 
unique characteristics of natural polysaccharide macromolecules, such as renewability, low 
cost, biodegradability, non-toxicity, and high functionality. However, the preparation of such 
hybrids is burdened by some less-convenient polysaccharide properties. For example, the 
synthesis of well-defined polysaccharide-based graft copolymers via reversible-deactivation 
radical polymerization (RDRP) is often complicated by the inefficient introduction of RDRP 
initiation/transfer sites into the polysaccharide substrate. Similarly, applications of 
polysaccharides in polymeric blends and (nano)composites are restricted by polysaccharide 
non-meltability, water sensitivity, or poor solubility in standard solvents, as well as the lack of 
good interfacial adhesion of polysaccharide fibers. These drawbacks often command the use 
of polysaccharide derivatives instead of the unmodified macromolecules, which removes 
some of the original advantages of these materials. 

In this contribution, various approaches to addressing the abovementioned shortcomings 
will be presented. This will include our recently reported highly efficient procedure for 
copper-mediated RDRP initiation site introduction into cellulose substrates that enables the 
synthesis of cellulose backbone-based graft copolymers of unprecedented molecular weight 
and grafting density.1 Further, a novel approach to the preparation of hybrid (crosslinked) 
polymer blends/hydrogels and (nano)composites containing chemically unmodified 
polysaccharides as one of the components will be discussed. This method is taking advantage 
of polysaccharide dissolution in ionic liquids with the use of common monomers as 
polymerizable cosolvents.2 We envisage that the new preparation methods will unlock an 
access to new classes of previously inaccessible polysaccharide-based hybrids and extend thus 
significantly the application potential of this important material class.  

1. S. Gupta, M. Janata, E. Čadová and V. Raus "Straightforward synthesis of complex 
polymeric architectures with ultra-high chain density" Chem. Sci. (2024) DOI: 
10.1039/d4sc01739k. 

2. N. Kotov, V. Raus and J. Dybal „Non-covalent interactions of imidazolium-based ionic 
liquids with model pyrrolidones revealed by FTIR spectroscopy and quantum chemical 
model calculations“ J. Mol. Liq. 312 (2020) 113445. 

 

Acknowledgment: This work was supported by the Ministry of Education, Youth and Sports of the 
Czech Republic (Grant LUAUS 23004). 
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In recent years, the reduction of the deactivator in atom transfer radical polymerization 
(ATRP) was reported using various stimuli allowing external control over the 
activator/deactivator ratio without addition of any additional chemicals.  

Here photochemically induced atom transfer radical polymerization (photoATRP) using 
ppm amounts of copper catalyst complexes without degassing of polymerization mixture and 
with no need to introduce an external reducing agent to the system [1] was optimized for 
surface-initiated polymerizations of various vinyl polymers. Two various methodologies of 
modification of Si-wafers were used, while the effect of type of ligand and ligand to CuBr2 
ratio, type of monomer and light intensity on kinetics, thickness of the grafted polymer layer 
as well as size of the unmodified edges was investigated.[2] The studies were extended also 
on the modification of other metal oxide surfaces as well as surface of cotton fabrics.[3,4] 
Properties of all modified surfaces, such as antibacterial, antifouling, flame retardant etc., 
were also studied depending on the type of grafted polymers.  

1. K. Borska, D. Moravcikova, J. Mosnacek, Macromol. Rapid Commun. Vol. 38, 1600639 
(2017) 
2. R. Karim, Z. Kronekova, F. Pippig, A. Popelka, M. Micusik, A. Kleinova, D. Pathiwada, 

P. Kasak, J. Mosnacek, Eur. Polym. J. Vol. 209, 112900 (2024) 
3. G. Zain, M. Buckova, K. Mosnackova, J. Dohanosova, A. Opalkova Siskova, M. Micusik, 

A. Kleinova, P. Matus, J. Mosnacek, Polym. Chem. Vol. 12, 7073 (2021)  
4. G. Zain, I. Jordanov, S. Bischof, E. Magovac, A. Opalkova Siskova, A. Vykydalova, A. 

Kleinova, M. Micusik, K. Mosnackova, J. Novacikova, J. Mosnacek, Cellulose Vol. 30, 
2529 (2023) 

 
Acknowledgement: The authors thank grant agencies for financial support through projects APVV-
23-534, APVV-19-0338, VEGA 2/0137/23, 2022-17633/NP/DANUBE 2022 CALL / BioTape and 
project COST CA18220. This work was performed during the implementation of the project Building-
up Centre for advanced materials application of the Slovak Academy of Sciences, ITMS project code 
313021T081 supported by the Integrated Infrastructure Operational Programme funded by the ERDF.  
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L-08: FUNCTIONALITY AMPLIFICATION FOR THE 
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Synthesis of complex polymeric architectures (CPAs) via reversible-deactivation radical 

polymerization (RDRP) currently relies on the rather inefficient attachment of 
monofunctional initiation/transfer sites onto CPA precursors. This drawback seriously limits 
the overall functionality of the resulting (macro)initiators and, consequently, also the total 
number of installable polymeric chains, which represents a significant bottleneck in the design 
of new polymeric materials. Here, we show that the (macro)initiator functionality can be 
substantially amplified by using trichloroacetyl isocyanate (TAI)1 as a highly efficient vehicle 
for the rapid and clean introduction of trichloroacetyl groups into diverse precursors. Through 
an extensive optimization study, we created a library of copper-mediated RDRP (Cu-RDRP) 
conditions affording well-controlled TAI adduct-initiated polymerization of different 
monomer classes (styrene, acrylates, methacrylates) in a wide molecular weight range. 
Importantly, using comprehensive NMR and triple-detection SEC studies, we proved 
conclusively for the first time that the TAI-based initiation sites act as trifunctional, 
effectively amplifying the substrate functionality. Through a preliminary investigation we 
show that adducts of TAI with hydroxyl groups leads to hydrolytically stable carbamate 
linker. The TAI strategy was employed in preparation of a novel “star-on-star” architecture 
with unprecedently high chain density through straightforward protocol utilizing in situ/one-
pot approach. The great utility of the TAI strategy in the synthesis of CPAs was exemplified 
using different precursors e.g., β-cyclodextrin (β-CD). In this way, β-CD-based stars with an 
extremely high number of arms were obtained in solution. In summary, the TAI strategy 
unlocks an access to a whole new group of unique CPAs based also on natural substrates.2 
 

1. Z. Samek and M. Buděšínský, In situ reactions with trichloroacetyl isocyanate and their 
application to structural assignment of hydroxy compounds by 1H NMR spectroscopy. A 
general comment, Collect. Czech. Chem. Commun., vol. 44, pp. 558—588, 1979.  

2. S. Gupta, M. Janata, E. Čadová, and V. Raus, Straightforward synthesis of complex 
polymeric architectures with ultra-high chain density, Chem. Sci., Advance Article, 2024 
(DOI: 10.1039/d4sc01739k). 

 

Acknowledgment: The financial support from the Institute of Macromolecular Chemistry, CAS, is 
greatly appreciated. 
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Soft materials based on block copolymers or covalent organic frameworks (COFs) that 

exhibit Archimedean tiling patterns have attracted significant interest due to their potential 
applications in nanopatterning, nanocomposites, and shape selectivity. Additionally, 
researchers have widely investigated the corresponding microporous or mesoporous materials 
with Archimedean tiling from COF or block copolymers as templates with high surface area 
and pore volume, or tunable porosity with different length scales, in separation, energy 
storage, drug delivery, photo-catalysis, photovoltaic solar cells, and chemical sensing. This 
talk highlights recent progress in constructing Archimedean tiling patterns based on the 
creation of ordered structures from block copolymers by self-assembly and the direct 
synthesis of COF materials with various topologies 

1. T. C. Chou, and S. W. Kuo Controllable Wet-Brush Blending of Linear Diblock 
Copolymers with Phenolic/DDSQ Hybrids toward Mesoporous Structure Phase Diagram, 
Macromolecules 2024, 57, 5958-5970.  

2. S. W. Kuo, Construction Archimedean tiling patterns based on soft materials from block 
copolymers and covalent organic frameworks, Giant, 2023, vol. 15, pp. 100170.  
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GROUP 

Islam Ismaela, Miroslav Mrlíkb, Anna Vykydalováa, Adriana Annušováa,c,d, Agnesa 
Fiedlerováa, Jaroslav Mosnáčeka,d, Martin Dankoa,b 
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845 11 Bratislava, Slovakia. 

 
During the last decades polymeric networks containing dynamic covalent bonds have 

received high interest as a result of the possibility of increasing their lifetimes by self-healing, 
reprocessing or recycling upon triggering the reversibility or exchange between their dynamic 
bonds by different stimuli (heat, pH, UV, ox.-red. agents) without or with relatively low loss 
of their original mechanical properties and stability. Dynamic covalent bond-containing 
polymeric networks are called covalent adaptable networks (CANs) or Vitrimers1. 

In this work, linear and star-shaped poly(ε-caprolactone-co-α-methylene-γ-butyrolactone) 
P(CL-co-MBL) copolyesters with a pendant functional double bond of MBL comonomer 
were used as polymeric precursor for organo-gels formation2. Crosslinking was carried out by 
light-initiated thia-Michael reaction using 1,5-pentanedithiol and pentaerythritol tetrakis(3-
mercaptopropionate). The gel content and the crosslinking density varied based on MBL 
comonomer and crosslinker content and were highest for slight thiol to double bond molar 
excess (SH/vinyl; 2/1). The thermal and rheological properties investigation of the obtained 
materials was performed employing DSC, TGA and using frequency and temperature sweeps 
rheological measurements The strength of the network was caused by the crystalline phase of 
the PCL segments up to a temperature of 50 °C. Formed thioether bond within the network 
were not reversible up to 150 °C as it was found based on temperature sweep rheology. 
Following, the activation and conversion of thioether bonds within the obtained materials into 
trialkylsulfonium salts was attained through the alkylation. The dynamic nature of the 
transalkylation at 150 °C allowed network rearrangement, which was proved by stress 
relaxation and creep recovery experiments. 
 
1. W. Zhang, Y. Jin, K. Imato, H. Otsuka, Dynamic Covalent Chemistry: Principles, Reactions, and 

Applications. Wiley 2018. 
2. I. Ismael, M. Mrlík, A. Vykydalová, A. Annušová, Y, Halahovets, J. Mosnáček, M. Danko, Polym. 

Adv. Technol., 2024, 35, e6404.  
 
Acknowledgment: The authors acknowledge the financial support through grants VEGA 2/0168/21, 
SAS-NSTC-JRP-2023-02 „MULTICOMP“ and APVV-21-0297. 
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Polylactide (PLA) is a biocompatible and biodegradable polymer obtained from 

renewable resources and is used in different applications. To improve PLA thermal properties 
and introduce shape stability, the multifunctional hydroxyl-terminated PLA (star PLA) could 
be coupled by diisocyanate and the poly(ester-urethane) network is formed. The disadvantage 
of such networks is that they cannot be reshaped or reprocessed. To solve this problem, the 
concept of “dynamic polymer networks” was created1, according to which the networks can 
rearrange their structure due to the presence of linkages undergoing dissociative or associative 
exchange reactions under appropriate stimuli. 

In the present contribution, PLA-based poly(ester-urethane) networks with additional low 
molecular weight diols containing weak covalent bonds susceptible to thermal dissociation 
were obtained. Disulfide2 or tetraphenylethane3 groups were used as additional diols, able to 
reversible dissociation. Analogous networks without reversible bonds were synthesised for 
comparison. Thermal, mechanical and rheological properties of networks, with different 
reversible bond densities were studied together with their ability to be reprocessed. Samples 
containing dynamic bonds were suitable candidates for reprocessing with the 3D printing 
technique. 
 
1. C.J. Kloxin & C.N. Bowman. Covalent Adaptable Networks: Smart, Reconfigurable and 

Responsive Network Systems. Chem Soc Rev 2013, vol. 42, pp. 7161-7173. 
2. K. Borska, M. Bednarek, A. Pawlk. Reprocessable Polylactide-based Networks Containing 

Urethane and Disulfide Linkages. Eur Polym J 2021, vol. 156, pp. 110636. 
3. K. Borska, M. Bednarek, D. Gorgol, J. Osicka, M. Mrlik., Polylactide-based networks 

containing dynamic tetraphenylethane groups for 3D printed repairable and reprocessable 
constructs., React. Funct. Polym. 2023, vol. 191, pp. 105694. 

 
Acknowledgement: The study was performed within Grants NCN 2018/31/B/ST8/01969, DKRVO 
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CONNECTING MOLECULAR BEHAVIOR TO MACROSCOPIC 

PROPERTIES  
Abolfazl Heydaria*, Fereshteh Kazemi-Aghdama,b, Shima Kalantarifarda,Šimon Džatkoa, Juraj 
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(*abolfazl.heydari@savba.sk, igor.lacik@savba.sk) 
 

Dynamic hydrogels are an advanced class of biomaterials with broad applications in 
biomedical fields, including cell encapsulation, drug delivery, and tissue engineering. These 
hydrogels are distinguished by the incorporation of reversible bonds that can break and reform 
over experimental time scales, creating a dynamic network that closely mirrors the time-
dependent mechanical properties of the native extracellular matrix (ECM). This dynamic 
behavior provides an adaptable microenvironment that supports essential cellular processes. 
By replicating key mechanical behaviors of the ECM, such as stress relaxation and hysteresis 
in stress-strain responses, dynamic hydrogels offer a promising approach to achieving the 
mechanical adaptability required for biomimetic scaffolds. Consequently, dynamic hydrogels 
are poised to significantly advance the design of implantable hydrogels and biomimetic 
scaffolds that closely replicate the functional dynamics of native tissues. 

This study aims to establish methodologies for the tailored modification of sodium 
alginate, introducing functional motifs that facilitate the design of implantable hydrogels. We 
detail the synthesis and characterization of alginate derivatives, which incorporate both 
permanent charged groups for polyelectrolyte complexation and clickable moieties for the 
formation of dynamic covalent bonds. We demonstrate how these modified sodium alginate 
derivatives can enhance the performance of biomaterials, as exemplified by alginate-based 
microspheres designed for the immunoprotection of transplanted pancreatic islets in diabetes 
treatment, as well as injectable hydrogels tailored for cartilage tissue regeneration. The study 
emphasizes the relationship between molecular behavior and macroscopic properties in 
dynamic hydrogels, with the network-stabilizing reactions engineered to improve in vivo 
stability and biocompatibility. These modifications are also directed toward mimicking the 
dynamic ECM of native organs while providing environmental cues that support cellular 
function. 

Acknowledgment: This work was supported by VEGA 2/0121/23, APVV-22-0568, APVV-22-0565, 
and FLAG-ERA grant GRAPH-OCD, by the Slovak Academy of Sciences under the grant number 
FLAG ERA III/2023/808/GRAPH-OCD. 
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In the 1st part,1 an efficient atom transfer radical addition (ATRA) reaction is intended to 

acquire aliphatic polyesters in the form of atom transfer radical polyaddition (ATRPA). As 
shown in Fig. 1a, AB-type inimers were synthesized and studied to obtain high molecular 
weight (MW) aliphatic polyesters (Mw = 25550) through Cu-ATRPA. We then used an eco-
friendly iron catalyst to conduct Fe-ATRPA and a high-MW polyester was obtained (Mw > 
40000) and further combined with CuAAC click reaction to produce polymer brushes with 
different hydrophilic/hydrophobic ratios and further examined the amphiphilic properties. 
This combination method (ATRPA-Є-CuAAC) provides a novel strategy for the synthesis of 
functional aliphatic polyesters. 

Another old organic reaction, herein multicomponent reactions (MCRs), is extended to 
multicomponent polymerizations (MCPs). Passerini-type MCPs (P-MCPs) can be achieved 
using 2 difunctional monomers with 1 mono-functional monomer, such as A2∩B2∩C, 
A2∩B∩C2, and A∩B2∩C2. In the 2nd part,2 P-MCPs with various monomers were carried out 
and attained a variety of novel poly(carbamoyl ester)s (PCEs) as shown in Fig. 1b. We 
demonstrated an efficient, diverse, and facile approach through P-MCPs to render these novel 
PCEs with dual-cleavable linkages of ester and disulfide groups and an aggregation-induced 
emission (AIE) luminogen of tetraphenylethylene (TPE). We further introduced dynamic 
covalent bonds (DCBs) to prepare cleavable polymeric materials.  
 
1. (a) Lu, Y. C.; Chou, L. C.; Huang, C. F., Polym. Chem. 2019, 10, 3912; (b) Huang, Y.-S.; 

Chen, J.-K.; Chen, T.; Huang, C.-F., Polymers 2017, 9, 231; (c) Huang, C.-F.; Kuo, S.-W.; 
Moravčíková, D.; Liao, J.-C.; Han, Y.-M.; Lee, T.-H.; Wang, P.-H.; Lee, R.-H.; Tsiang, R. C.-
C.; Mosnáček, J., RSC Adv. 2016, 6, 51816; (d) Han, Y.-M.; Chen, H.-H.; Huang, C.-F., 
Polym. Chem. 2015, 6, 4565. 

2. (a) Nakamura, Y.; Huang, Y.-S.; Huang, C.-F.; Samitsu, S., Chem. Commun. 2024, 60, 5270; 
(b) Huang, Y. S.; Ejeta, D. D.; Kuo, S. W.; Nakamura, Y.; Huang, C. F., Polym. Chem. 2023, 
14, 4783; (c) Chou, L.-C.; Mohamed, M. G.; Kuo, S.-W.; Nakamura, Y.; Huang, C. F., Chem. 
Commun. 2022, 58, 12317. 

 

 
Fig. 1. Design and applications via (a) atom transfer radical polyaddition (ATRPA) and (b) Passerini-type 

MCPs.  
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Acrylic copolymers prepared by free radical solution polymerization or emulsion 
polymerization can be modified by partial replacement of traditional monomers such as 
methyl methacrylate and butyl acrylate by bio-synthetic monomers based on vegetable oils. 
These novel monomers are prepared by oxidation of methyl esters of unsaturated fatty acids 
and subsequent acrylation of oxirane rings. The monomers are typically mixtures of 
compounds with one, two and three acrylic groups created from oleic, linoleic and linolenic 
acids, respectively. The monomers from polyunsaturated acids significantly affects the 
molecular structure of final products. 

In case of emulsion copolymers, the bio-monomers from methyl esters of linoleic and 
linolenic acids partially crosslink the entire latex particles. The obtained latexes consist of 
soluble macromolecules and crosslinked particles (nanogels) that upon dissolution do not 
dissolve, but only swell.1,2 Due to the presence of ultra-high molar mass fractions and 
nanogels, the products cannot be characterized by size exclusion chromatography (SEC) as 
the ultra-high molar mass fractions are shear degraded and the nanogels can be completely 
absorbed by SEC columns. The only technique capable of characterization of molecular 
structure of such materials is asymmetric flow field flow fractionation (AF4) coupled with a 
multi-angle light scattering (MALS) detector and optionally also with an online viscometer 
(visco). The hyphenated AF4-MALS-visco technique provides detailed information about 
molar mass distribution, degree of branching, and content and compactness of nanogels. 

In contrast to emulsion polymers, solution acrylic copolymers modified by bio-monomers 
do not contain nanogels. The products are branched and branching degree increases with 
increasing concentration of bio-monomer and/or content of polyunsaturated fatty acids in the 
oils used for bio-monomer production. Due to significantly lower molar mass, the polymers 
can be characterized by SEC. 

The contribution will show several examples of application of AF4-MALS, AF4-MALS-
visco, and SEC-MALS-visco for the detailed characterization of molecular structure of 
emulsion and solution acrylic copolymers modified by acrylated methyl esters of various 
vegetable oils. 

1. M. Kolar, J. Machotova, M. Hajek, J. Honzicek, T. Hajek, and Stepan Podzimek 
“Application of Vegetable Oil-Based Monomers in the Synthesis of Acrylic Latexes via 
Emulsion Polymerization” Coatings, 13, 262 (2023). 

2. M. Kolar, J. Honzicek, S. Podzimek, P. Knotek, M. Hajek, L. Zarybnicka, and 
J. Machotova “Derivatives of linseed oil and camelina oil as monomers for emulsion 
polymerization”, J. Mater. Sci., 58, 15558 (2023). 

mailto:martin.kolar1@student.upce.cz
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A classical example of a charged two-phase system is a polyelectrolyte hydrogel in 

equilibrium with the surrounding supernatant solution. Other examples include solution of 
polyelectrolytes or proteins under dialysis, separated from the supernatant by a size-selective 
membrane. Mixing of oppositely charged polymers yields interpolyelectrolyte complexes, 
forming a polymer-rich phase in equilibrium with supernatant solution, which is almost free 
of polymer. 

In each of the above systems, charges on the polymers need to be compensated by 
counterions, causing that Donnan potential builds up on the interface. As a result of the 
Donnan equilibrium, small ionic solutes can partition unevenly between both phases. 
Specifically, the uneven partitioning of H+ ions causes that pH is different in each phase. 

In this lecture, we show how the Donnan potential determines the pH difference between 
the supernatant and polyelectrolyte solutions, hydrogels and brushes. In polyelectrolyte 
complexes, the Donnan potential is almost zero. However, monovalent ions partition evenly 
between the polyelectrolyte complex and supernatant, whereas divalent ions prefer the 
polymer-rich phase. Using both simulations and experiments, we explain how this uneven 
partitioning can be exploited for squestration of proteins or multiprotic weak acids. 
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Amphiphilic gradient copolymers based on poly(2-oxazolines) represent an exciting class 

of polymers that can be prepared with one-pot synthesis and exhibit self-assembly similar to 
their block analogues. Peptidomimetic structure of poly(2-oxazolines) makes it a promising 
candidate for biomedical applications. Herein, the digradient copolymers are prepared for the 
first time in the living cationic ring-opening copolymerization [1] of 2-ethyl-2-oxazoline and 2-
(4-butyloxyphenyl)-2-oxazoline using 1, 3-bis(tosyloxy)propane as a bifunctional initiator. 
The composition of the prepared copolymers was close to feeding ratios as determined from 
1H NMR spectroscopy. Molar masses determined by gel permeation chromatography range 
from 7,800 to 11,000 g mol-1, which corresponds to theoretical molar masses. Aggregation 
behaviour and interfacial properties are studied using dynamic light scattering and Langmuir-
Blodgett technique. Results support nanoparticle stability over a period of 60 days with a 
higher percentage of drug encapsulation, loading and sustained release. Such digradient 
copolymers are used for the encapsulation of rifampicin, which as an efficient antibiotic for 
the treatment of latent or active tuberculosis [2], leprosies, and staphylococcus or streptococcus 
infections, respectively. The docking simulation is carried out for the rifampicin inside the 
active site of RNA polymerase (PDB: 6N62) to explore the binding mode, probable 
conformation, and different types of interactions inside the pocket. 

1. C. Petit, B. Grassl, E. Mignard, K. P. Luef, F. Wiesbrock* and S. Reynaud* "Living 
cationic ring-opening polymerization of 2-ethyl-2-oxazoline following sustainable 
concepts: microwave-assisted and droplet-based millifluidic processes in an ionic liquid 
medium" Polym. Chem., vol. 8, pp. 5910-5917. 

2. Theresa Ryckman* and Nicole Salazar-Austin "High-dose rifampicin to treat tuberculosis 
infection: potential and pitfalls" Lancet Respir. Med. vol. 12, pp. 420-421. 

 

 
 
Figure: Schematic representation of rifampicin delivery throught 2-polyoxazoline based digradient copolymeric 
nanoparticles.  
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Poly(2-isopropenyl-2-oxazoline) (PIPOx), a biocompatible polymer1 to clean and 
orthogonal post-polymerization modifications, has recently emerged as a suitable candidate 
for the preparation of functional polymer brushes via surface-initiated reversible-deactivation 
radical polymerization (SI RDRP). However, the field currently lacks a universal SI RDRP 
method that would provide a straightforward control over the PIPOx brush thickness and be 
applicable to non-planar surfaces. Herein, we designed an aqueous, metallic copper-mediated 
RDRP (Cu(0)-RDRP) protocol for SI grafting of IPOx that manifests an excellent degree of 
temporal control over the PIPOx brush thickness up to more than 100 nm. The superior 
kinetic control was achieved through the use of an all-chlorine initiation/catalytic Cu(0)-
RDRP system and careful ligand selection, demonstrating a clear advantage over previous 
approaches based on brominated initiators.2 Additionally, we found that using neat water as a 
reaction medium for the Cu(0) catalyst generation in the standard disproportionation step 
significantly accelerates the brush growth. Importantly, a surface plasmon resonance analysis 
demonstrated for the first time the high resistance of PIPOx brushes against non-specific 
protein fouling, as documented by a significant (96 %) decrease in protein deposition from 
undiluted blood plasma and negligible adsorption from fetal bovine serum and other protein 
solutions. Finally, we showcased in model scenarios the versatility of the prepared well-
defined PIPOx brushes by modifying them with suitable functional carboxylic acids under 
mild conditions in order to subsequently synthesize graft copolymer brushes or trigger a 
CuAAC click reaction. Our results highlight PIPOx brushes as an attractive platform for the 
fabrication of low-fouling, multifunctional surfaces.  

1. Z. Kronekova, M. Mikulec, N. Petrencikova, E. Paulovicova, L. Paulovicova, V. 
Jancinova, R. Nosal, P.S. Reddy, G.D. Shimoga, D. Chorvat, Jr., J. Kronek “Ex Vivo and 
In Vitro Studies on the Cytotoxicity and Immunomodulative Properties of Poly(2-
isopropenyl-2-oxazoline) as a New Type of Biomedical Polymer” Macromol. Biosci., 16 
(2016) 1200-1211. 

2. V. Raus, A. Hološ, J. Kronek, J. Mosnáček „Well-Defined Linear and Grafted Poly(2-
isopropenyl-2-oxazoline)s Prepared via Copper-Mediated Reversible-Deactivation 
Radical Polymerization Methods“ Macromolecules, 53 (2020) 2077-2087. 
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The performance of biomaterials and biomedical devices in living systems is adversely 

affected by nonspecific adsorption of proteins, which additionally triggers an immune 
response. This undesired phenomenon can be suppressed by coating the surfaces of 
biomaterials with hydrophilic biocompatible polymer chains. Interactions of grafted polymer 
layers with proteins represent a complex problem composed of a large number of factors with 
mutual interplay between some of them. These interactions are often studied using atomic 
force microscopy or surface force apparatus, but these do not mimic conditions in living 
systems. Therefore, comparing the setup in which the protein is pushed against the grafted 
polymer layer with the setup in which the free protein interacts with the polymer layer would 
reveal whether equivalent conclusions can be drawn for the two systems. Understanding these 
setups requires an atomistic approach.1 Molecular dynamics simulations have proven to be a 
suitable tool to study and compare a system where the protein is pushed against the polymer 
layer by an external force with a system where the free protein interacts with the polymer 
layer. The effect of the grafting density of poly(ethylene oxide) (PEO) chains on the 
interactions between PEO and protein in both setups was investigated. Stabilization and 
destabilization of the secondary structure elements of the protein during its interactions with 
the PEO layer were also studied. This is important for predicting the potential denaturation of 
the protein adsorbed on the PEO-coated biomaterial surface. It turns out that the experimental 
techniques based on pushing a protein against a grafted polymer layer do not necessarily 
provide results equivalent to conditions in living systems.  
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Despite the availability of insulins and increasingly accurate technical means for 

measuring sugar levels and insulin dosing, there is a high population of diabetic patients who 
cannot properly control their sugar levels.1 In such cases, transplantation of functional 
pancreatic islets may be recommended, resulting in physiological control of blood sugar 
levels.2 In the case of islets from a foreign donor, it is necessary to use immunosuppressants 
to protect the islets from the body's immune reaction. 

Encapsulation of islets in a semipermeable polymer membrane provides a solution for 
islet transplantation without immunosuppressants. This membrane ensures the protection of 
transplanted islets from the immune system and, at the same time, allows the passage of 
glucose, insulin, oxygen, nutrients and metabolites.3 Our long-term goal is to develop 
hydrogel alginate-based microspheres with suitable physico-chemical and biological 
properties that are suitable for testing in various animal models.4  

This contribution will present the results obtained during the last years within the 
international and national cooperation on this topic. The work has been focused on alginate 
microbeads stabilized by divalent cations and on multicomponent microcapsules stabilized by 
polyelectrolyte complexation. The results on interplay between polymer selection, 
encapsulation process, microcapsule properties before and after transplantation, and in vivo 
data in immunocompetent mice and primates led to a better recognition of factors important 
for survival of encapsulated islet and for biocompatibility of microspheres.  

1. E. Latres et al, Navigating Two Roads to Glucose Normalization in Diabetes: Automated 
Insulin Delivery Devices and Cell Therapy, Cell Metab, vol. 29, pp. 545-556, 2019. 

2. B. Marfill-Garza et al., Pancreatic islet transplantation in Type 1 Diabetes: 20-year 
Experience from a Single-Centre Cohort in Canada, Lancet Diabetes Endocrinol, vol. 10, 
pp.519-532, 2022 

3. S. Kioulaphides and A. Garcia, Encapsulation and Immune Protection for Type 1 Diabetes 
Cell Therapy, Adv Drug Deliv Rev, vol. 207, p. 115205, 2024 

4. F. Dorchei et al. Postmodification with Polycations Enhances Key Properties of Alginate-
Based Multicomponent Microcapsules, Biomaterials, vol. 25, pp. 4118−4138, 2024  
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Photoacoustic (PA) imaging detects an acoustic signal induced by light. This unique 
method provides simultaneously ultrasound anatomical information with high resolution 
along with a functional photoacoustic signal, which is created by transformation of a laser 
pulse to mechanical wave by some light absorbing chromophore. PA imaging shows great 
potential for various clinical procedures from diagnosis to therapy guidance, which arises 
from its ability to gather functional and molecular information in real-time regime with a high 
spatial resolution at clinically relevant depths together with the absence of ionizing beaming.  

To maximize the contrast effect of the exogenous contrast agents (CA) in the living 
organism, the optical absorption of the CA should be optimally in the near-infrared (NIR) 
regions ~700 - 1100 nm and 1200 - 2000. We developed new heterogenous syntheses of 
polypyrrole (PPY) particles with PA contrast properties in NIR, which allow good control of 
size (10 nm step within the range 80-300 nm). Besides widely used linear water-soluble 
polymer stabilizers of the dispersion polymerizations, classical emulsifiers were also 
successfully employed in their synthesis, what broadens possibilities to employ less 
hydrophilic comonomers in the aqueous polymerization. Particles as CA for the PA were 
tested in vitro and in vivo. 
 

 
 
 

 

 

 
 
 
 

Figure: Transmission electron micrograph of polypyrrole contrast particles prepared for photoacoustic imaging. 
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The development of poly(2-ethyl-2-oxazoline)-stabilized, nanoparticle based carrier 

systems for biomedical applications has gained increased interest due to the systems non-
toxicity and biocompatibility1. In our present work, we have sucessfully synthesized solid 
lipid particles (SLPs) based on a cholesterol/tetradecanol core that carries water-soluble 
amphiphilic poly(2-oxazoline)-ligand conjugates with a hydrophobic end group (Scheme 1). 
This end group of poly(2oxazoline) is temporarily hidden by the biodegradable core of the 
SLPs, enabling the ligand to actively target cell membrane receptors. After administration, the 
particle core is metabolized, causing the release of the hydrophobic unit and enabling its non-
specific binding to cell membranes. By establishing a synergistic interplay of non-specific and 
specific binding, this strategy enhances the ligand's targeting efficiency. 

1. A.L. Onugwu, A.A. Attama, P.O. Nnamani, S.O. Onugwu, E.B. Onuigbo, and V.V. 
Khutoryanskiy, Development and optimization of solid lipid nanoparticles coated with 
chitosan and poly (2-ethyl-2-oxazoline) for ocular drug delivery of ciprofloxacin. J. Drug 
Deliv. Technol., 2022, 74, 103527.  

 

Scheme 1: Development of biodegradable solid lipid particle based nanocarrier.  
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Osteoarthritis is a common joint disease that can lead to disability in older populations. 

Much effort and research are put into finding an effective and widely available ways of 
treating this disease.1 Molecular brushes with proper chemical composition can possess 
lubrication properties demanded in osteoarthritis treatment and can be used separately or as a 
part of more complicated healing systems, i.e. injectable gels.2 Injectable gels can be 
generated in situ by using chemically and/or physically crosslinking gels. Thus, they can be 
delivered into the body or a targeted site of a tissue through a syringe that can significantly 
reduce patients’ discomfort and decrease healing time. 

In presented research polymer gels were made of molecular brushes and polymer 
nanoparticles with compatible functional groups. Preparation of polymer gels involved: 
1) synthesis of the backbone of molecular brushes via atom transfer radical polymerization 
(ATRP); 2) polymerization of poly(oligo(ethylene glycol) methyl ether methacrylate) 
(POEGMA, MW 300) and 2-hydroxyethyl methacrylate (HEMA) side chains with different 
degrees of polymerization using “grafting from” approach and ATRP; 3) modification of 
HEMA units with acryloyl chloride to introduce unsaturated bonds into structure of side 
chains; 4) crosslinking of molecular brushes with thiol-functionalized nanoparticles (PLA-
PEG-SH) via Michael addition by mixing of both components in water. According to DLS 
measurements it was found that crosslinking occurred fast after mixing. Moreover, due to low 
concentration of molecular brushes solutions and nanoparticles dispersions, viscosity of final 
polymer gel was low which is desired property for injectable gels. However, further research 
is necessary to optimize key factors affecting crosslinking process and to investigate 
lubrication properties. 

1. M. Rahimi, G. Charmi, K. Matyjaszewski et al. “Recent developments in natural and 
synthetic polymeric drug delivery systems used for the treatment of osteoarthritis” Acta 
Biomater., 2021, vol. 123, pp. 31–50. 

2. G. Xie, M. Martinez, M. Olszewski et al. “Molecular Bottlebrushes as Novel Materials” 
Biomacromolecules, 2019, vol. 20, pp. 27-54. 
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Antibody-mediated targeting is an efficient strategy to enhance the specificity and 
selectivity of polymer nanomedicines towards the target site, typically a tumor. However, 
direct covalent coupling of an antibody with a polymer usually results in a partial damage of 
the antibody binding site accompanied with a compromised biological activity. Here, an 
original solution based on well-defined non-covalent interactions between tris-nitrilotriacetic 
acid (trisNTA) and hexahistidine (His-tag) groups, purposefully introduced to the structure of 
each macromolecule, is described. Specifically, trisNTA groups were attached along the 
chains of a hydrophilic statistical copolymer based on N-(2-hydroxypropyl)methacrylamide 
(HPMA), and at the end or along the chains of thermo-responsive di-block copolymers based 
on N-isopropylmethacrylamide (NIPMAM) and HPMA; His-tag was incorporated to the 
structure of a recombinant single chain fragment of an anti-GD2 monoclonal antibody (scFv-
GD2). Static and dynamic light scattering analyses confirmed that mixing of polymer with 
scFv-GD2 led to the formation of polymer/scFv-GD2 complexes; those prepared from 
thermo-responsive polymers formed stable micelles at 37 °C. Flow cytometry and 
fluorescence microscopy clearly demonstrated anti-gen-specific binding of the prepared 
complexes to GD2 positive murine T-cell lymphoma cells EL-4 and human neuroblastoma 
cells UKF-NB3, while no interaction with GD2 negative murine fibroblast cells NIH-3T3 was 
observed. These non-covalent polymer protein complexes represent a new generation of 
highly specific actively targeted polymer therapeutics or diagnostics1.  

1. M. Pechar, V. Král et al. "Tumor-specific targeting of polymer drug delivery systems with 
recombinant proteins bound via tris(nitrilotriacetic acid)" Int. J. Pharm. 648, 123619 
(2023). 
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Memristor represents a fourth fundamental passive electronic component with resistance 
dependent on charge passing though it previously. We document such functionality on two 
polymer systems: 

(i) Carbazole-linked bis-terpyridyl ligand was synthesized and complexed with different 
metal ions, forming a metallo-supramolecular polymers (SPM). In the two terminal memristor 
device arrangement and with the ligand only, a non-volatile bistable memory behaviour was 
observed, with ON/OF ratio over 100, and the data retention time of 18 h, which makes the 
compound applicable in organic non-volatile memory devices. When complexed with Co(II) 
ions, a synaptic plasticity was documented by more than 400 reproducible potentiation and 
depression cycles. The combined electronic and ionic conductivity of the SPM together with 
the redox activity of the ligand and of the Co(II) complex play a role in continuous resistance 
changes of the active layer, which are responsible for its behavior simulating the synaptic 
plasticity. 

(ii) Poly(methacrylamide) derivative with carbazole charge transporting group separated 
from the polymer backbone by an alkyl chain exhibit rewritable flash memory behavior with 
bistable conductivity. Depending on the layer thickness, electrode material and applied 
voltage range the electrical characteristics can change from bistable to analog behavior 
showing memristive properties. The main physical mechanisms driving the resistive 
switching have been attributed to the electric field induced reorientation of heterocycles and 
trapping/detrapping of charges. Memory persistence is strengthened by the physical 
crosslinking caused by hydrogen bonds between amide and carbonyl groups in the side 
chains.  

The results show that the memristors with the active layer made of both polymers can 
learn and memorize like biological neurons and can be utilized in brain-inspired 
neuromorphic computing. 

 
Figure 1. A sandwich structure formed by an active layer containing curly chains of [CoU]n metallo-supra-
molecular polymer exhibits memristive electrical properties that can mimic neurosynaptic plasticity. 
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Ever since Kelvin has conjectured that atoms are composed of knots in the ether, these 
peculiar objects have stimulated the imagination of mathematicians and natural scientists 
alike. In recent years the field went through a renaissance and progressed considerably, 
spurred by the discovery of knotted DNA and proteins. Interestingly, our intuitive 
understanding of knots at the macroscopic level often applies to objects at the nanometer scale 
as well. 

After providing a general introduction to the topological classification of knots, I will 
discuss their occurrence in computer simulations of coarse-grained polymers. Amongst others 
this allows us to test from a topological point of view a long-standing paradigm of polymer 
physics, namely that chains in a polymer melt are well-represented by random walks1. Coarse-
grained polymer models can also be parametrized to capture topology in dsDNA2 and serve as 
a basis for modelling biological processes such as loop extrusion on experimentally relevant 
time and length scales. 

From an evolutionary point of view protein knots occur in all kingdoms of life and 
topology is typically preserved amongst homologs. Nowadays, knotted protein structures can 
even be created artificially in the context protein engineering. While knots in globular 
homopolymers are abundant, protein knots are rare and occur in less than one percent of all 
known structures. In this context, I will report on very recent developments facilitated by the 
artificial intelligence system AlphaFold, which has predicted millions of previously unknown 
three-dimensional protein structures. We have discovered in this data several novel knotted 
folds3 including a composite knot consisting of two methyltransferases. In the meantime, this 
fold has been confirmed experimentally, serving as an impressive validation for the prowess 
of AlphaFold. 

1. H. Meyer, E. Horwarth, P. Virnau „Mapping onto ideal chains overestimates self-
entanglements in polymer melts“ ACS Macro Lett., vol. 7, pp. 757-761 (2018). 

2. S. Wettermann, R. Datta, P. Virnau „Influence of ionic conditions on a coarse-grained 
model of DNA“ Front. Chem., vol 10, 1096014 (2023). 

3. M. Brems, R. Runkel, T. Yeates, P. Virnau „AlphaFold predicts the most complex protein 
knot and composite protein knots“ Prot. Sci., vol. 31, 4380 (2022). 
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In this contribution, we report on our findings regarding the chiral behavior of knotted 
polymers. Knots in polymers occur naturally as self-entanglements of polymer chains and are 
typically characterized by their crossing number. As the crossing number increases, different 
knot types with the same crossing number but distinct topologies can arise. The complexity of 
knotting tends to increase with polymer length or concentration. 

Previous studies have shown that while the crossing number of knots increases, this often 
reflects the emergence of multiple simpler, trivial knots rather than the formation of a single, 
complex knot with many crossings. When more than one trivial knot exists on a single chain, 
a composite knot is formed. Composite knots are the most common knot type in long 
polymers and biological systems. It has been demonstrated that in composite knots, the 
component trivial knots can pass through each other, forming meta-stable states with 
intertwined conformations where one knot is nested inside another [1]. 

Subsequent research has revealed that the stability of these nested states is influenced by 
the mutual chirality of the knots [2, 3]. In our current work, we investigate the effects of 
confinement on composite knots and whether confinement promotes the persistence of trivial 
knots in either a nested or separated state. Our interest was sparked by previous findings that 
chiral confinements induce symmetry breaking, which can be exploited for knot separation in 
chiral membranes [4], knot detection in chiral pores [4], production of knots with chosen 
chirality in chiral pores [5], and the induction of knot chirality by the geometry of knot 
factories [6]. 

1. Trefz, B., Siebert, J., Virnau, P. „How molecular knots can pass through each other“ Proc. 
Natl. Acad. Sci. 111, 7948-7951 (2014). 

2. Najafi, S., Podgornik, R., Potestio, R., Tubiana, L. „Role of Bending Energy and Knot 
Chirality in Knot Distribution and Their Effective Interaction along Stretched Semiflexible 
Polymers“ Polymers 8, 347 (2016).  

3. Najafi, S, Tubiana, L, Podgornik, R., Potestio, R. „Chirality modifies the interaction 
between knots“, Eur. Phys. Lett. 114, 50007 (2016). 

4. Rusková R, Račko D. „Channels with Helical Modulation Display Stereospecific 
Sensitivity for Chiral Superstructures. Polymers“ Polymers 13, 3726 (2021). 

5. Rusková R, Račko D. „Knot Factories with Helical Geometry Enhance Knotting and 
Induce Handedness to Knots“ Polymers 14, 4201 (2022). 

6. Rusková R, Račko D. „Knot Formation on DNA Pushed Inside Chiral Nanochannels“ 
Polymers 15, 4185 (2023). 
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DNA is the most important biopolymer, without which there would be no life. 

Understanding its complex topological features could lead us to better understanding of the 
biological processes occurring in cells. Since the DNA molecule has very high length to 
diameter ratio [1], it can become entangled due to conformational moves or activity of 
enzymes. However, experiments through Hi-C contact maps proved that DNA is mostly 
without entanglements [2], which could inhibit biological processes or even break the DNA. 
It was found out that enzymes called topoisomerases constantly unknot the DNA [3], although 
if they would work randomly, the DNA would become even more entangled. The unknotting 
mechanism is currently under a debate and a novel method could shed more light in this 
matter. This study in collaboration with the University of Sheffield explores the possibility to 
detect under and over crossings in catenanes via atomic force microscopy (AFM). DNA 
catenanes (entangled rings) can be often found in bacteria, for example recombination of 
E.Coli produces right-handed 4-node catenane used in this study. Here, coarse-grained 
simulations were used as a background for experiments for their better understanding [4]. 

1. A.D. Bates and A. Maxwell, DNA topology. IRL Press 1993 
2. D. Goundaroulis, E.L. Aiden, and A. Stasiak „Chromatin Is Frequently Unknotted at the 

Megabase Scale“ Biophysical Journal, 2020, vol.118(9), p. 2268-2279. 
3. L.F. Liu, C.C. Liu, and B.M. Alberts „Type II DNA topoisomerases: enzymes that can 

unknot a topologically knotted DNA molecule via a reversible double-strand break“ 
Cell,1980,vol.19(3), p.697-707. 

4. M.C. Gamill, et al. „Under or Over? Tracing Complex DNA Topologies with High 
Resolution Atomic Force Microscopy“ bioRxiv, 2024, p.2024.06.28.601212. 

 

Acknowledgment: This research was funded by the Grant Agency of the Ministry of Education, 
Science, Research and Sport of the Slovak Republic, Grant VEGA 2/0038/24. Support from SRDA 
APVV 21 0346 is also acknowledged. We acknowledge computational resources from the National 
competence centre for high performance computing (311070AKF2) funded by the European Regional 
Development Fund, EU. 
 

  

  



 

 

28 

 

L-27: BORROMEAN RINGS IN PROTEINS 
Pawel Dabrowski-Tumanski 

Cardinal Wyszynski University in Warsaw, Wóycickiego 1/3, 01-938 Warsaw, Polan; 
(p.dabrowski-tumanski@uksw.edu.pl) 

 
The mathematical loops can be arranged in various ways. In particular, they can pierce 

each other - the phenomenon well described by the Gauss Linking Number (GLN). Yet, in 
everyday life, these are the open polymers, which can get mutually entangled. Still, using its 
analytical expression, the Gauss Linking Number can be extended to the case of open 
polymers, measuring the mutual winding of two chains1. Although this allows to characterize 
each pair of chains, yet there can be some three-chain non-trivial arrangements, which cannot 
be discriminated by GLN. In particular, the Borromean rings are a mathematical construct 
composed of three loops, which cannot be disjoined, although each pair could be separated 
(Fig. 1). To characterize such kind of topology, Milnor introduced an invariant (called Milnor 
Invariant2), which, along with pairwise GLN fully characterize the topology of three loops. 
Yet the invariant is usually defined algebraically, therefore having a limited value to actual 
polymers.  

In this work the analytical formula for the Milnor Invariant, relying only on the polymer 
beeds coordinates is derived, opening the way to calculate it for both open or closed loops. 
The formula is implemented in an open-source software, which is then used to characterize 
the Borromean rings topology for each triple of protein chains in PDB.  
 

1. W. Niemyska, K.C. Millett and J.I. Sulkowska „GLN: a method to reveal unique properties 
of lasso type topology in proteins” Sci. rep., vol 10, pp. 15186.  

2. J. Milnor "Isotopy of links”, Algebraic geometry and topology Princeton University Press 
1957. 

Figure 1 The example of Borromean rings. Each pair of loops is unlinked, yet the whole structure cannot be 
separated. 
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Polymers are often found in spaces much smaller than their natural size. An entrapment 
of polymers inside closed cavities of the spherical or comparable native shapes gives rise to 
quite strong confinement effects. The polymers in nano/microscale compartments are widely 
encountered in the biological milieu, for example, in sub-cellular structures or protein capsids. 
The confinement effects are common in biomimetic cavities produced by encapsulation of 
polymers such as enzymes, or polymer-drug conjugates into a shell. 

We present results of simulations of flexible polymers in a sphere that show a steady 
reduction of the chain dimension with concentration. The 3D confinement leads to a 40 % 
shrinking of the chain size at the overlap concentration φ*. The chain squeezing is intensified 
by the polymer depletion inside a sphere evaluated by a novel formula. The depletion induces 
the accumulation of polymers in the cavity center. Because this effect is ignored in the scaling 
theory, its predictions are not fully consistent with the simulation results. We provide the 
validation arguments that the shrinking of coils packed at the threshold φ* in bulk solution is 
comparable to the squeezing of polymers in a cavity. The size contraction by about 10 % at 
φ* in ring polymers in bulk lies midway between those for the linear polymers in bulk and 
confined polymers, in harmony with the free-energy penalty for penetration of surrounding 
restraints. For semiflexible macromolecules the situation is more complex because winding of 
the chain below the cavity wall has an additional opposite effect to the depletion.  

 

Fig. Comparison of shrinking coil size with concentration/confinement in bulk solution and in the cavity. P. 
Cifra, T. Bleha, Macromolecules, 57, 7, 3234–3241, 2024 
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Motivated by the heterogeneous (e.g. transcriptional) activity of chromatin fiber, I will 
discuss how the non-equilibrium conditions affect dynamics of polymers, made active by 
heterogeneous fluctuations.  

I will show that the active polymer in a melt exhibits a persistence in motion on the chain 
scale and that this can arise spontaneously from isotropic but heterogeneous thermal-like 
fluctuations due to the presence of the topological constraints. Using scaling arguments 
supported by simulations we uncover that the topological restriction of the transversal 
relaxation modes results in an imbalance of internal chain tension of entropic origin, which 
generates the directional dynamics. I will briefly mention possible implications for the 
dynamics of highly transcribed genes, material science and a possible experimental model on 
micron scale. 
 

1. A. H. T. P. Höfler, I. Chubak, C. N. Likos and J. Smrek "Entropic tug of war: Topological 
constraints spontaneously rectify the dynamics of a polymer with heterogeneous 
fluctuations." In preparation. (2024) 

2. J. Smrek, I. Chubak, C.N. Likos and K. Kremer, “Active Topological Glass." Nat. 
Commun. vol. 11, pp. 26. (2020) 

 
Acknowledgment: I would like to dedicate this work to Peter Cifra for introducing me to polymer 
physics about 20 years ago. Thank you! 
  



 

 

31 

 

L-30: CHAPTERS IN GREEN CHEMISTRY 
Stanislav Kukla 

Merck Life Science spol. s.r.o. Na Hřebenech II 1718/10, 140 00 Praha, Czech Republic  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

 

32 

 

L-31: ANTIBACTERIAL ACTIVITY OF 3D PRINTED 
THERMOPLASTIC ELASTOMERS FOR BIOMEDICAL 

APPLICATIONS 
Zdenko Špitalskýa, Mohamed Shaalan,a,b, Anna Vykydalováa, Helena Švajdlenkováa, Zuzana 

Kronekováa, Mária Kováčováa 

aPolymer Institute, Slovak Academy of Sciences, Dúbravská Cesta 9, 845 41, Bratislava, 
Slovakia; (zdeno.spitalsky@savba.sk) 

bDepartment of Pathology, Faculty of Veterinary Medicine, Cairo University, Giza, 12211, 
Egypt  

 
3D printing provides a lot of varieties for the manufacturing of personalized biomedical 

devices. Incorporation of the nanoparticles with potential antibacterial activity to the printed 
materials is another added value. One example of such nanoparticles are hydrophobic carbon 
quantum dots (hCQDs), which are zero-dimensional redox-active materials with high 
chemical stability and low production costs. They produce singlet oxygen only when 
activated by a specific wavelength of visible blue light which allows for controlled 
antibacterial action and minimizes the chances of bacterial resistance emergence. We 
prepared and characterized polymer composites based on thermoplastic elastomers (TPE) 
doped with hCQDs (TPE/hCQDs). The composites were 3D printed using FDM method. In 
the first set of samples, a filament of pure TPE was immersed in a solution of hCQDs, then 
3D printed, and compared with unmodified TPE filament. The mechanical properties, 
swelling behavior, hardness, and thermal stability of TPE/hCQDs were compared with the 
pure TPE printed samples. The production of singlet oxygen was confirmed by the electron 
paramagnetic resonance method. The antibacterial activity of the samples was tested 
according to ISO 22196 against Staphylococcus aureus and Escherichia coli after one hour of 
exposure to blue light, which completely inhibited bacterial growth. Besides, the cytotoxicity 
of samples was evaluated by MTT assay, and no significant effect of the materials on cell 
viability was observed. 3D printed materials with antibacterial activity represent a perspective 
for the future, especially in the field of personalized medicine, as well as in products for other 
industries. 

1. M. Shaalan et al. "Antibacterial activity of 3D printed thermoplastic elastomers doped with 
carbon quantum dots for biomedical applications" Polym. Bull., 2024. 
https://doi.org/10.1007/s00289-024-05339-1 

 
Acknowledgment: The authors are grateful for the financial support of Grant VEGA 2/0056/24 from 
The Ministry of Education, Science, Research and Sport of the Slovak Republic and to the SRDA 
agency for financial support APVV-23-0325. This project has received funding from the Horizon 
Europe Framework Programme (grant agreement number 101058554), from the Swiss State 
Secretariat for Education, Research and Innovation (SERI), and from the UK Research and 
Innovation (UKRI) (Grant Nos. 10042534 and 10055606) as part of the Horizon Europe [HORIZON-
CL4-2021-RESILIENCE-01].) 
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The fact that heat is generated in viscoelastic materials such as rubber by the gradual 

dissipation of energy under cyclic loading is well known as self-heating. In addition, rubber 
components are reinforced with various types of fillers, the most commonly used of which are 
carbon black (CB), which significantly affect the viscoelastic properties and therefore the heat 
development. It must also be taken into account, that in real applications the rubber is exposed 
to different ambient temperature conditions. In addition, fatigue degradation of the rubber 
matrix occurs under cyclic loading. The temperature effect, whether by ambient or self-
heating or a combination of both, causes thermal expansion and directly affects the 
dimensional stability of the rubber component, which can affect both the accuracy and 
functionality of the application and, in particular, the life of the rubber product. The 
coefficient of thermal expansion (CTE) is then a physical parameter used to determine the rate 
of expansion of the material as a function of temperature and describes the key properties of 
the rubber in this respect. The CTE then determines whether damage to the rubber can occur 
due to thermal stress. Therefore, knowledge of the CTE is a prerequisite for selecting the right 
material for individual applications and thus ensuring its faultless functionality. 

This work is the first to investigate the effect of different types and amounts of CB in 
styrene-butadiene rubber (SBR) on CTE as a function of cyclic loading. Considering the 
necessity of high accuracy of CTE determination to capture the effect of bond breaking in the 
filler-filler interaction, a completely new unique measurement methodology was developed as 
well as an experimental device was exclusively designed for the determination of CTE in 
rubber. Both the methodology and the testing device will be presented for the first time and 
the principle discussed in detail in the context of this study. As conclusion, the dependence of 
CTE on the type and amount of CB will first be discussed, with the most significant part of 
the final discussion being the presentation of the relationship of cyclic loading in the Payne 
effect region to CTE. The resulting relationships and values thus form a unique set describing 
the thermal properties of SBR reinforced with different type of CB in relation to the applied 
cyclic loading. 

Acknowledgment: This work was supported by the Ministry of Education, Youth and Sports of the 
Czech Republic—DKRVO (RP_CPS_2024_28_006). 
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Highly amorphous vinyl alcohol (HAVOH) is relatively new matrix, with low oxygen 

permeability, excellent water solubility, ease of melt processing etc. [1]. MXenes are also 
relatively novel family of 2D (two-dimensional) nanoparticles [2]. They possess high 
electrical conductivity, hydrophilicity, high oxidation stability etc.  

Here is reported preparation and characterization of novel HAVOH/SWCNTs (single-
walled carbon nanotubes), HAVOH/MXenes, HAVOH/SWCNTs/MXenes polymeric 
nanocomposites. Composites were prepared using solvent casting method. Electrical 
properties study revealed increase of conductivity with increase of nanofillers load. Highest 
conductivity, 7.9 × 10-5 S/cm, was obtained for HAVOH/3.0 wt. % SWCNTs/2.0 wt. % 
MXenes. Structure study showed homogenous dispersion of the fillers within the. TGA 
results confirmed, that addition of carbon nanotubes and MXenes slightly improves thermal 
stability of the HAVOH polymer. Study of EMI-shielding properties revealed that composite 
sample with equally 3.0 wt. % of MXenes and SWCNTs shows great shielding properties, 
55 dB, what is more than 100 times higher than for neat polymer. These nanocomposites can 
be used for future preparation of the materials with many potential applications, including for 
EMI-shielding purposes. 

1. K. Z.Donato, M. Lavorgna, R. K. Donato, M.G. Raucci, G.G. Buonocore, L. Ambrosio, H.S. 
Schrekker, R.S. Mauler. "High amorphous vinyl alcohol-silica bionanocomposites: Tuning 
interface interactions with ionic liquids", ACS Sustainable Chem. Eng. 2017, vol. 5, pp. 1094-
1105. 

2. M.Naguib, Presser V., Lane N., Tallman D., Gogotsi Y., Lu J., Hultman L., and Barsoum M. 
W. "Synthesis of a new nanocrystalline titanium aluminum fluoride phase by reaction of 
Ti2AlC with hydrofluoric acid", RSC Advances, 2011, vol. 1, no. 8, pp. 1493-1499.  

 

Acknowledgment: This work was supported by the V4-Japan 2021 Joint Call on Advanced 
Materials under registration number V4-Japan/JRP/2021/96/BLACKSENS and by agency VEGA 
2/0006/22 (Slovakia). 
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The microbial contamination of the environment in which we are present, as well as the 

materials and devices with which we are constantly in touch, is currently a major problem due 
to the spread of an enormous number of diseases. Therefore, great efforts are being made to 
develop novel materials and methods for the prevention and treatment of diseases caused by 
microorganisms, and to disinfect surfaces and medical devices. Specifically, there is a global 
need for self-disinfecting plastics in various forms and areas. This research is focused on the 
preparation of antimicrobial polymer coatings doped with hydrophobic carbon quantum dots 
(hCQDs). The effectiveness of this material can be easily controlled using ordinary blue 
LEDs. Light-activated coatings generate reactive oxygen species (ROS) responsible for 
microbial eradication. Very important advantage of this approach is that bacteria cannot 
develop resistance to ROS. Treatment time is too short for bacteria to develop resistance. 
Furthermore, unlike conventional antibiotics, the oxygen radicals do not target a single site in 
the bacteria. ROS, such as singlet oxygen, superoxide, hydroxyl radical, produced by a 
hCQDs upon light irradiation attack various microbial cellular structures and metabolic 
pathways.  

These nanoparticles are soluble in various organic solvents, and can therefore be easily 
mixed with a wide range of commercially-available polymer coatings, paints, etc. They have a 
high photostability, and are cost- and time-effective. Moreover, hCQDs have a low or no 
cytotoxicity, and are environmentally friendly. One of the decisive methods in terms of real 
use of the material is eco-toxicity study. It was performed using model organism – terrestrial 
isopod Porcellio scaber. For antibacterial testing, two bacteria were selected: Escherichia 
coli, and Staphylococcus aureus. Prepared material was also tested using several chemical-
physical methods. Polymer coatings with hCQDs are the ideal material for many applications 
that require sterile surfaces, and can be used on almost any surface. 

Acknowledgment: This project has received funding from the Horizon Europe Framework 
Programme (grant agreement number 101058554), from the Swiss State Secretariat for Education, 
Research and Innovation (SERI), and from the UK Research and Innovation (UKRI) (grant number 
10042534 & grant number 10055606) as part of the Horizon Europe [HORIZON-CL4-2021-
RESILIENCE-01]. The authors M.K. and Z.Š. are grateful to SRDA agency for financial support 
APVV-23-0325.   
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Self-assembly of molecules into complex supramolecular units with qualitatively new 

properties is in the chemical foundations of life and is the essence of the ability of living 
organisms to react to the external environment. A specific case occurs when the hydrophobic 
part of the molecule, or the part of the molecule responsible for self-assembly significantly 
changes its physico-chemical properties, such as solubility in water, by the action of an 
external stimulus (changing temperature, pH, etc.). Then the self-assembly of such a system is 
controlled by such external stimulus and we are talking about systems sensitive to external 
stimuli. Several such systems designed for biomedical applications (more specifically, 
polymer theranostics1-3 and electrochemical polymer sensors4 of pathophysiological 
conditions) will be presented in the lecture. 
 

1. L. Loukotová, J. Kučka, M. Rabyk, A.Höcherl, K. Venclíková, O. Janoušková, P. Páral, V. 
Kolářová, T. Heizer, L. Šefc, P. Štěpánek and M. Hrubý „Thermoresponsive b-glucan-
based polymers for bimodal immunoradiotherapy - Are they able to promote the immune 
system? J. Controlled Release, vol. 268, 2017, pp. 78-91. 

2. K. Kolouchová, O. Groborz, Z. Černochová, A. Skarková, J. Brábek, D. Rosel, P. Švec, Z. 
Starčuk, M. Šlouf and M. Hrubý „Thermo- and ROS-Responsive Self-Assembled Polymer 
Nanoparticle Tracers for 19F MRI Theranostics“ Biomacromolecules, vol. 22, 2021, pp. 
2325−2337.  

3. S. Hoang, M. Vandamme, G. Pinna, F. Miserque, J. Kučka, L. Šefc, P. Štěpánek, E. Doris, 
M. Hrubý and E. Gravel „Phototriggered Cytotoxicity of Ferrocene-Based Micelles – A 
Nonconventional Approach to Phototherapy“ ACS Appl. Mater. Interfaces vol. 16, 2024, 
pp. 5666–5676 

4. T. Urbánek, I. Ivanko, J. Svoboda, E. Tomšík and M. Hrubý „Selective potentiometric 
detection of reactive oxygen species (ROS) in biologically relevant concentrations by a 
modified metalized polyporphyrine sensing layer coated with nonbiofouling poly (2-alkyl-
2oxazoline)s“ Sensors & Actuators B. Chem., vol. 363, 2022, Article # 131827, pp. 1-12. 

 
Acknowledgment: We acknowledge the financial support from the Ministry of Education, Youth and 
Sports of the Czech Republic (grants # LM2023053 and LUAUS24272), Czech Health Research 
Council (grant # NW24-03-00387) and Czech Science Foundation (grant # 24-10814S). The study was 
co-funded by project New Technologies for Translational Research in Pharmaceutical 
Sciences/NETPHARM, project ID CZ.02.01.01/00/22_008/0004607, co-funded by the European 
Union. 
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Poly(2-isopropenyl-2-oxazoline) (PIPOx) represents very promising functional polymer 

with a high potential in various biomedical applications. PIPOx has been used for the 
preparation of thermosensitive or cationic polymers, drug conjugates, hydrogels, brush-like 
materials, and polymer coatings available for drug and gene delivery, tissue engineering, 
blood-like materials, antimicrobial materials, and many others.1 In our previous studies, we 
demonstrated PIPOx as non-toxic polymeric materials with interesting immunomodulation 
properties.2,3 

Here, we surveyed some examples for the preparation of advanced materials based on 
PIPOx chemistry. For all presented applications, PIPOx with pendant reactive 2-oxazoline 
groups was prepared in a controllable manner via atom transfer radical polymerization 
(ATRP). The reactivity of pendant 2-oxazoline has been used for the selective reactions 
carboxylic group-containing compounds without the presence of any catalyst what can be 
beneficious in the preparation of various advanced materials such as drug-conjugates, 
hydrogels, brushes, amphiphilic copolymers, or elastomers.  

Drug conjugates have been prepared by addition reaction of PIPOx with ibuprofen as a 
potent non-steroidal anti-inflammatory drug providing sustainable release dependent on pH. 
Green-chemistry based hydrogels were prepared by the reaction of PIPOx with bio-based 
dicarboxylic acids leading to hydrogel materials with enhanced biocompatibility and 
mechanical properties. PIPOx was also used for the preparation of solvent-free and metal 
catalyst-free elastomers based on PDMS as a “green” alternative to commercial PDMS 
elastomers. In the last presented example, PIPOx was used as a platform for the preparation of 
amphiphilic copolymers able to provide self-assembly leading to stable colloidal 
(nano)particles. 

1. J. Kronek, Z. Kroneková, A. Minarčíková, M. Majerčíková, P. Strasser and I. Teasdale "Poly(2-
isopropenyl-2-oxazoline) as a Versatile Functional Polymer for Biomedical Applications" 
Polymers, 2024, vol. 16, art. nr. 1708. 

2. E. Paulovičová, Z. Kroneková, L. Paulovičová, M. Majerčíková, J. Kronek „Cell-Mediated 
Immunoreactivity of Poly(2-isopropenyl-2-oxazoline) as Promising Formulation for 
Immunomodulation“ Materials, 2021, vol. 14, art. nr. 1371. 

3. Z. Kroneková, M. Majerčíková, E. Paulovičová, A. Minarčíková, M. Danko, J. Markus, S. 
Letasiova, J. Kronek “Cytotoxicity and Bioimmunological Activity of Poly(2-Isopropenyl-2-
oxazoline) Conjugates with Ibuprofen Using 3D Reconstructed Tissue Models” 
Biomacromolecules, 2024, vol. 25, pp. 3288 – 3301. 
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The world-wide production of synthetic polymers amounts to about 300 million tons, of 

which 200 million tons are polyolefins. 
Our group develops and applies chromatographic methods (size exclusion 

chromatography, solvent gradient liquid chromatography, temperature gradient liquid 
chromatography and two-dimensional liquid chromatography), which may be coupled directly 
or indirectly (after preparative fractionation) with various spectroscopic methods (IR, UV, 
NMR). This enables the characterization of the molar mass distribution as well as the 
chemical composition distribution of synthetic polymers. Such analytical characterizations are 
especially helpful in the development of new polymer materials as well as in revealing the 
underlying causes of issues in the practical application of polymer materials. 

While size exclusion chromatography of polyolefins has been used in practice for about 
60 years now, the first applications of liquid chromatography based on selective adsorption 
and desorption of polyolefins were published only in 2009.1,2 Since then, chromatographic 
systems have been elaborated for a wide range of ethylene/alkene and propylene/alkene 
copolymers, stereo block homopolymers of polypropylene, bimodal high density 
polyethylene, high impact polypropylene, polypropylene grafted with maleic anhydride, 
ethylene/acrylate copolymers as well as for low density polyethylene and ethylene waxes and 
ethylene/vinylacetate copolymers.3 

In this lecture, advances in the analytical characterization of synthetic polymers will be 
presented and the potential of interactive liquid chromatography for hitherto unsolved 
challenges in this field will be outlined.  

1. T. Macko and H. Pasch, "Separation of Linear Polyethylene from Isotactic, Atactic and 
Syndiotactic Polypropylene by High-Temperature Adsorption Liquid Chromatography“ 
Macromolecules 2009, vol. 42, pp. 6063-6067. 
2. T. Macko, R. Brüll, R. Alamo, Y. Thomann and V. Grumel, "Separation of propene/1-
alkene and ethylene/1-alkene copolymers by high-temperature adsorption liquid 
chromatography“ Polymer 2009, vol. 50, pp. 5443-5448. 
3. D. Kot, T. Macko and R. Brüll, "Porous graphite as platform for the separation and 
characterization of synthetic polymers – an overview“ J. Chromatogr. A, 2019, vol. 1606, pp. 
36003. 
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Organo-modified layered clay minerals play an important role in the design of advanced 

materials in many (bio)applications, e.i. as sorption materials and flocculants, catalysts, fillers 
for (nano)composites, drug and gene delivery systems, or materials for tissue engineering.1 

From many options, modification of clay minerals with polycations can provide materials 
with novel properties and utilization in various applications.2,3  

Here, cationic copolymers prepared by partial hydrolysis of poly(2-ethyl-2-oxazoline) as 
a new type of polymeric modifier of clay minerals with improved biocompatibility toward 
potential utilization in biomedical and environmental applications are presented. 

The different content of ethylene imine units of statistical poly(2-ethyl-2-oxazoline-co-
ethylene imine)s (PEtOx-co-PEI) can affect physical properties of modified montmorillonites 
(MMT) and their in vitro cytotoxicity. We demonstrate that above 22 mol% of ethylene imine 
units prepared copolymers are positively charged as seen from Zeta potential measurements. 
The XRD patterns of the powdered samples of PEtOx-co-PEI organoclays show differences 
in the expansion of the interlayer space. We demonstrate the in vitro cytotoxicity of virgin 
clay minerals compared to modified ones determined on 3T3 mice fibroblasts and their 
potential for drug delivery, tissue-engineering applications. Moreover, we demonstrate the 
improved sorption and hydrolytic decomposition of model substrate paraoxon as a 
representative of organophosphates with a significantly higher hydrolytic effect of organo-
modified MMT compared to non-modified MMT. 

1. M.E. Parolo, G.R. Pettinari, T.B. Musso, M.P. Sanchez-Izquierdo, L.G. Fernandez. 
Characterization of organo-modified bentonite sorbents: The effect of modification 
conditions on adsorption performance. Appl. Surf. Sci. 2014, 320, pp. 356–363.  

2. S.K. Samal, M. Dash, S. Van Vlierberghe, D.L. Kaplan, E. Chiellini, C. Van Blitterswijk, 
L. Moroni, P. Dubruel, Cationic polymers and their therapeutic potential. Chem. Soc. Rev. 
2012, 41, pp. 7147-7194..  

3. M.E. Parolo, G.R. Pettinari, T.B. Musso, M.P. Sanchez-Izquierdo, L.G. Fernandez.. 
Polymer–clay nanocomposites for the removal of trichlorophenol and trinitrophenol from 
water. Appl. Surf. Sci. 2014, 320, pp. 356–363. 
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In recent years, two-dimensional (2D) materials such as graphene, graphene oxide, metal 
oxides and hydroxides, MoS2, and many others have been intensively studied, because of their 
unique properties and high potential applicability. The expansion of a new 2D material 
research was triggered by the discovery of a new type of MXene particles, prepared from 
precursor - MAX phase. Due to the metallic conductivity, high mechanical strength and 
hydrophilic character of MXenes, they are regarded as one of the most promising materials 
for supercapacitor electrodes or in solar cells. Hybrids can be created by combination of 2D 
nanosheets with zero-dimensional (0D) nanoparticles as quantum dots, or 1D nanoparticles as 
carbon nanotubes (CNT). This combination used in polymeric composites provides 
interesting 3D structures and properties. Water soluble polymeric matrix, highly amorphous 
polyvinyl alcohol, was used for hybrid composite preparation and results, including EMI 
shielding, will be reported. MXenes were used in solar cell application, the effect of the 
Ti3C2Tx MXene modification of the SnO2 electron transport layer (ETL) was studied for the 
concentration range 0 – 7.4 wt.% MXene. Power conversion efficiency (PCE) increased from 
17.40 % to 18.30 % after the Ti3C2Tx MXene modification, using only 0.1 wt.% MXene-
modified SnO2.  

2D materials and they hybrids exhibit extraordinary properties such as large surface area, 
good electronic conductivity, excellent electrochemical properties, and good chemical, 
electrochemical, and thermal stabilities, that are promising for various application. 
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Thermoplastic elastomers (TPEs) are considered as a desirable substitute for thermoset 
elastomers, because thanks to the physical cross-links in their structure, not only they can 
resist the deformation induced by strain, but also, they demonstrate the ability to be 
reprocessed and recycled.1 Furthermore, oligoethylene glycol methyl ether methacrylate 
(OEGMA) based TPEs have been largely used in biomedical applications due to their 
promising biological properties such as high elasticity, appropriate hydrophilicity and 
biocompatibility.2,3 In this study, the atom transfers radical polymerization (ATRP) was used 
to synthesis poly(OEGMA-stat-MMA) copolymers as functional TPEs. The synthesized 
polymers were characterized using various techniques, such as gel permeation 
chromatography (GPC) and proton nuclear magnetic resonance (1H-NMR) spectroscopy. 
Also, Optimized copolymers in both dry and swollen states, demonstrated necessary strain-
hardening capability, high elasticity, and appropriate young modulus in the range of 15–220 
kPa thus providing mechanical properties suitable for soft tissue engineering applications. 
Furthermore, the resulting statistical copolymers show potential as extrudable ink for 3D 
printing in tissue engineering and other biomedical applications, with good shape fidelity, 
nontoxicity, and satisfactory cell viability toward mouse fibroblast cells. 

1. J. G. Drobny, Handbook of Thermoplastic Elastomers, Elsevier, 2014. 
2. J. Komasa, A. Miłek, P. Ulański, and J. M. Rosiak, "Radiation grafting of oligo (ethylene glycol) 
ethyl ether methacrylate on polypropylene", Radiat. Phys. Chem., vol. 94, pp. 137–140, 2014. 
3. H. M. Aitken, Z. Jiang, I. Hampton, M. L. O’Mara, and L. A. Connal, "Polymer–solvent 
interactions as a tool to engineer material properties", MSDE, vol. 7, pp. 746-754, 2022.  
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The knowledge of the propagation rate coefficient (kp) is crucial to understanding the 

radical polymerization kinetics and mechanisms. Previous studies have shown that kp behavior 
varies with reaction conditions, such as the type of monomer, solvents, temperature, pressure, 
and conversion. The kp values for the sparingly water-soluble monomers such as methyl 
acrylate (MA) and 2-methoxyethyl acrylate (MEA) have been studied so far only under limited 
conditions in water and alcohol/water mixtures.1  

In this work, the IUPAC-recommended pulsed laser polymerization combined with the 
size exclusion chromatography (PLP−SEC) technique is used to determine the kp values of 
MA and MEA as a function of monomer concentration, temperature, and solvent 
compositions. Herein, for MA, we investigated kp at concentrations of 1.2−5 wt% in water 
within the temperature range of 0−60 ᵒC and at 5 wt% MA in a fraction of ethanol in 
ethanol/water mixtures from 0.015−1.00. Additionally, the kp for MEA with concentrations of 
5 and 10 wt% in water were determined at temperatures from 10 to 60 ᵒC.  

The kp in water was unaffected by MA concentration but decreased with increasing MEA 
concentration, due to a reduction in the pre-exponential factor (A(kp)). For 5 wt% MA and 
MEA, the kp in water was approximately 15 and 9 times higher, respectively, than in bulk. 
The A(kp) in water for both the monomers is an order of magnitude higher than in bulk, which 
explains that the increase of kp is due to enhanced rotational motion of the transition state for 
propagation, while the activation energy (EA(kp)) remains unchanged. For MA polymerized in 
ethanol/water mixtures, kp decreased with increasing ethanol fraction, affecting both 
Arrhenius parameters. Since ethanol enhances MA solubility, it leads to complex formation in 
an aqueous environment, which activates the C=C bond and reduces EA(kp) for propagation.  
 

1. M. Agboluaje et al., “A comparison of the solution radical propagation kinetics of partially 
water-miscible non-functional acrylates to acrylic acid,” Polymer Chemistry, vol. 11, pp. 
7104–7114, 2020. 
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Polyacrylates and polymethacrylates possess unique properties that are critical for 

bioapplications. In this study, atomistic molecular dynamics (MD) simulations were 
employed to investigate both the static and dynamic properties of cyclic polyacrylates in their 
melts, specifically poly(methyl acrylate), poly(ethyl acrylate), poly(isopropyl acrylate), and 
poly(tert-butyl acrylate), and poly(methyl methacrylate), below their entanglement length at 
three different temperatures. The primary interest is how the closed topology of these chains 
affects their static and dynamic properties. In addition, the influence of the branching and the 
size of the alkyl substituent group on the static and dynamic properties of polymer chains in 
their melts was scrutinized. Most experimental studies have focused on linear extension of the 
side chain1 and there are only a scarce number of experimental studies focused on the 
branching of the side chain.2 Extension of substituents by branching them instead of 
extending them linearly provided a non-monotonic trend in the size and dynamics of the 
linear chains. In the case of the cyclic polyacrylates, the trend in size monotonically increased 
with the substituent size. The results demonstrated that larger and more branched alkyl groups 
resulted in more symmetric polymer structures. Since chain diffusion decreased with chain 
size and increased with chain symmetry, a non-monotonic trend in diffusion consistent with 
the linear counterparts was obtained. Furthermore, branching in the substituent group was 
found to slow down the local dynamics. Poly(methyl methacrylate) possesses the most 
compact conformation and the slowest local and global dynamics. 
 
1. X. He, J. Wu, G. Huang, and X. Wang, “Effect of Alkyl Side Chain Length on Relaxation 

Behaviors in Poly(n-alkyl Acrylates) and Poly(n-alkyl Methacrylates),” J. Macromol. Sci., 
Part B, 50, pp. 188–200, (2010). 

2. H. Gao, J.P. Harmon, An Empirical Correlation Between Glass Transition Temperatures 
and Structural Parameters for Polymers with Linear and Branched Alkyl Substituents, J 
Appl Polym Sci 64 (1997) 507–517. 

 

Acknowledgment: This work was supported by grants APVV-21-0346, VEGA 2/0098/23, and R1 
09I03-03-V02-00001. 
  



 

 

44 

 

LS-04: NATURAL NANOFILLERS FROM ASPERGILLUS NIGER AS A 
HIGHLY EFFICIENT REINFORCEMENT IN NOVEL ELASTOMERS 

BASED ON WATERBORNE POLYURETHANE 
Silvia Mares Barbosa, Beata Strachota, Adam Strachota, Ewa Pavlova, Jiří Brus, Kristýna 

Gunár, Magdalena Konefał, Jiří Hodan 

Institute of Macromolecular Chemistry, Czech Academy of Sciences, Heyrovského nám. 2, 
162 00 Praha 6, Czech Republic; (maresbarbosa@imc.cas.cz) 

 
This study introduces novel elastomers synthesized from a waterborne polycarbonate-

based polyurethane dispersion, which are reinforced with different amounts of chitin-glucan 
nanocrystals (ChGNCs). Using an environmentally friendly method, aqueous suspensions of 
the polyurethane prepolymer and of the ChGNC nanofiller were blended, subsequently cast 
and evaporated, thus yielding the final nanocomposite elastomers. 

The incorporation of the high-aspect-ratio ChGNC into the polycarbonate-PUR markedly 
improved its stiffness (increase in modulus by 1 order), already at 1wt.% of ChGNC, without 
significantly reducing its excellent extensibility. 

Chitin, the employed nanofiller, is the main structural material of fungal cell walls and 
crustacean shells, and is hence widely accessible. It displays very strong hydrogen bonding, 
and also two additional highly desirable properties: biocompatibility and biodegradability. Its 
complex with glucan (ChGC), which was used in this work, can be straightforwardly isolated 
from mushrooms and offers numerous benefits for biomedical applications, namely anti-
inflammatory, anti-oxidant, and anti-cancer properties. 

The ChGNC nanocrystals were obtained using an acidic deep eutectic solvent mixture 
(DES) for processing commercial chitin-glucan complex from Aspergillus Niger, which was a 
defibrinated dried mycelium. The so-performed disintegration of the chitin bundles into 
ChGNCs yielded a 1D nanofiller with very high aspect ratio, which proved to be a very 
efficient nanofiller. 

The characterization of the synthesized PUR nanocomposite films includes their 
morphology (filler dispersion studied via X-ray scattering and electron microscopy), dynamic-
mechanical thermal analysis, micro-tensile tests, relaxation-, and creep tests. The interaction 
with bacteria also was assessed. 

The study employed organic-solvent-free procedures, and it used raw materials of 
biological origin, so that the products can meet the stringent quality requirements applying in 
tissue engineering and biomedical applications. 
 
Acknowledgment: The authors would like to acknowledge the financial support from the Ministry of 
Education Youth and Sports of the Czech Republic (Grant LUAUS23004). 
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Dynamic hydrogels have emerged as promising scaffolds for tissue engineering due to 
their capacity to replicate the time-dependent mechanical properties of native cellular 
microenvironments. These hydrogels can be formed by incorporating reversible covalent and 
non-covalent bonds into a polymeric network1. Reversible covalent bonds, which combine the 
strength of covalent bonds with the reversibility of non-covalent interactions, are particularly 
effective in replicating a wide range of the mechanical behavior found in human tissues. 
Additionally, a dual-crosslinking strategy within these dynamic hydrogels offers the potential 
to adjust network properties on demand2. 

In this study, we developed a dual crosslinked alginate-based hydrogel by combining 
reversible covalent acylhydrazone and boron ester bonds. For this purpose, sodium alginate, a 
cell-friendly and natural-based polymer, was first functionalized with adipic dihydrazide to 
introduce acylhydrazide groups. Subsequently, oxidized dextran, serving as the aldehyde 
counterpart for acylhydrazide, as well as a mixture of oxidized dextran with tannic-boronic 
complexation, were employed to form either an acylhydrazone hydrogel or a dual-crosslinked 
hydrogel. Mechanical properties of the resulting hydrogels, including compressive strength, 
stress relaxation, and cyclic deformation, were evaluated. Our results showed a significant 
increase in compressive strength in the dual-crosslinked hydrogel compared to acylhydrazone 
hydrogel. Additionally, the dual-crosslinked hydrogel demonstrated a dynamic network, as 
evidenced by its hysteresis in cyclic strain-stress and stress relaxation behavior. Our findings 
highlight the potential of dual-crosslinked alginate-based hydrogels as promising candidates 
for engineering strong yet dynamic tissues such as cartilage. 

1. M. Rizwan, A.E. Baker, and M.S. Shoichet "Designing hydrogels for 3D cell culture using 
dynamic covalent crosslinking" Adv. Healthc., vol. 10, pp. 2100234. 

2. Y. Ma, T. Han, Q. Yang, J. Wang, B. Feng, Y. Jia, Z. Wei, F. Xu "Viscoelastic cell 
microenvironment: hydrogel‐based strategy for recapitulating dynamic ECM mechanics" 
Adv. Funct., vol. 31, pp. 2100848. 
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Polyaspartate-based polyurea networks (PU-ASPE networks) are new and 
environmentally friendly alternatives to thermosetting polymers, such as epoxies and 
polyurethanes, with major applications in coatings. We investigated the chemical mechanisms 
underlying the aspartate amine-isocyanate curing process, focusing on the gelation process 
and the resultant network structure. We studied step-wise crosslinking system: the bis-
aspartate amine ester – Desmophen® NH1420 was cured with a bio-based tri-isocyanate – 
Desmodur® eco N 7300. We compared the crosslinking behavior of “closed bulk” (reference 
system) vs. freely evaporating films. The gelation dramatically depended on the system: 
experiments in bulk vs. film showed just opposite trends upon addition of dibutyltin dilaurate 
(DBTDL) regarding the rate of NCO consumption. Applying a crosslinking model that 
includes other effects such as 1/in-situ formation of monofunctional reactant–ethanol, and 2/ 
additional branching of the components, we were able to explain the riddle. Briefly, in the 
closed system containing the DBTDL, the reaction of NCO with OH was preferred and lead 
to altered network while NCO-NH reaction was deterred. The impact of the side-processes 
could be experimentally evidenced from swelling and mechanical characterization of the 
networks. Swelling studies showed that the networks cured in absence of DBTDL exhibited 
lower swelling, indicating higher crosslink density, whereas at presence of DBTDL, the 
swelling increased indicating loose network and dangling chains. Furthermore, we evidenced 
the transformation of urea groups into stable hydantoin cycles via intramolecular de-
esterification with cleavage of ethanol [1]. The chemical changes were analyzed using FTIR 
and C13-NMR spectroscopy, while thermal and mechanical properties were characterized by 
DSC, TGA, uniaxial tensile tests, and microindentation hardness tests. 
 

1. S. Natour et al, Prog. Org. Coatings 2024, 192, DOI 10.1016/j.porgcoat.2024.108449 
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Silk, a natural protein fiber from the Bombyx mori silkworm, primarily consists of silk 
fibroin (SF) and silk sericin (SS). SF is noted for its mechanical properties and 
biocompatibility, making it suitable for biomedical applications once the SS is removed 
through degumming, which can leave impurities [1]. The degummed fibers are solubilized 
using lithium bromide to create regenerated SF, ideal for drug delivery and tissue engineering 
due to its compatibility with human tissues [2]. SF was chosen for its ability to form 
nanoparticles, enhancing the stability and bioavailability of encapsulated active ingredients. In 
our study, SF nanoparticles incorporated vitamin C, an antioxidant promoting collagen 
synthesis and skin repair, and Alchemilla extract, which has antimicrobial and anti-
inflammatory properties. These ingredients are crucial for improving skin health and wound 
healing. Desolvation, a common technique for producing protein-based nanoparticles, 
involves reducing SF solubility with organic solvents like acetone, ethanol, DMSO, and 
methanol, leading to phase separation and forming nanosystems [3]. The transition from Silk I 
to Silk II conformation is induced by dehydration using solvent and SF chain compaction [1]. 
In this study, silk nanoparticles (NPs) loaded with vitamin C and Alchemilla were developed 
for dermal drug delivery. Various solvents, including ethanol, acetone, and distilled water, 
were tested to produce the smallest nanoparticles. Initial characterizations showed diameters 
of 155.7 ± 67.31 nm for Silk NPs, 600.0 ± 171.1 nm for Alchemilla-loaded NPs, 212.3 ± 
60.10 nm for vitamin C-loaded NPs, and 812.1 ± 182.5 nm for NPs loaded with both 
compounds, with vitamin C being released over 24 hours. In summary, Silk fibroin 
nanoparticles effectively encapsulate vitamin C and Alchemilla extract, enhancing their 
stability and bioavailability, and showing promise for improving skin health and wound 
healing. 

1. B. Crivelli et al., “Silk nanoparticles: from inert supports to bioactive natural carriers for 
drug delivery,” Soft Matter, vol. 14, no. 4, pp. 546–557, 2018, doi: 
https://doi.org/10.1039/c7sm01631j. 

2. L. Xiao, G. Lu, Q. Lu, and D. L. Kaplan, “Direct Formation of Silk Nanoparticles for Drug 
Delivery,” ACS Biomaterials Science & Engineering, vol. 2, no. 11, pp. 2050–2057, Sep. 
2016, doi: https://doi.org/10.1021/acsbiomaterials.6b00457. 

3. Z. Zhao, Y. Li, and M.-B. Xie, “Silk fibroin-based nanoparticles for drug 
delivery,” International Journal of Molecular Sciences, vol. 16, no. 3, pp. 4880–4903, 
Mar. 2015, doi: https://doi.org/10.3390/ijms16034880. 
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A next-generation cure for type 1 diabetes relies on immunoprotection of insulin-

producing cells, which can be achieved by their encapsulation in multicomponent alginate-
based microcapsules that are reinforced by the interpolyelectrolyte complex (IPEC) formed 
using a guanidine-based polycation, poly(methylene-co-cyanoguanidine) (PMCG). To explore 
alternative routes for synthesizing PMCG-like biguanide-based polycations capable of 
forming more stable IPECs, we investigated the direct condensation of formaldehyde with N-
substituted biguanides (metformin, phenformin, 1-(o-tolyl) biguanide, and 2-
guanidinobenzimidazole). The polycondensation reactions were optimized to control the 
molecular weight and composition of the condensates by varying parameters such as 
stoichiometry, temperature, reaction time, pH, and isolation method. Further, we also 
synthesized copolymers bearing guanidine moieties in the side groups by controlled 
guanylation of amino polymers, such as poly(allylamine) and poly(ethyleneimine), to 
different degrees. The prepared polycations were characterized using NMR spectroscopy, size 
exclusion chromatography (SEC), and scattering methods. Preliminary results on the use of 
the polycations in microcapsule preparation will be also presented.  
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Due to fluoro carbon based water repellents’ toxic effects on human health and 

environment, eco-friendly water repellents based on non-fluorine chemistries are extremely 
attracted by researchers. Cardanol, a byproduct of cashew nut industry, is a renewable 
resource containing mixture of monohydroxyl phenol with long saturated hydrocarbon chain 
in metaposition which leads this material having good flexibility and hydrophobic nature. In 
this study different types of waterborne polyurethane (PU) dispersions were synthesized by 
using HDI, IPDI and different types of cardanol based polyols with using prepolymer mixing 
method. PU dispersions were characterized by solid content, viscosity, pH measurements, 
mean particle size and particle size distribution. Moreover, chemical structure of dispersions 
were determined by FTIR. Film formation behaviours of dispersions were also examined and 
thermal properties of obtained films were characterized by DSC. In the end, obtained 
dispersions were applied on textile substrate via padding application and water repellency 
properties of the coated substrates were examined by. AATCC 22 Water Repellency: Spray 
test. 
 
1. Bai W., Lin H., Chen K., Xu J., Chen J., Zhang X., Zeng R., Lin J., Xu Y., (2020), Eco-

friendly stable cardanol-based benzoxazine modified superhydrophobic cotton fabrics for 
oil–water separation, Separation and Purification Technology 253, 117545. 

2. Cheng J., Shang Q., Liu C., Hu L., Bo C., Hu Y., Yang X., Zhou Y., Lei W.,(2021) 
Fabrication of cardanol-based superhydrophobic cotton fabric for highly effective oil-water 
separation, Materials Today Communications 29, 102820.  

3. Balgude D., Sabnis A., Ghosh S.K., (2016), Synthesis and characterization of cardanol 
based aqueous 2K polyurethane coatings, European Journal 85, 620-634. 
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The compression molded samples of glycerol plasticized corn starch prepared using a 
Brabender mixer (BR) and extruder (EXT), and EXT samples reprocessed in Brabender 
(EXT+BR) were studied using nuclear magnetic resonance spectroscopy (NMR). EXT 
samples were stored for three months in PE bags prior to molding. 13C and 1H NMR spectra 
for these samples were acquired on as-supplied samples, as-supplied samples dried at 110°C 
and as-supplied samples stored 1, 2, 3 and 4 weeks in desiccators at relative humidity (RH) of 
11 and 55%. The weight of the samples levelled off after 2 weeks of storage. 

 
The shape of the starch anomeric carbon (C1) signal in 13C NMR spectra1 for the as-

supplied samples (not shown) indicated a small amount of ordered phase in the EXT sample, 
while BR and EXT+BR samples were amorphous. After one month of storage in PE bags the 
samples were dried to eliminate the influence of free water on 13C NMR spectra which 
revealed negligible changes in the samples structure (Fig. 1a). The same effect was observed 
for the samples stored at 11% RH. The ordered phase formation was facilitated successively 
by the storage at RH of 55% (Fig. 1b). 1H NMR spectra show that the mobility of glycerol 
and water molecules is influenced by the presence of the ordered phase which creates higher 
free volume within the amorphous phase as would be deduced from the decreased line width 
of narrow signals in 1H NMR spectra for hydrated samples (Fig. 1c, d).  

1. T.Y. Bogracheva Y.L. Wang C.L. Hedley, "The Effect of Water Content on the 
Ordered/Disordered Structures in Starches" Biopolymers, vol.58, pp. 247-259, 2001. 

 

 
Figure 1 The signal of anomeric carbon in 13C NMR (a,b) and 1H NMR spectra (c,d) for studied samples 
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The controlled polymerization of furan-based monomers is a key focus in the search for 
sustainable materials due to their potential to produce eco-friendly (co)polymers [1]. Furan 
derivatives, which are obtained from renewable biomass, offer an alternative to traditional 
petroleum-based monomers. The furan-based (co)polymers can have different structures and 
properties depending on the synthesis method and the specific monomers used. This study is 
focused on two controlled radical polymerization techniques, such as atom transfer radical 
polymerization (ATRP) [2] and nitroxide mediated polymerization (NMP) [3]. They were 
specifically chosen and optimized for furan-based monomers, which obtained by 
derivatization of 5-(hydroxymethyl)-furfural. The main goal of this work is understanding the 
mechanism pathways, optimizing reaction conditions, and achieving precise control over 
molar mass and polymer architecture. Notably, furan polymers are their exceptional thermal 
stability, enabling them to endure high temperatures and resist thermal degradation. 
Moreover, furan polymers exhibit high resistance to chemicals, solvents, and acids. As a 
result, they find suitability in applications such as refractory materials, coatings, crosslinking 
and adhesives that require elevated temperature resistance. In the presented work, we are 
currently focused on using these furan-based (co)polymers for creating nanofibers by 
electrospinning as packaging materials. Additionally, these synthesized copolymers also used 
for developing carriers for fluorescent materials or pharmaceuticals by post-modification 
reactions.  

1. L. Lalanne, G.S. Nyanhongo, G.M. Guebitz, A. Pellis, Biotechnol. Adv., 2021, 48, 107707. 
2. G. Zain, D. Bondarev, J. Doháňošová, J. Mosnáček, ChemPhotoChem., 2019, 1138–1145. 
3. M. Marić, Can. J. Chem. Eng., 2021, 99 (4), 832–852. 
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Cyclodextrins (CDs) are cyclic oligosaccharides known for their hydrophobic inner 
cavities, formed by C-H bonds, and hydrophilic outer surfaces due to hydroxyl groups. These 
unique structural features allow CDs to encapsulate various molecules through non-covalent 
interactions, making them valuable in drug delivery and environmental applications. 
However, the functionalization of CDs with specific moieties can further enhance their 
properties1. Taurine, a zwitterionic molecule with both hydrophilic and bioactive properties, is 
an ideal candidate for this purpose. Incorporating taurine into the polymer structure of β-
cyclodextrin (β-CD) can potentially improve the solubility of hydrophobic drugs and increase 
the adsorption capacity of pollutants, thereby broadening the application range of β-CD 
polymers. 

In this work, we synthesized and characterized soluble and insoluble β-CD polymer 
(PCDs) by epichlorohydrin in the presence of taurine. The soluble PCDs, which offer 
enhanced water solubility compared to β-CD polymer, were specifically examined for their 
ability to improve the solubility of hydrophobic drugs like resveratrol2 and sulfasalazine. In 
contrast, insoluble PCDs were studied for their effectiveness in forming hydrogels capable of 
adsorbing pollutants such as phenol3, dyes (Methanil Yellow and Rhodamine), and antibiotics 
from wastewater. The preparation conditions were optimized to yield PCDs with either 
increased water solubility or greater affinity for guest molecules. The synthesized PCDs were 
characterized using Nuclear Magnetic Resonance (NMR), Fourier Transform Infrared 
Spectroscopy (FTIR), and Ultraviolet-Visible Spectroscopy (UV-Vis) confirming their 
structures and properties. 
 
1. E. Kashani, S. Maghsoudi, H. Rezania, M. Yarazavi, and M. Hajiabbas, “Cyclodextrin 

polymers containing ionizable and ionic groups : A comprehensive review from 
classifications and synthesis methods to applications,” vol. 39. 

2. A. Heydari, H. Sheibani, V. Hronský, I. Janigová, M. Šlouf, and P. Šiffalovič, “β ‑ 
Cyclodextrin ‑ epichlorohydrin polymer / graphene oxide nanocomposite : preparation and 
characterization,” Chem. Pap., vol. 72, no. 5, pp. 1299–1313. 
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The microphase separation in block copolymers (BCPs) occurs due to immiscibility of 
the constituent blocks and has attracted considerable attention over the years 1. The 
morphological possibilities considerably increase with increase in the complexity of the BCP 
architecture. A good example is ABC miktoarm star, where three chemically distinct 
polymeric chains are bound to a common point, forcing the separation of the incompatible 
arms, while constraining them to the same region. This project aims to discover complex 
morphologies known as Frank-Kasper phases, which have previously been observed in AB 
diblocks 2., but not in an ABC star. It utilizes the concept of conformational asymmetry, 
which describes differences in the chemical structure of the individual arms, affecting the way 
they pack 3. The polymers are synthesized using anionic polymerization in order to obtain 
chains with narrow dispersity characteristics and are linked to a 1,1-diphenylethylene 
derivative and are partly based on previous work carried out at DTU by Sergey Chernyy and 
collaborators  4,5. 

1. Leibler, L. (1980). Theory of Microphase Separation in Block Copolymers. 
Macromolecules, 13(6), 1602–1617.  

2. Lee, S., Bluemle, M. J., & Bates, F. S. (2010). Discovery of a Frank-Kasper sigma phase in 
sphere-forming block copolymer melts. Science, 20947759.  

3. Matsen, M. W., & Bates, F. S. (1997). Conformationally asymmetric block copolymers. J. 
Polym. Sci., Part B: Polym. Phys., 35(6), 945–952.  

4. Chernyy, S., Kirkensgaard, J. J. K., Mahalik, J. P., Kim, H., Arras, M. M. L., Kumar, R., 
Almdal, K. (2018). Bulk and Surface Morphologies of ABC Miktoarm Star Terpolymers 
Composed of PDMS, PI, and PMMA Arms. Macromolecules, 51(3), 1041–1051.  

5. Chernyy, S., Mahalik, J. P., Kumar, R., Kirkensgaard, J. J. K., Arras, M. M. L., Kim, H., 
Almdal, K. (2018). On the morphological behavior of ABC miktoarm stars containing 
poly(cis 1,4-isoprene), poly(styrene), and poly(2-vinylpyridine). J. Polym. Sci., Part B: 
Polym. Phys., 56(22), 1491–1504.  
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Hydrogen as a green energy source, has many advantages, such as high energy density 

(120 MJ Kg−1), clean combustion products, and a wide range of applications.1,2 Therefore, it 
is considered as a one of the most important alternatives to fossil fuels.1,2 

Water-splitting is regarded as one of the most advanced technologies for converting 
electricity into hydrogen energy.3 The optimization of a water-splitting system requires the 
development of highly efficient, low-cost and stable electrocatalysts based on earth-abundant 
elements.4 In numerous research studies, the electronic configuration of electrocatalysts has 
been modified to promote the intrinsic activity by tuning components,6 controlling the 
morphology,7 designing the crystalline structures,8 etc. Recently, a new promising research 
pathway was developed, namely reducing bubble adhesion to produce electrocatalysts with 
superhydrophilic and consequently superaerophobic surfaces.9 

In this work, a modification of Ni foam and hydrothermally synthetized MoSe2 on Ni 
foam by hydrophilic polymer blend for enhancement of the catalytic efficiency will be 
presented. This work can provide a new way how to boost the Ni foam based catalytic 
efficiency by changing the wetting properties of electrocatalyst. 

1. N. Daelman, M. Capdevila-Cortada, and N. López, “Dynamic charge and oxidation state of 
Pt/CeO2 single-atom catalysts,” Nat. Mater. 2019 1811, vol. 18, no. 11, pp. 1215–1221 

2. X. Wang et al., “Single-Atom Vacancy Defect to Trigger High-Efficiency Hydrogen 
Evolution of MoS2,” J. Am. Chem. Soc., vol. 142, no. 9, pp. 4298–4308, Mar. 2020 

3. I. Roger, M. A. Shipman, and M. D. Symes, “Earth-abundant catalysts for electrochemical 
and photoelectrochemical water splitting,” Nat. Rev. Chem. 2017 11, vol. 1, no. 1, pp. 1–
13, Jan. 2017 

4. T. Wang et al., “Precious metal-free approach to hydrogen electrocatalysis for energy 
conversion: From mechanism understanding to catalyst design,” Nano Energy, vol. 42, pp. 
69–89, Dec. 2017 

5. S. Cogal, G. Celik Cogal, M. Mičušík, A. Michalcova, M. Šlouf, and M. Omastová, 
“Conducting polymer-templated and nonnoble metal doped MoSe2 hybrids as bifunctional 
electrocatalysts for overall water splitting,” J. Electroanal. Chem., vol. 946, no. August, 
2023 

6. D. Liu et al., “One-step synthesis of IrOx-decorated ultrathin NiFe LDH nanosheets for 
efficient oxygen evolution reaction,” Chem. Commun., vol. 56, no. 77, pp. 11465–11468, 
Sep. 2020 

7. Y. Li et al., “Under-Water Superaerophobic Pine-Shaped Pt Nanoarray Electrode for 
Ultrahigh-Performance Hydrogen Evolution,” Adv. Funct. Mater., vol. 25, no. 11, pp. 
1737–1744, Mar. 2015 

8. R. Yang, Z. Zeng, Z. Peng, J. Xie, Y. Huang, and Y. Wang, “Amorphous urchin-like 
copper@nanosilica hybrid for efficient CO2 electroreduction to C2+ products,” J. Energy 



 

 

56 

 

Chem., vol. 61, pp. 290–296, Oct. 2021 
9. R. Andaveh, G. B. Darband, M. Maleki, and A. S. Rouhaghdam, 

“Superaerophobic/superhydrophilic surfaces as advanced electrocatalysts for the hydrogen 
evolution reaction: a comprehensive review,” J. Mater. Chem. A, vol. 10, no. 10, pp. 5147–
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The incorporation of ferulic acid in a polymeric hydrogel enhanced its antimicrobial and 

antioxidant properties. The combination of these properties aimed to obtain a hydrogel ideal 
as a vehicle in the culture of mesenchymal stem cells, aiming for its application in 
regenerative medicine. A preliminary exploration involved applying different mass ratios of 
ferulic acid: chitosan (1:2, 1:1, and 2:1) for the radical-mediated grafting copolymerization 
during 24 h at 90 °C1. The quantification of total polyphenols by the Folin-Ciocalteu method 
evidenced a higher content by using a mass ratio of 1:1 (approximately 39 µg/µL). Next, the 
synthesis was carried out with nanocellulose (oxidized cellulose nanofibers-OCNF and 
cellulose nanocrystals- CNC), resulting in total polyphenol content of 49 µg/µL and 10 
µg/µL, respectively. After demonstrating the effectiveness of chemical modification, we 
investigated changes in the cellulose’s chemical structure, which were analyzed mainly for 
CNF using physicochemical techniques such as solid-state CP/MAS 13C- nuclear magnetic 
resonance (NMR), Fourier transform infrared (FTIR) and X-ray photoelectron spectroscopy 
(XPS)2. Another physicochemical characteristic monitored was the surface charge in water 
suspension by determination of the zeta potential before and after synthesis. Structural 
characterization study indicated that ferulic acid was successfully grafted into the sample with 
2,2,6,6-tetramethylpiperidine-1-oxyl radical (TEMPO)-mediated oxidation, thus contributing 
to the development of promising results on hydrogels with adequate cell adhesion3, in 
addition to differentiated protective properties that guarantee the viability of stem cells for 
advanced therapies.  
 
1. S. Saber-Samandari., O. Yilmaz., and E. Yilmaz. “Photoinduced graft copolymerization 

onto chitosan under heterogeneous conditions”. J Macromol Sci Pure Appl Chem., vol. 49 
(7), pp. 591-598, 2012. 

2. Z. W. Wang., Z. H. Zhang., Z. R. Qiao., W. D. Cai and J. K. Yan. “Construction and 
characterization of antioxidative ferulic acid-grafted carboxylic curdlan conjugates and 
their contributions on β-carotene storage stability”. Food Chem., vol. 349, 129166, 1-9, 
2021. 

3. M. A. Mariño., K. Oyarce., C. Tobar., R. Segura., M. G. Paredes., P. Pavez., M. Sarabia., 
A. Amoroso., J. L. Concha., J. Norambuena-Contreras., G. Cabrera., J. Castaño. 
“Crosslinked oxidized-nanocellulose/chitosan hydrogels as a scaffold matrix for 
mesenchymal stem cell growth”. Cellulose., vol. 3, 363-379, 2023.  
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Figure 1. On the left: FTIR of nanocellulose samples before and after grafting with ferulic acid. On the right: 
solid-state 13C NMR of CNF-grafted. 
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Poly(2-isopropenyl-2-oxazoline) (PIPOx) has gained a significant attention as a polymer 

platform due to low cytotoxicity, immunomodulation properties, and the possibility of post-
polymerization modifications with drugs, hydrophobic moieties in various fields of 
biomedical applications. 1,2  

In this study, we focused on the modification of PIPOx prepared by ATRP with molar 
mass ranged from 3300 to 45,000 g·mol−1 with ibuprofen as a representative of nonsteroidal 
anti-inflammatory drugs. PIPOx-ibuprofen conjugates were characterized by nuclear magnetic 
resonance spectroscopy, Fourier-transform infrared spectroscopy, and gel permeation 
chromatography. These conjugates represent amphiphilic copolymers able to form stable 
nanoparticles (∼9 nm) irrespective of molar mass. Dynamic light scattering confirmed 
formation of nanoparticles stable in various temperatures. Ibuprofen release from the 
conjugates exhibited pH- and molar mass-dependence. Histological examination indicated 
PIPOx's non-cytotoxic nature across all molar masses tested. Immunological assessments 
revealed PIPOx's anti-inflammatory character. These findings highlight PIPOx as a polymer 
carrier enhancing the drug performance, thus having high potential in biomedical applications, 
offering controlled drug release and biocompatibility across various conditions.3 

1. J. Kronek, A. Minarčíková, Z. Kroneková, M. Majerčíková, P. Strasser, I. Teasdale, 
“Poly(2-isopropenyl-2-oxazoline) as a Versatile Functional Polymer for Biomedical 
Applications”, Polymers (Basel), vol. 16, no. 12, p. 1708, Jun 2024, doi: 
10.3390/polym16121708. 

2. E. Paulovičová, Z. Kroneková, L. Paulovičová, M. Majerčíková, J. Kronek, “Cell-Mediated 
Immunoreactivity of Poly(2-isopropenyl-2-oxazoline) as Promising Formulation for 
Immunomodulation”, Materials, vol. 14, no. 6, p. 1371, Mar. 2021, doi: 
10.3390/ma14061371. 

3. Z. Kroneková, M. Majerčíková, E. Paulovičová, A. Minarčíková, M. Danko, J. Markus, S. 
Letasiova, J. Kronek, “Cytotoxicity and Bioimmunological Activity of Poly(2-
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Models”, Biomacromolecules, vol. 25, no. 6, pp. 3288–3301, Jun 2024, doi: 
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FLASH radiotherapy, characterised by the delivery of ultra-high dose-rate radiation, has 

emerged as a groundbreaking approach in cancer treatment, offering the potential to minimise 
normal tissue damage while effectively targeting tumours. Since the efficacy of radiation 
therapy depends on the oxygen concentration within the treated tissue, hypoxic regions of the 
tumour are more resistant to radiation. Increased radiosensitising effects on hypoxic cells have 
been observed with nitroaromatic and structurally related compounds, such as misonidazole 
and tirapazamine, as well as diselenide compounds. The aim of this research is to enhance the 
efficacy of the radiotherapy by combining different radiosensitisers and using supporting 
moieties (eg mitochondria–targeting triphenylphosphonium) to exert additional effects on 
cancer cells. Preclinical tests are conducted on spheroids, which provide normoxic cells on the 
surface and hypoxic cells at the centre of the spheroid. 

1. Vetrík, M.; Kucka, J.; Kobera, L.; Konefał, R.; Lobaz, V.; Pavlova, E.; Bajecny, M.; 
Heizer, T.; Brus, J.; Sefc, L.; Pratx, G.; Hrubý, M.; Fluorinated diselenide nanoparticles for 
radiosensitizing therapy of cancer. Free Radical Biol. Med., vol. 187, 2022, pp. 132–140. 

2. McKeown, S. R.; Defining normoxia, physoxia and hypoxia in tumours – implications for 
treatment response. Br. J. Radiol., vol. 85, 2014, 20130676 

3. Arthur-Baidoo, E.; Ameixa, J.; Ziegler, P.; Ferreira da Silva, F.; Ončák, M.; Denifl, S.; 
Reactions in Tirapazamine Induced by the Attachment of Low–Energy Electrons: 
Dissociation Versus Roaming of OH. Angew. Chem., vol. 59, 2020, pp. 17177-17181 
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Annually, a staggering amount of food waste is generated, with approximately one-third 
of the global food supply ending up in landfills or incinerators1. This not only represents a 
significant loss of resources but also contributes to environmental degradation. The high 
carbon content of food waste presents an opportunity to produce biochar, a sustainable 
alternative to carbon from fossil sources. Carbon, with its unique properties such as low 
weight, porosity, high strength, low temperature, electrical conductivity, and chemical 
stability, can be utilized in a variety of applications, from filtration to energy production, 
agriculture, and sensor technology2.  

This study aimed to reduce environmental issues associated with kitchen waste. We 
selected potato and root vegetable waste for our research activity. Thermal stabilization up to 
250°C and carbonization up to 800°C were applied to reach the material with a high carbon 
content. The produced carbon materials were comprehensively characterized by SEM, 
EDS/SEM, elemental analysis, TGA/DTG, XRD, FTIR, and RAMAN.  
 
 
1. Food waste in Europe: statistics and facts about the problem | Eufic (Accessed on 28.08.2024) 
2. S. Kane and C. Ryan “Biochar from food waste as a sustainable replacement for carbon 
black in upcycled or compostable composites” Composites Part C, vol. 8, 2022, 8, 100274. 
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In connection with urgent environmental issues, the problem of micropollutants is being 

discussed more and more intensively. We introduce a new concept of polymeric 
potentiometric-fluorescence micropollutant sensor. The detection is aimed mainly at ionic 
surfactants, polyvalent toxic metal ions, bacterial endotoxins (that can often cause 
inflammation leading to septic shock), as well as defensins (as markers of inflammation), 
which function similarly to cationic surfactants. The universal concept of the sensor can allow 
its miniaturization and easy use both in laboratories and in wastewater treatment plants, 
medical facilities or in field conditions during collection of samples. The proposed 2D-
orthogonal sensor represents a combination of two independent methods, potentiometry and 
luminescence. Potentiometric detection enables the accurate determination of generally 
charged substances using an electrode that is oppositely charged to the investigated analyte 
and is at the same time partially hydrophobic. The polymer detection layers can be decorated 
with suitable molecules serving as ligands for the selected micropollutants. Since the 
attachment of a charged toxin molecule to the sensor layer causes a change in the charge 
distribution and a change in the hydrophobicity of the surface, it can naturally lead to a 
change in the light emission of the luminophore, which will be incorporated into the layer as 
well. 
 
1. Ivanko, J. Pánek, J. Svoboda, A. Zhigunov, E. Tomšík. Tuning the photoluminescence and 

anisotropic structure of PEDOT. Journal of Materials Chemistry C 2019, 7, 7013-7019. 
doi: 10.1039/c9tc00955h 

2. E. Tomšík, I. Ivanko, J. Svoboda, I. Šeděnková, A. Zhigunov, J. Hromádková, J. Pánek, M. 
Lukešová, N. Velychkivska, L. Janisová. Method of preparation of soluble PEDOT: self-
polymerization of EDOT without oxidant at room temperature. Macromolecular Chemistry 
and Physics 2020, 221, 2000219_1-2000219_11. doi: 10.1002/macp.202000219 

3. E. Tomšík, P. Dallas, I. Šeděnková, J. Svoboda, M. Hrubý. Electrochemical deposition of 
highly hydrophobic perfluorinated polyaniline film for biosensor applications. RSC 
Advances 2021, 11, 18852-18859. doi:10.1039/d1ra02325j 

4. Urbánek, T., Ivanko, I.,Svoboda, J.,Tomšík, E.,Hrubý, M. Selective potentiometric 
detection of reactive oxygen species (ROS) in biologically relevant concentrations by a 
modified metalized polyporphyrine sensing layer coated with nonbiofouling poly(2-alkyl-
2oxazoline)s. Sensors and Actuators B - Chemical 2022, 363, 131827-131857. doi: 
10.1016/j.snb.2022.131827 
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The development of poly(2-ethyl-2-oxazoline)-stabilized, nanoparticle based carrier 
systems for biomedical applications has gained increased interest due to the systems non-
toxicity and biocompatibility1. In our present work, we have sucessfully synthesized solid 
lipid particles (SLPs) based on a cholesterol/tetradecanol core that carries water-soluble 
amphiphilic poly(2-oxazoline)-ligand conjugates with a hydrophobic end group (Scheme 1). 
This end group of poly(2oxazoline) is temporarily hidden by the biodegradable core of the 
SLPs, enabling the ligand to actively target cell membrane receptors. After administration, the 
particle core is metabolized, causing the release of the hydrophobic unit and enabling its non-
specific binding to cell membranes. By establishing a synergistic interplay of non-specific and 
specific binding, this strategy enhances the ligand's targeting efficiency. 

1. A.L. Onugwu, A.A. Attama, P.O. Nnamani, S.O. Onugwu, E.B. Onuigbo, and V.V. 
Khutoryanskiy, Development and optimization of solid lipid nanoparticles coated with 
chitosan and poly (2-ethyl-2-oxazoline) for ocular drug delivery of ciprofloxacin. J. Drug 
Deliv. Technol., 2022, 74, 103527.  

 

Scheme 1: Development of biodegradable solid lipid particle based nanocarrier.  
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This work demonstrates the feasibility of using kitchen waste-derived biochar to create a 
cost-effective electrochemical sensor comparable to commercial sensors. Graphite and soot 
from fossil sources are replaced with an alternative material, namely biochar from kitchen 
waste. 

Using kitchen waste to develop ultra-sensitive electrochemical sensors for early disease 
detection is promising in sustainable waste management and advanced diagnostic 
technology1. This research, which integrates environmental sustainability with cutting-edge 
sensor technology, is a structured process involving various phases. The preparation of 
biochar from kitchen waste, particularly from root vegetables and potatoes, consists of a series 
of controlled carbonization processes2. The resulting biochar undergoes a comprehensive 
characterization process using various techniques, including microscopy, thermal analysis 
such as TGA/DSC, and spectroscopic techniques like FTIR and Raman. This thorough 
evaluation is crucial in determining the functional properties of the biochar. High-viscosity 
dispersions that combine biochar with polymer binders are then prepared for screen-printing. 
Techniques such as ultrasonic homogenization and ball milling ensure printing dispersions' 
stability and desirable rheological properties.  

The electrochemical performance of the screen-printed electrodes was evaluated through 
cyclic voltammetry, differential pulse voltammetry, and electrochemical impedance 
spectroscopy. The screen-printed sensor was tested for sensitivity to the small organic 
molecule dopamine.  
 
1. Production method of printing composite dispersions and screen-printed carbon electrochemical 
sensor / Spôsob výroby tlačových kompozitných disperzií a sieťotlačený uhlíkový elektrochemický 
sensor, PP50073-2023, 9.10.2023, Vestník úradu priemyselného vlastníctva SR (patenty), 17/2024 – 
SK, 11.9.2024. 
2. A. Opálková Šišková et al. “Simple and eco-friendly route from agro-food waste to water pollutants 
removal” Materials, vol. 13, 2020, 5424.  
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Staphylococcus aureus is one of the most common opportunistic bacteria infecting human 

and causing skin infections, it is widely distributed and have a high survival rate in dry 
environments, e.g. on surfaces of inanimate objects. Virulence in S. aureus is largely under 
the regulation of two loci, sarA and agr. 

Hydrophobic carbon quantum dots (hCQDs) are well-known for their antibacterial 
properties. They are activated by blue LEDs to produce singlet oxygen which exert potent 
antibacterial activity. Polydimethylsiloxane (PDMS) is used in various biomedical 
applications including catheters, bandages and medical implants as they are biocompatible 
and chemically stable. In order to add extra value – antimicrobial - for this polymer, hCQDs 
were incorporated in it. In this study we analyzed gene expression of 4 virulent genes (agrA, 
psma, rsp and rsaC) in response to contact with PDMS doped with hCQDs.  

hCQDs were prepared according to procedure described by Stankovic et al.1. The 
hCQDs/PDMS nanocomposites were prepared by dipping of PDMS samples in hCQDs 
solution in toluene. The hCQDs/PDMS nanocomposites were dried at 80 °C for 12 h to get rid 
of toluene.  

Bacterial suspension of S. aureus (3.1x106 CFU/mL) was inoculated on the surface of 
PDMS/hCQDs samples and exposed to blue light for 5, 10 and 15 minutes. The samples were 
incubated at 37°C for 24 hours. Bacteria were recovered and total RNA isolation, cDNA 
generation, and real-time quantitative reverse transcription-PCR was performed on the 
recovered bacteria. The genes analyzed were agrA, psma, rsp and rsaC.  

All four genes were downregulated in a time-dependent manner. The highest 
downregulation of gene expression occurred after 15 min of blue light exposure in psmα and 
rsp, respectively. These genes are responsible for lytic activity against mammalian cells and 
triggering cutaneous inflammation and their downregulation would decrease the virulence of 
the bacteria. 
 
1. Stankovic, N. K., et al. "Antibacterial and antibiofouling properties of light triggered 

fluorescent hydrophobic carbon quantum dots Langmuir–Blodgett thin films." ACS Sus 
Chem Eng 6.3 (2018): 4154-4163. 
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Polymer-based nanocomposites have been the focus of great attention due to their 

excellent drug delivery properties, which reduce the toxicity and improve function compared 
to the systemic administration. However, the use of these nanomaterials in the treatment of 
metabolic diseases has been limited. As a promising nanocarrier, upconverting nanoparticles 
(UCNPs), converting NIR light into UV/Vis radiation, offer unique opportunity for new 
treatments of diabetes, the leading cause of premature mortality worldwide. UCNPs can also 
improve the biodistribution of systemically administered drugs and combine therapy and 
imaging. Liraglutide (LGL) is a glucagon-like peptide-1 analogue, an incretin hormone 
approved by the U.S. Food and Drug Administration with important effects on blood glucose 
control and body weight regulation, improving therapeutic efficacy in patients with type-2 
diabetes. This cell-targeting peptide is highly expressed in pancreatic cells and is considered 
as a promising targeting agent for delivering theranostic agents to pancreatic β-cells. 
Consequently, the combination of LGL with UCNPs enables precise delivery to the pancreas 
and provides in vivo monitoring of cells transplantation in early stages to detect islet graft 
rejection. 

Here, core-shell (CS) NaYF4:Yb,Er,Fe@NaYF4:Nd UCNPs were successfully 
synthesized and coated with biocompatible poly(methyl vinyl ether‐alt‐maleic acid) 
[PMVEMA] polymer. The spherical UCNPs were monodisperse with a diameter of 35 nm. 
The incorporation of transition metal Fe2+ ions (5 mol.%) into the particles significantly 
influenced luminescence properties under 808 and 980 nm excitation. The hydrophilic 
PMVEMA coating rendered CS-UCNP@PMVEMA particles highly colloidally and 
chemically stable. A clinically used LGL was covalently conjugated to the surface of CS-
UCNPs by nucleophilic acyl substitution between terminal amino groups of LGL and 
carboxyl groups of PMVEMA. The biocompatibility of CS-UCNPs was tested on INS-1E rat 
insulinoma cells, serving as a useful model for regulation of insulin secretion and 
investigation of pancreatic β-cells. Intramuscular injection of CS-UCNP@PMVEMA-LGL 
nanoparticles proved to be successful for specific targeting of pancreatic β-cells, which is 
urgently needed in diabetology. 
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Over the last three decades an incredible effort has been made to suppress non-specific 

adsorption of proteins onto surfaces that are brought into contact with biological media.1 
Despite the significant advances that have been accomplished in surface modification 
strategies, a simple and controlled yet reliable technique allowing fabrication of antifouling 
surfaces is missing. In this study we demonstrate a rapid and straightforward approach relying 
on interface-mediated (RAFT) polymerization (IM-RAFT) to fabricate poly(HPMAm) 
brushes that has been shown by several authors to prevent protein fouling even from undiluted 
blood plasma. Our approach enables precise control over brush growth, reaching thickness up 
to 72 nm within a remarkably short timeframe of just 4 hours. The high level of control was 
achieved by assessing crucial polymerization parameters with a specific emphasis on the 
immobilization of the RAFT agent onto the surface and the subsequent polymerization 
procedure. The selection and addition of the appropriate sacrificial chain transfer agent (CTA) 
into the polymerization solution significantly influenced the outcomes, furthermore, its 
solubility has a substantial impact on the polymerization process. This work provides a 
guideline allowing simple and rapid fabrication of poly(HPMAm) brushes in a well-
controlled manner through IM-RAFT. Simultaneously, the approach presented herein offers a 
promising solution for the rapid advancement in the field of antifouling coatings on 
biomedical devices. This addresses challenges related to protein adsorption in complex 
biological environments, providing a straightforward alternative to currently used PEG-
coating biomedical materials. 

1. B. D. Ratner and S. J. Bryant, “Biomaterials: where we have been and where we are 
going” Annu. Rev. Biomed. Eng., vol. 6, pp. 41-75, 2004. 
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Biodegradable polymers are currently a major topic in the field of plastics. Much 

attention is paid to research and improvement of their properties. They are used in various 
industrial areas, e.g., agriculture, pharmaceutical industry, cosmetics, food industry and 
gastronomy, as well as in the engineering and automotive industries. 
Our research was focused on the preparation of cast films based on PLA/PHB biopolymer 
Nonoilen mass dyed with food pigments (FP) Caramel-E150d, Chlorophyll-E141 and 
Carmine-E120. The Plasticizers laboratory line with an extruder’s screw diameter of 18 mm 
and a slot width of 48 mm was used for research. Temperature settings of the extruder and die 
head, extruder load, screw speed of the extruder and speed of the cooled godets were 
monitored. The cast films were prepared from a mixture of Nonoilen and 3% masterbatches 
on the Nonoilen base containing food pigments. 
By researching the process conditions, it was found that at an extruder temperature setting of 
150°C and a die head of 160°C, it is possible to prepare Nonoilen film - standard. When the 
film is warm, it is flexible and has the properties of a stretch film. This state is not permanent 
and when the film cools off, it becomes hard and brittle. When the film is warm, it sticks 
together. 

Subsequently, research was carried out on the process conditions of cast films with a 
content of 0.1; 0.5; 1.0 and 1.5 wt.% FP in films. Process temperatures for the preparation of 
films containing pigment E150d were the same as for the standard. With the increasing 
content of pigment E150d in the Nonoilen matrix, the screw speed of the extruder increased 
slightly. The use of pigment E141 resulted in a reduction of temperatures by about 10°C 
compared to the temperature of the standard and subsequent technology adjustment. The 
preparation of the cast film with a mixture of Nonoilen and masterbatch containing pigment 
E120 was the worst. It was possible to obtain only films with a low pigment content of 0.1 
wt.% and 0.5 wt.%. At a higher concentration of 1.0 wt.% pigment E120, a thick and 
deformed film was obtained. In case of the food pigments E150d and E120, insufficient 
dispersion of pigment particles was noted at higher concentration levels. 

Acknowledgment: This work was supported by the Slovak Research and Development Agency under 
the contract No. APVV-21-0172. 
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Siloxane polymers are attracting a great interest in materials research due to their unique 

physicochemical properties, such as high thermal stability, durability, and environmental 
friendliness [1]. An example of a compound belonging to this group is polymethyl-
hydrosiloxane (PMHS), which contains Si-H bonds in its structure. These bonds are prone to 
various chemical reactions, including hydrosilylation. This process is a catalytic addition of 
Si-H to multiple bonds, which, in the case of >C=C< bonds leads to the formation of new Si-
C bonds. In particular, PMHS can undergo hydrosilylative cross-linking in high internal phase 
emulsions (HIPEs), where the internal phase constitutes at least 74% by volume. Such cross-
linking results in the formation of polyHIPEs, a specific type of porous polymer materials [2]. 
In case of an excess of Si-H groups, further enhancement of these materials' functionality may 
be achieved by hydrosilylation using N-allylamines. This modification broadens the potential 
applications of polyHIPE materials. By incorporating organic functionalities containing 
nitrogen atoms, polyHIPEs may acquire antimicrobial properties, effectively combating 
bacterial growth and contamination. This additional feature enhances their suitability for use 
in biomedical devices, environmental applications, and other areas requiring antimicrobial 
materials. 

In this work, polyHIPEs were obtained by crosslinking of PMHS with two 
vinylsiloxanes: 1,3-divinyl-1,3-tetramethyldisiloxane and 1,3,5,7-tetravinyl-1,3,5,7-
tetramethylcyclotetrasilo-xane in a water-in-oil HIPE. The obtained materials were then 
functionalized with a heterocyclic amine, N-allylpiperidine (Nap). Additionally, an attempt 
was made to quaternize the obtained materials using benzyl chloride (BnCl) and octyl 
bromide (OcBr). In order to better characterize porous materials, their non-porous 
counterparts were also synthesized. The obtained materials were studied by scanning electron 
microscopy (SEM), Fourier-transform infrared spectroscopy (FTIR), 29Si Magic Angle 
Spinning Nuclear Magnetic Resonance (29Si MAS-NMR) and combustion elemental analysis. 
Degrees of swelling and helium densities of the obtained materials were also determined. 
Porosity degrees were calculated for porous materials. 
 
1. J. E. Mark, D. W. Schaefer, and G. Lin, The Polysiloxanes, 1st ed. Oxford University 

Press, 2015. 
2. M. S. Silverstein, "PolyHIPEs: Recent advances in emulsion-templated porous polymers," 

Prog. Polym. Sci. 2014, 39, 199-234. 
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Block copolymers are intensively studied for their versatility and wide range of 

applications, having the ability to form different structures from vesicles to micelles, and 
aggregates1. Among these, multicompartment micelles with a compartmentalized core offer 
interesting opportunities for drug delivery, such as concurrent delivery of incompatible agents 
to the same target. Despite the extensive research done on polymeric micelles1, delivery of 
drugs in multicompartment carriers remains less explored. 

To achieve a well-tuned multicompartment drug delivery systems (DDS), it is important 
to understand the structural intricacies of these systems and the dynamic changes within the 
micelles upon drug encapsulation. Solid-state and solution NMR, combined with PXRD and 
SEM, provide a useful toolbox for a thorough analysis of different polymeric DDS. The 
current work employs these methods to analyze concentration-dependent and thermo-
responsive bi- and terpolymer micelles, for small molecule encapsulation (Figure 1). The 
micelles consist of methoxy poly(ethylene oxide) as the hydrophilic block, poly(butyl 
acrylate) as the hydrophobic middle block and poly(N-isopropylacrylamide) as the thermo-
responsive block in case of terpolymers2,3. The investigation goes beyond their morphology 
such as shape and size, by probing more subtle characteristics – chain mobilities, interchain 
contacts and compartment composition. Moreover, the effects of drug loading are to be 
investigated in near future, to elucidate the polymer-drug interactions. 

1. S. Kotta, H. M. Aldawsari, S. M. Badr-Eldin, A. B. Nair, and K. Yt, "Progress in Polymeric 
Micelles for Drug Delivery Applications," (in eng), Pharmaceutics, vol. 14, no. 8, 2022 

2. A. Walther, C. Barner-Kowollik, and A. H. E. Müller, "Mixed, Multicompartment, or Janus 
Micelles? A Systematic Study of Thermoresponsive Bis-Hydrophilic Block Terpolymers," 
Langmuir, vol. 26, no. 14, pp. 12237-12246, 2010 

3. P. D. Petrov, M. Drechsler, and A. H. E. Müller, "Self-Assembly of Asymmetric 
Poly(ethylene oxide)-block-Poly(n-butyl acrylate) Diblock Copolymers in Aqueous Media 
to Unexpected Morphologies," J. Phys. Chem. B, vol. 113, no. 13, pp. 4218-4225, 2009 

 
Figure 1 Possible structures and drug encapsulation of bi- and terpolymer multicompartment micelles. ΔC 

denotes the concentration dependence, ΔT the temperature dependence. 
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