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Dear colleagues from Romania and abroad

It is our pleasure to invite you to attend at thd” Z@lition of the Progress in Organic and
Macromolecular Compounds Conference, MACRO lasi 2023, a traditional event organized by the
Petru Poni Institute of Macromolecular Chemistry, between 4 and 6 October 2023, in lasi.

The Conference addresses polymer arghnic chemists and physicists from academia, research
institutes and industry, being intended as a dynamic platform for the presentation and sharing of
their research and ideas.

MACRO lasi 2023 gives a broad overview of major topics in organic and polggnthesis and
physics, multifunctional polymeric architectures, engineering of polymeric materials and their
applications.

Best wishes for a professionally rewarding conference!

Valeria HARABAGIU and Bogdan C. SIMIONESCU

Chairpersons of MACRO lasi 282
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INVITED LECTURE RS

Aatto lImari LAAKSONEN

PhD: Theoretical Chemistry, Stockholm University (SU), Arrher
Laboratory 1981.

Docent (habilitation): Physical Chemistry SU 1984.

Postdoctoral fellow: Daresbury Laboratory UK, 1982, IBM Laboratory U.
19831985.

Sen. Lecturer: Physical Chemistry SU 19999.

Full Professor: Physical Chemistry SU 268@@sent.

Sabbaticals: Dalhousie University (Canada) 1993 1995, JAERI (Japar
2002, 2005.

Vi i’ Guest Professor: University of Cagliari (Italy), Nanyang M ddniversity
(Slngapore),lllm University (China), University of Sao Paulo (Brazil), Nanjing Tech (Chibajga
University of Technology, Uppsala University Angstrom Laboratd®yellenbosch Institute o
Advanced Study (South Africa).

ERA Chair: Petru Ra Institute of Macromolecular Chemistry.
Research interests: In silico modelling in materials science, biopharma and green cl
engineering.

Olya STOILOVA is professomof macromolecular chemistry at the Institute of Polymers, Bulgs
Academy of Sciences (IBAS). Since 2013 until 2021 she was electec
scientific secretary of Nanosciences, new materials and technologies Re
division of the Bulgarian Academy of ®oces and was a member of t
Governing council of the Academy. Her expertise covers design of h
materials based on natural and synthetic polymers (gels, films, nanopai
electrospun materials), development of polymeric materials with defingdc
desirable properties, and controlled structure for a wide range of applidat
biomedicine, water purification, environmental protection, agriculture,
She is leading researcher in polyelectrolyte complexes, as well fabricat
/ fibrous polymeré materials by electrospinning, their characterization

“ possible applications. She has published more than 40 research pape
over of 950 citations, khdex 19. She is a eauthor of one chapter in book and one interac
vocational training toolin the field of Food Industry. She is a project leader and participant of
than 25 national and international research projects and is the inventor of 1 utility model and 1
Since 2021, she is heading the Polymeric Biomaterials Departmemt @ BAS, which is focusing
on the development of novel biocompatible and biodegradable polymeric materials, pc
inorganic hybrid nanoparticles and nanocomposites, and design of biomaterials for t
applications

Rénato FROIDEVAUX is full professor of biocatalysis at Lille University in France. He lieading
the team « Biotransformation, biocatalysis and enzyme » in the BioEcc
Joint CrossBorder Research Unit. His research concerns enzyr
biocatalysis (homogeneous and hetermpus) applied to hydrolysis of agr
food proteins for obtaining bioactive peptides, enzymatic biocatalysis af
to the valorization of lignin for obtaining biobased aromatics. More rece
he developed the concept of "hybrid catalysis" which cangiftcombining
chemical catalysis and enzymatic biocatalysis for biomass valorization.
interdisciplinary concept involves the search for new enzymes, the sear
compatible reaction conditions between (bio)catalysts and the developm
different types of reactors (orgot one step, twpots onestep) and Multi
Catalytic Hybrid Materials (also called MMCH) for heterogene:
(bio)catalysis. Author and eauthor of more than 50 articles mostly in JCR, 3 book chapters ¢
patents. Total citationdraost 800 (WoS), H Index 16. He is a project leader and participant of
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than 25 national and international research projects. He is responsible of an Industrial Chair
Charles Viollette », financed by the European Metropole of Lille and theetsiiy of Lille. This
chair brings together academic partners from Lille and Canada (INAF in Quebec) and int
partners in the development of -pooducts from the agricultural and agomd industries by
biotechnological tools for the production abactive molecules for animal, human nutrition and pl
health. He was a lecturer in enzyme biocatalysis from 2004 to 2009 in the Ramamian Master":
"Bioprocesses in the Agrifood field" between Al. I. Cuza University of lasi and Lille Universéw,
director of this master's until 2013. Currently, he works with the Technical Univé&biprghe
Asachi of lasi (Dr Alexandra BLAGA) for the implementation of a double master'degre
(bio)chemical engineering

Alexander BISMARCK research group, thieolymer & Composite Engineering (PaCE) Group, i
multi-disciplinary team with research interests in the manufacture
characterisation of fibre reinforced high performance (nano) compo
porous materials and hydrogels. The group focuses on thedogewent of
¥ renewable materials, biomaterials for applications in tissue engine
composite supetapacitors and emulsion templating for the synthesis
porous polymers (so called polymerisable High Internal Phase Emul
(polyHIPES)). Furthermorehe group is interested in the social dimension:
materials research. He is also affiliated member of The Composite Cer
Imperial College London and visiting professor of the Departmen
@ Chemical Engineering

Daniel B. WERZ recelved a BS in chesitry at Heidelberg University, Germany, in 1997, a dlp|0
in 2000, and a Ph.D. in organic chemistry from Heidelberg University in :
with Rolf Gleiter. Following his doctoral studies, he was a Postdoc
Fellow with Peter H. Seeberger at ETH Zuri@witzerland. In Decembe
2006 he joined Gottingen University as an Assistant Professor. In 20
took the position of an Associate Professor at the University of Braunsch
in 2018 he was promoted at the same university to Full Professor. In 2C
moved to the University of Freiburg. His main research interests includ
development of novel efficient methods for the synthesis of hetand
carbocyclic compounds (e.g. by cyclopropane chemistry, cascade rec
and Pd catalysis). In addition, I interested in carbohydrates, glycolipi
and fluorescent dyesHis awards include inter alia an Emmy Noetl
Fell owship of the German Research Foundat:i
of the Fund of Chemical Industry, the ORCHEM Adiaa JSPS Visiting Professorship in Japan,
an ERC Consolidator Grant. Since 2017 he has been Distinguished Visiting Professor at
Bombay, in 2018 he has become Visiting Scholar at Tel Aviv University in Israel

Anne LADEGAARD SKOV is a professor of polymer technology at DTU in Denmark anc
heading the Danish Polymer Centre. She is a wedding expert in silicone
elastomer synthesis, characterization, and utilization. Her main focus
making artificial muscles via dielectric etamers. She has published mc
than 160 publications and has been granted 13 patent families.

Ladegaard Skov is active in building bridges between research and in
and has taken a sabbatical leave in 2021 to focus on creating the co
Glysious She is furthermore cofounder of another 3 companies that are
spun out or still in the incubator environment. Anne Ladegaard Sko\
received multiple prizes for her work, including the ERtrsk award in 2022
granted by the Danish Ministry dfigher Education and Science, and f
Grundfos Prize in 2022, regarded as one of the most prestigious pri:
Denmark for technical research
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Piotr RYCHTER isr esear cher and wuniversity teache
Faculty of Sciene and Technology, Department of Biochemist
Biotechnology and Ecotoxicology. Position: associate professor. Res
topic focuses on environmental and health aspects of biodegradabl
biocompatible polymers including biodegradation, controlled releystem
of agrochemicals. Participated in several national and international scie
projects mostly related to environmental and tmeatipects of biodegradab
and biocompatible polymers. Awarded four medals (three gold and one ¢
for the invenions at national and international invention shows in Wars
_ Bangkok, Hong Kong. Participant of numerous international and nat
~ conferences. Participant of three research internships: Centre of Polym
Carbon Materials Polish Academy of 8uies,Zabrze Poland, Institute ¢
Polymers of Slovak and Bulgarian Academy of Sciences. Several delivered lectures wit
Erasmus programme at various Universities in Europe like Cagliari University, University of Pe
Joseph Fourier University in GreneblCentre of Polymer Systems, Thomas Bata University (Z
Czech Republic), Polymer Institute of Slovak Academy of Sciences. Author aaugttear of more
than 70 articles mostly in JCR. Total citations almost 700 (WoS), H Index 12. From 2021 r
Interdisciplinary Science and Research Centre at Jan Dlugosz University in Czestochowa
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INSILICOSTUDI ES OF NATUREG6S HI ERARCHI CAL CR

Aatto limari Laaksonen®***

'Department of Materials and Environmental Chemistry, Arrhenius Laboratory,
Stockholm University, Stockholm, Sweden
?Centre of Advanced Research in Bionanoconjugates and Biopolymers,
Petru Poni Institute of Macromolecular Chemistry, Romanian Acadkesiy Romania
3State Key Laboratory of Material@riented and Chemical Engineering,
Nanjing Tech University, Nanjing, P. R. China
“Department of Engineering Sciences and Mathematics, Division of Energy Science,
Luled University of Technology, Luled, Serd
*aatto@mmk.su.se

1. Introduction

Nature is the most brilliant engineer, creating many of its magnificent structures hierarchically.
Nature also uses composite solutions by mixing soft and hard to make the matter strong and this
way be able to dissipatenergy, become mechanically resistant and prevent cracks. Most
importantly, this also allows the structures to continue to grow successively when needed. Our
bones and skin are typical examples, while all plants and trees manifest the idea perfetty. All
above structures start from molecules and from there starts even the underlying hierarchy.

In this talk we study hierarchical structures on molecular level. We appgly-laousemultiscale
modelling methodology based on hierarchical successive egaaiéng. We utilizeinverse
problem solvingo compute the molecular models and corresponding interactions from results of
detailed lower order systems of high resolution. This hierarchical egeageng and super coarse
graining allow us to study sucsvely larger and larger structures this way connecting long length
scales. Examples are given of modelling genetic materials.

We demonstrate tham silico hierarchical multiscale modelling is an ideal tool to learn molecular
architectures from Natur@he work is an example of activities in the current ERA Chair project

iBi oMat lhGilkkGTabor atory for Complex and Smart Bi o
of Macromolecular Chemistry. BioMat4CAST has its goals set high to closely integrate atlvance
experimental studies and next generation of molecular modelling.

2. Inverse problem solving

Science uses systematic methods to explore unknowns, make predictions, and verify results. The
most common approach is solving "forward problems" using matheahatiodels to understand

and control phenomena. In some cases, these solutions can be '"reversed" to solve "inverse
problems," helping us trace back to the original cause of events.

Inverse problensolving is not new; it's prevalent in fields like physi@ngineering, and
increasingly in chemistry due to growing data and advanced computing [1,2]. For example, by
knowing certain key material properties allows scientists to work backward to find the molecules
and synthesis methods needed.
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3. Models and mehods

We present a method that uses inverse problems to develop accurate computational models for
studying interactions between particles. This method starts by taking data on how particles are
distributed in space, either from computer simulations orwedd experiments. It then reverses

this data to uniquely determine the forces acting between the particles [3].

To go into more detail, our method allows us to build a féield that accounts for the effects of a
surrounding fluid (solvent). It also offees systematic approach for creating models that work at
multiple scales, from the level of individual atoms all the way up to larger structures. This multi
scale approach is built through a stspstep simplification process known as 'successive coarse
graining. We provide several examples to demonstrate that this method can be broadly applied to
various situations [4,5].

4. Concluding remarks

Spatial multiscale modelling by utilizing inverse problem solving through successive hierarchical
coarsegrainingis an ideal method to study structures created by Nature from cellulose and human
skin to packing of genomes. Currently it requires yeked systems to reverse the causality and
extensive amounts of computing time for large macromolecular systems. @exvetepments in
machine learning techniqued] will make to a powerful bottorup tool together with advanced
top-down experimental technigues.

Acknowledgements

European Unionés Horizon Europe research and ir
101086667, project BioMat4CAST.
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ADVANCED ELECTROSPUN MATERIALS:
FROM DESIGN TO PROSPECTIVE APPLICATIONS

Olya Stoilova*
Laboratory of Bioactive Polymers, Institute of Polymers,
Bulgarian Academy dbciences, Sofia, Bulgaria
*stoilova@polymer.bas.bg

1. Introduction

Electrospinning is an electrohydrodynamic process in which fibers with diameters in the nanometer
range are created by electrostatic spinning from polymer solutions or melts. Nowadays,
electrospinning has drawn a great attention as the only technique for simple, inexpensive and
effective fabrication of new generation of polymeric materials (the sol | ed A mat so) . I r
electrospinning allows production of mats in different configarst and assemblies. Moreover,

the prepared materials have unique properties like extremely high surface area, lightness and
porosity.

Nevertheless, more studies are required to fabricate targeted electrospun materials with desired
design, morphology andontrollable properties relevant to prospective applications. The article
give an overviewon the most recent approaches and innovative methods for fabrication of versatile
electrospun hybrid materials with targeted design, as wahabaracterizationfats morphology

and properties. Special attention will be paid to variety of possible applications of the fabricated
mats designed for photocatalytic water purification from organic pollutants, for tissue engineering
as compatible with human mesenchyntahs cells scaffolds, for enzyme immobilization and for

plant protection in agriculture.

2. Results and discussion

Several types of electrospun polymeriorganic materials based on biocompatible and
biodegradable poly(Bydroxybutyrate) (PHB) or celluloss#cetate, nanoparticles from iron oxide
(F&0,), titanium dioxide (TiQ) or commercially available nanoclays (NCs), and chitosan
oligosaccharides (COS) were prepared by combining electrospinning, electrospraying, coating and
coaxial electrospinning1-5]. In this manner targeted design of the fabricated hybrid polymer
materials was achieved. The new materials exhibit magnetic and photocatalytic properties, and
enhanced adsorption ability.

Electrospinning of a polymer and nanoparticles (NPs) or NCs mixtasedted in the preparation

of hybrid fibr oimbs. nTahteer $ aimg | ttaynpeeo u & el ectrosp
el ectrospraying of NPs diepemat emisall ®ed Tle ffaibxii
polymer fibers took place during eledtpraying, because COS were added directly to the NPs
dispersion. Another approach for NPs fixing is by dip coating of electrospun fibers into NPs

di spersiamabd) (t yTfphee ficombi ned el ectrospinning of
electrospraying of a Rs di spersion resulted inond tthyep ef a blrhiucs
combining the methods of electrospinning and electrospraying enable the preparation of hybrid
materials with a purposefully modified surface pattern. In addition, simultaneousgbeating of

NPs dispersion and coaxial electrospinning allowed-sbep fabrication of hybrid fibrous

materials, composed of cohell fibers, decorated with NPs (Figure 1).
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Figure 1. Types of thdabricated electrospun polymeiilworganic materials.

It was shown that depending on the disposition of the nanopaitittesi t he sur face of
fini t he bul k ofi the & uibié atsheeoafn b e s, t heanr phot
be successfully controlled and modulated. Thus, the proper combining of electrospinning and
electrospraying enables the fabrication of hybrid materials of different design with purposefully
selected properties for a variety of applications.

Surface magohology of the electrospun materials was observed by scanning electron microscopy
(SEM). As seen, the fibrous PHB mats obtained by electrospinning are composed of uniform and
defectf r ee fi bers (Figure 2), vind i df eylindritakfibesslwithc t r 0o s p |
thicker parts along their length. This specific surface morphology is due tosBedrel TiQ NPs

incorporated into the fibers, part of which probably aggregate during electrospinning. In contrast to

them, hybrid fibrous materials pye ondi, prepared by simultaneous
electrospinning, consist of fibers with rough and decorated with NPs surface (Figure 2).

It is notable that the TiEonanoparticles are relatively uniformly distributed along the length of the

fibers faming aggregates. A significant enrichment of the surface of the mats with NPs was
achieved in the aabs e porfe pnaarteedr ibayl sd itpy pceo afit i ng. I
fiin-ono , the formation of | ar ger siaagbgervedgThis easa beon t h
attributed to the presence of COS, as well as of the two types of NPs in the dispersion.

ficoad flon-ind ficore/shelond

Figure 2. SEM micrographs of electrospun: PHB; HiD-PHB; TiO,-on-PHB; TiO,-coatPHB;
TiOz-on(FeO4-in-PHB); TiO,-on-core (PVA/FgO,)/shell (PHB/PCL)
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Novel hybrid fibrous materials having a surface purposefully decorated with nBi@particles
display excellent stability and preserve almost completely their photocatalytic activity after
threefold use under UV light irradiation in the presence of a model organic pollutant. Moreover,
they exhibit high bactericidal activity agairistcoli and complete inhibition of fungal growth Bf
chlamydospora

In addition, the fibrous scaffolds are compatible with human mesenchymal stem cells and provide a
favorable environment for their development. Notably, the type of the nanoclay stirdhgiynced

the adsorption ability of hybrid fibrous materials toward Cr(VI) ions and MB @y results
indicated that the novel multifunctional hybrid fiborous materials are promising scaffolds for the
regenerative medicine and tissue engineering, asasdtbr use in water and air purification from
organic pollutants.
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1. Introduction

The use of biomass as a raw material is particularly attractive as a potentially competitive strategy
to overcome the scarcity of fossil fuels and try to minimize the negative environmental impact
associated with their use. Indeed, biomass is the maicesafirrenewable carbon and usable to
obtain chemical intermediates. Nevertheless, the transformation of highly functionalized molecules
from biomass requires a renewal of the knowledge acquired during the implementation of existing
petrochemical processe3hus, the concept of biefinery is currently the focus of many
international studies. The conversion of biomass in these new production units requires the design
of new processes and the control of these new chemical transformations marking industrial
renewal. The combination of biological catalysis and chemical catalysis, called "hybrid catalysis",
is part of these new concepts that can meet the emerging challenges posed by the biomass
valorization to produce platform molecules which could be usedtesitsiie for synthesis of foed

grades polymers, for cosmetic applications, etc [1].

In this context, | presented two examples developed between UMRtBioEcoAgro for enzyme
biocatalysis and UCCS for heterogeneous catalysis: an innovative hybrid proceggdswoestep

for obtaining 5hydroxymethylfurfural (SHMF) from D-glucose, and a ongot onestep hybrid
process which allows a direct conversion 6fidF into AMFC (5-aminomethyl2-furancarboxylic

acid), combining immobilized transaminase and heterogeneatalyst.

2. Experimental

Concerning the first example, the compatibility issues related to the coupling of-ghedse
isomerization enzyme and the chemical dehydration catalyst have been solved by the
implementation of a liquid membrane carrying ivéructose. A hybrid catalysis process was then

i mpl emented in a spectralalcyt od@&s i ¢ginhe d iprrnoocveastsi vn
remove the lock related to the compatibility of the operating conditions and to exceed the vyield
limitation relatel to the thermodynamic equilibrium of the isomerization reaction, theoretically

about 50%. Concerning the second example, the process includes an intermediate reaction product
which is Baminomethy2-methylalcohol furfural (HMFA) obtained through the aati of
transaminase onto the aldehyde moiety of the HMF. The remaining alcohol function is then
oxidized into carboxylic acid by the heterogeneous catalyst.
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3. Results and discussion

The 5HMF production ask for the glucose isomerization into fructose and the fructose dehydration
to 5HMF. This original catalysis coupling process allows to shift the thermodynamic equilibrium
of the glucose enzymatic isomerization reaction, theoretieddbut 50%, by the integration of a
simultaneous chemocatalytic fructose dehydrat@®HMF (Figure 1) [1] in a hybrid catalysis
process idhwo s pweg2y2,3(. Fi

|Nh|i‘npuq|no|.utlmurphu| | Organic phase H IAnl:llnnqmn.-msM-upI-n |
Enzymatlc Chemlcal /\<J/\
HO
Hoﬁ/ Catalysns HO OH Catalv5|s i \ Mo AM o A‘}BioH Q HO/\Q?/\\O
5-HMF
D-Glu D-Fru S-HMF DO 30~
HO HO \_ o o
. . . \ o OH ;B—Qu X 74_ . HO o o
Figure 1. Reaction scheme of the hybric k/—« “ I o m
cataysis process for the glucose e ) o @ N e
. ructose 4 Ho ¥
transformation. Ho Yoy Dt

Figure 2. Hybrid catalysis concept developec
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. . extraction yield, dehydration yield and D
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glucose conversion.
A AHkactoro was developed specifically for t he

conversion of Bglucose tb-HMF (Figure 3). This reactor is made up of two cylindrical chambers
linked by a tubing connection whose length can be modified (all in glass and temperature
controlled). The left chamber contains the agueous donor phase in which the glucose isomerization
occurs using an immobilized glucose isomerase introduced in an agitation basket (phase 1). The
formed Dfructose is extracted from the aqueous donor phase by formation of a fructoboronate
complex [DFru-DCPBA] to the organic phase (phase 2). The orgamise is circulating between

the two chambers. The-fbuctose is then released into the agueous receiving phase (phase 3). In
this aqueous phase thefiictose dehydration reaction is realized [3]. Thdrixtose extraction

yield increases during the expaant to reach 96.8% after 3@Rigure4). Theisomerization yield
increases to reach 79.1% after 32h. THANBF yield increases to reach 30.9% after 32h. The
calculation of the glucose conversion after 32h results in 87.7%. Isomerization-glddde
conwersion have not changed since 32h. The extraction yield of 96.8% after 32h demonstrates an
efficient D-fructose transport in the reactor. The isomerization yield of 79.1% highlights an
isomerization equilibrium shift of 29% due to the simultaneoufsubtose extraction from the
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aqueous donor phase. The dehydration yield of 30.9% after 32h validates the feasibilitiBf 5
production by hybrid catalysis process in theddctor [4].
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Figure 5. Hybrid catalytic processes for AMFC synthesis and amidation

Corcerning the second example, we recently proposed the synthesis of AMFC directly from HMF
using a hybrid on@ot/two-step process combining a platinum nanoparticle and a transaminase,
both immobilized on silicbeads (Figre5) [5]. This process resulted in77% yield of the desired
product, with 100% conversion of HMF and only onepogduct, FDCA, another high value
compound. A ongot/onestep processs currently being developed using a newly discovered
thermostable transaminase. In addition, this tingbrid step has since been complemented by a
second step to obtain new amphiphilic molecules from AMFC, to target the production of
innovative surfactants. The idea was to be able to graft aliphatic chains onto the amine function
through the formation ofn amide bond using sustainable catalysts and common alcohols. We
therefore developed a second hybrid route, this time combining a gold nanoparticle immobilized on
different supports to carry out the oxidation of the aliphatic alcohols into fatty acdsttér then

being coupled to the AMFC with the help of a CoA ligase, also thermostable. Here, 71% and 44%
of amide formation could be obtained after 64h with butanol and pentanol as starting material
respectively, in a onpot/two-step process. Notewosththe limiting step remains the enzymatic

one with 100% of alcohols to acids conversion. In addition to the overcoming of this bottleneck, a
fully integrated ongoot/onestep process is also currently being developed.
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FLUORESCENT DYES BY RATIONAL DESIGN AND
SERENDIPITOUS DISCOVERIES
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Abstract

The rich chemistry of the BODIPY motif, together with its beneficial photophysical properties, has
markedlyboosted the popularity of this udetendly fluorophore over the last few decad#g?].

The diversiy of easilyincorporated fluorescence modulation modes has set the stage for a variety
of sensorically active species.

The talk describes which physieadganic rationalization led to the development of the BOIMPY
motif showing a significant redhift with respect to the parent BODIHSE,4]. In addition, a simple
synthetic route tmligomerized ethantinked BODIPYs (up to an octamer) is presented which can
be further oxidized to hugeompletely conjugated systems,6]. Photophysical properties and
biological properties are discusseddxperimental and theoretical medik

It is shown that the suprastructure of the oligomeric dyes plagigrdficant role for their
absorption and emission properties and that the conjugated systems are inteéxéRting
fluorophores
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ARTIFICIAL MUSCLES FROM BUNDLES OF SILICONE -BASED
DIELECTRIC ELASTOMER FIBERS

Anne Ladegaard Skov,* Zhaoqing Kang, Liywun Yu
Technical University of Denmark, Department of Chemical and Biochemical Engineering,
Danish PolymecCenter, Kgs. Lyngby, Denmark
*al@kt.dtu.dk

1. Introduction

Siliconebased fibers are highly flexible and can respond to external stimuli and thereby mimic
natural muscles. When integrated into soft robotic systems, these fibers can formlikescle
structures that can closely replicate the functions of biological muscles, thus making them one of
the most promising materials for artificial musclgég2]. Moreover, their versatility allows for easy
bundling, facilitating the design of actuator systerpable of generating substantial output forces.
This opens exciting possibilities for advanced robotic systems and flexible devices requiring
powerful actuation3,4]. In this study, we utilized a spinning process and a photocurableestigol

based silicae resin to fabricate silicone hollow fibers. These fibers were then employed to
construct fiber actuators, using an ionic liquid as the inner electrode and an ionogel as the outer
electrode. The resulting fiber actuators demonstrate significant linaansstr

2. Experimental

Mercaptopropyl PDMS (SM®42, Mn = 60088000 g/mol) and vinyterminated PDMS (DMS

V31, Mn = 28000 g/mol) were purchased from Gelestethy}t3-methylimidazolium
bis(trifluoromethylsulfonyl)imide ([Emim][TFSI]), 2 Alimethoxy2-phenyacetophenone

(DMPA), 2-ethyl-1-hexanol were purchased from Sigikrich. A t einel PDMS f or mul a
was selected as a spinning solution to prepare
and rapid gelation. Aseaertinon-dHhgoubep  ,addcd ttd
bonds (C=C) to form an alkyl sul fide.
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Figure 1. Thiol-ene click reaction to prepare PDMS fibers.

Figure 2a shows the preparation of PDMS fiber by the spinning method cured uniteadiation

( = = 36 Ssurmemergy ® 30p mW/cmionic liquid [Emim][TFSI] was injected and sealed

in the hollow fiber as the inner electrode. After that, the PDMS fiber was coated with an ionogel
with 75% [Emim][TFSI] as the outer electrode of the fiber actuator. As showrgurd-Rb, the
ionogel is attached to the outside of the PDMS hollow fiber as the outer electrode with a uniform
thickness of 6 ¢&m.
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Figure 2. (a): Preparation of PDMS fiber by the coaxial spinning method,;
(b): Crosssection of hollow fiber with ionogeduter electrode.

3. Results and discussion

Figure 3a shows that PDMS solid and hollow fibers present approx. 5 times higher tensile strength
and strain at break compared to the film analagigure 3b it is shown that the fiber actuator

exhibits repeatable and stable linear actuation strain over 1000 cycles at different applied voltages.
As shown in Table 1, thi#ber actuatomas a maxi mum axi al strain

of
approx. 4fold higher than that of the planar actuator at the same electrical field.
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Yzo%stram 1 H__*_—-W
= 0,7 - P77 Tensile strength T - 700 4.0+
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Figure 3. (a): Tensile properties of film, solid and hollow fibers;
(b): Cyclic actuation of fiber actuator at different voltages.

Table 1. Actuation strain of planar and fibactuators.

Maximum strain Actuation str

Sample
P (%) %)
Planar actuator 4.5 2.3
Fiber actuator 9.0 9.0

We show the capability of bundling fiber actuators to increase the generated forces. For instance,
by winding a long fiber into 22 actuation segments, a high weightlifting capacity of 14 g is
achieved, accompanied by an actuation strain of approximatelyigUre 4a). Furthermore, when

the actuation segments are set separately, the fibers still achieve a 2 mm actuation displacement
(Figure 4b).
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4. Conclusions

In this work, we developed a continuous wet spinning method to prepare silicone fibers using a
photocurable thiekne reaction between sulfhydryl -&H) and alkene (C=C) groups. The
dimensions of the fibers are adjusted by mgdd the flow rate of the silicone layer and internal
removable solvent during the spinning process. The developed and optimized silicone fiber has an
external diameter of 463 um and uniform wall thickness of 78 um. The silicone fiber exhibits
enhanced tegile properties, with a 596 % strain at break and 0.64 MPa tensile strength, compared
to these of the planar film (86% strain at break and 0.14 MPa tensile strength). The fiber actuator is
then assembled by injecting ionic liquid as the core electrodedgndoating ionogel as the
electrical outer sheath. The fiber actuator exhibits a large linear strain of 9 % and repeatable and
stable linear actuation strain over 1000 cyclic actuation tests. Furthermore, the fiber actuator can be
assembled into bundley lwvinding a long fiber into a bunch for increased forces. Large actuation
displacement is achieved by increasing the length of the fiber actuator asisyatied by a human

arm, a weighlifting system with Lego models demonstrates the high potentihledfiber actuator

as artificial muscles. The work presented herein provides a pathway for creating active soft matter
with complex architectures to enable fast programmable actuation for multiple applications
including artificial muscle.
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ENVIR ONMENTAL ASPECTS OF POLYMERS AND POLYMER WASTES

Piotr Rychter*
Faculty of Science and Technology, Jan Dlugosz University in Czestochowa,
Czestochowa, Poland
*p.rychter@ujd.edu.pl

1. Introduction

Nowadays, the western world has experienced a rapid increase in both production and consumption
of plastics. Growing consumption of these microbial resist materials has further lead to increased
amounts of solid wastes. Lack of degradability and the dosirdandfill sites as well as growing

water and land pollution problems have led to the led concern about plastics. The growing global
environmental and social concern, high rate of depletion and the increasing cost of petroleum
resources, as well as nesmvironmental regulations have awakened the search for sustainable
alternatives. Conventional plastics have successfully replaced many other products made of metal
or glass over the years and have been used extensively in medical, domestic and industrial
applications. Traditional, nodegradable polymers are utilized in almost every manufacturing
industry in the world because of the favorable balance of mechanical, technological and cost
factors. Synthetic polymers are present in everyday life. They addrushortterm applications in

the form of disposable packaging, furniture, utensils or accessories, enhancing life quality and
comfort. During the past decades a wide variety of synthetic polymers have been developed by
industry to satisfy the increasimgarket demand. The widespread use of plastics and their slow rate
of degradation, and consequently long life in the environment, results in a serious pollution
problem especially in the leading industrialized countries.

A huge problem concerning the metls for the proper disposal of plastics exists for many years.
The cost of collecting and processing waste plastics typically exceeds the value of the material.
Plastic recycling is complicated and often uneconomical pro@eiss.this respect, it is exptad

that landfilling and harmful environmental impact of plastic wastes will be still crucial
environmental problem of many countries all over the world over the next years. Therefore there is
an urgent need to reuse polymers or at least try to substituteentional polymers with
biodegradable ones wherever it is possible. From few decades, biobased, biodegradable and
biocompatible polymers are in the phase of intensive study due to their nontoxicity against
environment and human body, therefore theirsksrild be the challenge all over the world in face

of worldwide plastic wastes contaminationqJL

In this work, environmental application of few polymers both biodegradable and not, like for
examplepoly(methyleneco-cyanoguanidine, selectgumblyethylenimines and hydrogels, PLA/PEG
blends, starch based films will be presented.

2. Results and discussion

In the present study few groups of polymers were tested towards their usefulness for environmental
and agricultural purposes. Starch based polymersifimddvith plasticizer urea, promoted the
growth of plants growing when buried in soil (Figure 1a).
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Poly(methyleneco-cyanoguanidine) (PMCG) buried in soll, released within 6 months, degradation
products which were nutrients for plants (Table 1). Incaictiresults were obtained during
phytotoxicity evaluation obelected polyethylenimines (PEIS) including potgtRyl2-oxazoline)
(PEtOx) as an Mcyhlsubstituted PEI, linear polyethylenimine (LPEI) and branched
polyethylenimine (BPEI)Blends of polylatide (PLA) with poly(ethylene glycol) (PEG) were very
promising as the carrier of Matribuzirsoil applied herbicide (Figure 2).

Impact of hydrogels: poly(acrylamideco-sodium 4hydroxy-2-methylenebutanoate), borate
crosslinked poly(vinyl alcohol), polgtrylamide), and poly(acrylamigm-sodium acrylate) on
water holding capacity of soil and plant growth demonstrated thabdsied superabsorbent,
(prepared from renewable monomer Tulipalin A) promoted growth of plants in contrast to PVA
based hydrogels (Figure 1b).

AM-SHMB 1:1

Figure 1. Photographs of a) plants growing 14 days in the presence of starch modified with
growing concentration of plasticizérurea; b) roots of oat with attached hydrogels during growth.

Table 1.Effect of PMCG on the shoot height and yield of radish sproutarfmesD)
determined after 14 days of growth in the soil containing different amounts of PMCG present in the
soil for a different period. Negative values mean that examined parameter was higher (promoted
growth) compared to the control plants.

PMCG (mg/kg of sail) 0 1 month 3 months 6 months
SHOOT HEIGHT (% compared to control plants)

20 -2.5+1.4 -10.2+0.2 -15.7+£1.7 -9.8+3.3
100 -4.0£0.0 -16.4+0.5 -22.8+0.7 -12.3+1
500 -4.1+0.3 -16.6+0.1 -22.6+0.6 -21.5+1.5
1000 -4.7+0.5 -6.2+0.2 -8.31+0.7 -15.3+0.4
2000 5.7+2.5 6.0+2.1 16.4+4.5 17.545.5

YIELD (% compared to control plants)

20 2.9+1.6 -4.1+1.9 -9.2+1.5 -13.5+0.5
100 -18.8+0.2 -6.010.1 -21.2+0.4 -12.3+1
500 -14.2+0.2 -27.6x£0.4 41.3+0.5 -44.0+0.3
1000 -25.3+0.9 -33.8+0.0 -53.310.4 -54.1+0.2
2000 18.4+1.0 17.7+1.8 23.0+2.4 12.0+2.5
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Figure 2. Curves of the release process of Metribuzin from PLA/PEG 50/50 blends
loaded with 10% and 20% of herbicide (10%H and 20%H, respectively) during the time of study:
(a) present percentage total releas®lefribuzin and (b) weekly release of Metribuzin expressed
as mg/g of polymer carrier (blend).

3. Conclusions

The following conclusion can be drawn from the work:

A Biodegradable polymers are very useful material for environmental/agricultural applications
(play role not only polymeric carrier of active agent, but also may be useful fertilizer as they
are)

A Some nonbiodegradable polymers may be reuse as fertilizer.

A Biobased hydrogels maye successfully used as anvironmentally friendly water reservoir
with soluble nutrients in arid and desert areas.
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1. Introduction

The lanthanide systems are a subject of enhanced interest and humerous studies with focus on their
magnetic properties, which are promising for the building of rsmade magnets. Due thea
intrinsic magnetic anisotropy, complexes of certain lanthanide ions became interesting for special
properties such as the single molecule magnet (SMM) phenomenon, as wedirthreased single

chain magnets (SCM) and single ion magnets (SIM) werertezhoThe variety of the SMM
systems, from largeidl clusters, to df binuclears [1] demonstrates the rather large generality of
the effect and the key role of the magnetic anisotropy on the lanthanide ions. We attempted the
rationalization of such factof@] defining our interest for systematic investigations in this area [3].
The complicate structungroperties relationships of lanthanides make their coordination chemistry

a challenging open field that offers case studies serving to draw new magoetaral
correlations or thumb rules for the supramolecular assembling. To be distinguished from prototypic
supramolecular chemistry, dealing with the packing of rather stable organitype dnolecular

units, the lanthanide complexes bring the issue ofre¢lestive floppiness of their own molecular
structure. This is due to the fact that the bonding of the coordination complexes is practically of
noncovalent, merely ionic, nature. Therefore, without the covalent type feature of directed bonds
the positionsof the ligands on the coordination sphere are more flexible, a feature favoring the
versatility during the supramolecular and lattice packing. Hereby we discuss in details several study
cases, trying to emphasize that the information drawn from the partstoucture and properties

can be used as a piece in the larger puzzle of lanthanide anisotropy paradigm. The compounds
contain different lanthanide coordination units as neutral [Es}@,0),] (in 1) or ionic as
[Er(NO3)4(H-,0),] (in 2) and [Er(NQ)s]* (in 3), stabilized by ecation complex units. In their
relative simplicity, the neutral or ionic coordination units of lanthanide ions are structurally and
magnetically interesting. The experimental investigation was completed with ab initio cafeulatio
done with stat®f-the-art methods for the lanthanide units embedded in a sequence taken from the
experimental structure.

2. Experimental

Synthesis: The synthesis and basic crystallographic data for the complexes
[Fe(bpca)][Er(NO3)3(H20)4]-NO3s-H,O (1) and [Fe(bpca)[Er(NOs)4(H0),] (2), where bpca is
bis(2pyridilcarbonyl)amine, were described in previous papers, dedicated to their magnetic
properties [4,5]. The synthesis of [Zn(phgiiBr(NOs)s] (3) was done by coupling reaction
between [Zn(pheg)NOs), and Er(NQ)s-6H,O. The compound was characterized by single
crystal Xray diffraction methodAb initio calculations The CASSCF (Complete Active Space
Self-Consistent Field) and spin orbit calculations were performed with the GAMESS program,
using SBKJC effective core potential and basis set for Er(lll) adtll&* basis set for the ligands.

The bonding in the model I(ll) complexes was analyzed by DFT calculations (Density
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Functional Theory) with ADF (Amsterdam Density Functional) code, using gradient corrected
Becké Perdew functional and the TZP basis set.

3. Results and discussion

The network of compoundl contairs distinct dcomplex cations and - assembled
[Er(NOs)3(H20)4] neutral units (Figre 1a). The norcoordinated nitrate ions play a role in the

hydrogen bond bridging of neighbor lanthanide complex units. The supramolecular architecture
association can beorrelated with the orientation of computed dipole moments of each unit,
considering their vectorial components (Higlb) Consi der i ng t he Er éEr sepa
around 7.7 A, one may estimate, with dipolar formulas, energies in a 0:2aoge,suggesting

that such effects can intervene in the intricate phenomena related with the magnetization relaxation.

An interesting view to the magnetic anisotropy was added with the help of the ab initio calculations
(Figurelc).

(0" In=837D
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b
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Figure 1. (a) The asymmeitr unit of compound) with atom numbering scheme;
(b) The electric dipolar ordering and hydrogen bonds for 1D assembled [B(N£D),] units in
(2); (c) The magnetization tensors for the ground states of the [BH{N@D),] units, obtained via
CASSCF+SO0 ab initio calculations including subsequently the modeling of magnetic field effects.

The system2) is a complex catidrcomplex anion type coordination compound, consisting of
distinct d and f units (Figre 2a), interlinkel by hydrogen bonds. Particularly, theype complex

anions are associated in dimers (Fig2b). The energy decomposition analyses based on DFT
calculations offered supplementary insight into the coordination effects at the lanthanide ions and
the hydrogn bond driven supramolecular association of the complex units. Special ab initio
procedures and subsequent modeling afforded the computation of anisotropic magnetization tensors
of the [Er(NQ)4(H20),] f-type units(Figure2c).
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Figure 2. (a) The asymmteic unit of compound2) with atom color scheme; (b) The hydrogen
bonded chain structure formed by [Er(NGH20).] units in €);(c) Magnetic anisotropy computed
for Er(Ill) coordination unit (after CASSCF+SO calculations), represented as the momentum
induced on the ion at external field.
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Compound 8) is also a complex catibnomplex anion type coordination compound with distinct d
and f units (Figre 3a), without water molecules as ligand or in the network. The simple lanthanide
pentanitrate are suitabfor determining the Ligand Field parameters (Fé3b) and mapping the
SMM behavior trough the computation of anisotropic magnetization tensots&B©).
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Figure 3. (a) The asymmetric unit of compour®) (vith atom color scheme; (b) The Ligand Field
potential map for J=15/2 Er(lll) irB};(c) Magnetic anisotropy as polar maps of the (dE/dB) field
derivatives for the groundstates of the [Er@3 units in @).

4. Conclusions

The stereochemistry and electronic structure of three lanthanide computexwith different
number of coordinated aqua molecules are analyzed. The relative complexity of the different
coordination and supramolecular association modes was decrypted with the help of properly
designed postomputation analyses and numeric experita. In this way, we advanced toward the
understanding of the mechanisms acting in the supramolecular chemistry of coordination units,
going beyond the usual qualitative description of crystal architectures and taxonomic account of
longrange contacts. Ehwork presented interdisciplinary, experimental and theoretical, insight
into the bonding regime and magnetic propertiesiéfsgstem. The ab initio mulGonfiguration

and spin orbit treatment of each lanthanide unit revealed the anisotropic magetiadior, in its
relative orientation to the molecular frame.
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1. Introduction

The crosdinked polymeric structures [1], called as thermosets TSs or Darsoighigh cross

linked) and Elastomers (low crebeked), represent about 25% of the total polymers with a
preponderance of use of thermoplastics TPFH%) in the industry. This is mainly due to the

intrinsic structure of thermosets that form a 3D network and therefore cannot be remolded unlike
thermoplastics. It should be noted that the effects of dmdag and crystallinity should be
considered bewse they affect the solubility. Crelésking and crystallinity are often visualized as
6similaré (in some sense) phenomena and are de
are assumed to act -lasnk&sphy sH ayes hage supedorh@apdmniesc r 0 s s
compared to thermoplastiosz., some geeral properties of TSs includenechanical strength,

thermal stability, chemical resistance, swelling behavior to cite some of them.

SemilPN or IPN (InterPenetrated Network) represtiet ultimate super network as the mechanical
properties are reinforced compared to simple elioked structure [2]. Recently a new class of
polymers, called Vitrimers, possess dynamic covalent crosslinks [Covalent Adaptable Networks
(CANSs)] which impars stability while being reprocessable [3]. We also have pseudclorksd
systems where in situ physical gelation occurred via Hydrogen Bonding interactions or driven by
hydrophaobic interactions.

2. Fundamentals on 3D Structures

2a. A crosslinked systemay be represented Bygure 1
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Usually the 3D structures are inhomogeneous, contain cycles or loops, dangling ends and
entanglements of molecular chains between crosslinks. We définas the molecular mas
between Xlinks that determines the network sizadledMesh size

We also define a 3D structure by considering the average functiofalitpf the monomers
involved in the crosdinking reactionsvz. whetherthe chain polymerization or step polymerization
mechanism is considerdéigure 2.
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Different technics have been used to follow the kinetic of elioksg reactions or the
determination of the gel point (gel time) in the process of implementing 3D struewges
viscosity or temperatunes.time, thermal mechanical agals or rheological measurements.

3. Results and discussion

3a Swelling control in hydrogels [4]. We have consideaenhixture of two acrylates : hydroxy
ethyl methacrylate (HEMAJav = 2 and dimethacrylated polyethylene glycol (PEGDMfay = 4.
Results are describad Table 1

Mass of PEG- Mass of Mo M, X,
DMA g (mol) HEMA g (mol) | f; 1 fo (g/mol) | (g/mol) (mol/g)
2.50 (1 mol) 0 4 0 4 330.37 165.19 6.0510°
2.500 (1) 250() 4 2 3 230.26 230.26 43410°
0.500 (1) 4.50(9) 4 2 2.20 150.16 750.81 1.3310°
0.250 (1) 4.75 (19) 4 2 2.10 140.15 1401.5 0.71 107
0.125 (1) 4.875 (39) 4 2 2.05 126 .89 | 2537.73 | 0.3910°
0.050 (1) 4.95 (99) 4 2 2.02 132.14 | 6607.12 | 0.1510°

0 5.00 (100 mol) 0 2 2 130.14 0 0

Table 1. Calculation ofXc, f1 andf2 are the functionalities of PEGDMA and HEMA respectively,
fo being the functionality of the systeivlc is the molar mass between crosslinks of PEGDMA and
HEMA calculated from ¢8Xc is the degree of crosslinking of the system

It can be seen from the degree of crosslinkkgin Table 1 that a decrease in the weight
percentage of PEGDMA, results in a decrease of degree of crosslinking. Lowering the amount of
PEGDMA system decesses the number of difunctional groups in the system, since PEGDMA acts
as the only potential crosslinker in the reaction, less crosslinking occurs. Lower degree of
crosslinking,Xc implies an increase in the 3D mesh size of the hydrogel, allowing for teate
penetrate the crosslinked network.

3b. Gel time Control in Marine Composites Industry. [5]
4. Conclusions

Rigorous control of a crodmking reaction is not always possible. However, depending on the
material, it is possible to correladggperimental physical quantities with theoretical calculations to
optimize the desired properties.
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1. Introduction

Polysiloxanes are considered the most important and commercial family of synthetic inorganic
polymers [1], and silicone elastomers are outstanding materials withspdoe applicationsn

medical field, construction, automotivelectronics, energy, engineering, aerospace and other
domains.Creating pores in these materials is one way to expand their use,il&onoe $oams bring

together the properties of silicone elastomers and those of foams, in materials with low deatsity, he
and cold resistance, good electrical insulation, and biocompatibility [2]. The emulsion templating
method, which relies on water droplets as porogen is one of the known approaches to create pores in
silicone materials [3]. Other methods use gas poro@egsCQ) [2] or solid templates [4,5]. Various
applications have been proposed for such materials, including sorbents [5], sensors [6], acoustic
metamaterials [7], or cefirowth scaffolds [4].

We applied the emulsion template method, using amphigiiizane oligomers as surfactants, to

obtain porous silicones, by UbMiitiated thiolene photoaddition [8], condensation and
dehydrocoupling reactions, occurring within few minutes at room temperature. The as obtained
materials were characterized in terofsmorphology, surface properties and as capacitive pressure
sensors. When emulsion template method was combined with dehydrocoupling or photoaddition
crosslinking reaction andn situ chemical modification, silicone materials with tunable surface
propeties were obtained. The materials presented herein span from hydrophilic to highly
hydrophobic with Alotuso or Apetal o effect, as

2. Experimental

The starting silicone reagents and surfactants have been praphedge The FFIR spectoscopy
(VERTEX 70, Bruker, Ettlingen, Germany) was used to monitor the reactions, SEM analyses
(Quanta 200 from FEI Company or Verios G4 UC from Thermo Scientific) were performed for
morphological characterization, tensiometry (Sigma 700 automated tetsidnom KSV) was used

to characterize the initial emulsions and to measure the powder wetting behdéohanical
measurements were made using an Instron 3365, two column universal mechanical testing machine,
while the sensing behaviour was tested WiilR (Keysight U1733P).

3. Results and discussion

The general procedure for the preparation of porous silicones byettagbhotoaddition has been
described in [8] and was based on mixing two emulsions stabilized with telechelic siloxane
oligomers. Altenatively, the emulsion template was obtained using only one surfactant, and other
crosslinking processes were applied. The polysiloxanes form the continuous phase in toluene, while
water is the disperse phase. The pores are formed byliokasg of the precursors (Scheme 1) in
different conditions: UMnitiated thiolene photoaddition reaction of the virgdntaining silicones

(Vi-x), hydrolysiscondensation of OHerminated polydimethylsiloxane (PDMS) with
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tetraethoxysilane (TEOS), or dehydrocouplingatens of poly(methylhydrogen)siloxane (PMHS)
occurring between Sil and SiOH groups. After thes 0| v ent s 6 poeousanmaieriala with o n
different morphology and properties were obtaindte PMHS was chemically modified situ with
n-hexene or allyrimethylsilane (ATMS), aiming to porous materials with increased hydrophobic
behavior, while a Vb0 siloxane copolymer was chemically modifiedsitu with mercaptoethanol
(ME), to induce hydrophilic behavior.

OH Me Me Me OH S
A .
N N \/\/{,Sl ]/Sl\/\/() N \ /N
Surfactant
M Me Me M e Me Me
S \ \/ v U V-initiated thiol
l S EEE— -initiate iol-ene
/< >/< K >/ \/ SH-Crosslinker photoaddition

0C,H;

%Sl\o SI\OH + GHO Si OCHs ____ 5 hydrolysis-condensation

0C,H;
PDMS TEOS

Me\/Me Me\/H Me\ Me

Pt

Si Si — » dehydrocoupling
HO/ \0 \0% \OH
n
PMHS

N ' o

/\/\/ = N \/\SH

n-hexene allyltrimethylsilane mercaptoethanol

Scheme 1Chemical structures of the siag reagents

The mechanical properties of porous monoliths were measured in compressiestregaitests and
showed | ow Youngdébs modul us, especially in the ¢
for high sensitivity of capacitive pressure sensors, kgt high dielectric permittivity. Sensitivity

values up t8.7-10° kPa' on 929 kPa were found, and sensing range between 2 and 300 kPa, spanning

to ca. 2 MPa for a more robust, condensatype material. A chart ofapacitance change versus

pressurés shown in Figure 1, with Y values indicated. The softest material was taken as the matrix of a
composite with 5 wt.% MWCNT. The porous composite exhibitefbitDincrease in sensitivityd(747

kPa' on 0i 7.5 kPa sensing rangend a very high gaugeadtor of 89 in the 2550% compressive

strain range)These porous silicones are promising for medical care sensor applications.
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The maerials obtained as thick films in the photoaddition process exhibited good sorption capacity in
toluene, THF and dichloromethane, with values close to 500% in certain cases [8]. The absorption
capacity generally increased with the internal phase fra¢porosity). The static contact angle
measurements showed interesting surface properties of the porous films, depending on porosity, with
pseudehydrophilic or dual behaviour on the two surfaces (Jdikasnembranes).

When porous materials were obtainednasnoliths, their surface properties were tuned by their

mor phology (both evaluated as the Ainnero surf
structure, as envisaged. Lotus and petal effects were observed for materials with specific
microstructure.

4. Conclusions

The preparation method is simple and low energy consuming, and the obtained porous materials are
promising as sensors with wide sensing range, predictable based on their mechanical properties. The
absorption of organic solvents can bethar exploited in environmental applications. The wetting
behaviour can be adjusted from synthesis, by its close correlation with the morphisiegyethod

can be adapted to more sophisticated materials, especially composites, where the presemce of
fillers or a second polymer (for example PEG nanoparticles dispersed in the aqueous phase) opens
novel perspectives for high added value materials.
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1. Introduction

Cyclodextrin molecules represent a massive point of interest for the pharmaceutical industry for
their capacit to encapsulate a wide range of molecules, starting from low molecular weight drug
molecules to high molecular weight natural and synthetic polymers. Nevertheless, cyclodextrin
polyol functionality recommends their use as building blocks in the syntlefsisomplex
macromolecular architectures such as star polymers.

In this context, esterified cyclodextrins benefited from the formidable input of structural knowledge
through mass spectrometry and NMR spectroscopy methods, allowing the understanding of the
structural impact of reaction parameters on the structure abtiagned products, especially for the
ring-opening oligomerization of cyclic esters.

The information that may be obtained consists of structural confirmation of the products through
MS and MS/MS profiling, the identification of the possible secondaryctimes such as
transesterifications (interchain and backbiting), and system reactivity evaluation (kinetics) [1].

Witnessing the cyclodextrins (CDs) structural changes during derivatization poses a challenge due
to the presence of numerous hydroxyl grougsulting in multiple structural variations within a
single product. This reduces the possibility of differentiating and identifying the formed products.
Esterifying CDs through different techniques can vyield derivatives with varying levels of
substitution (SDs) and positional isomers possessing the same SD.

Additionally, the complexity of samples may rise when oligoester chains are linked to the CD
molecule, as a result of the molecular mass distribution inherent in these oligomeric substituents.

These problems are tackled in the case of cyclodextrin modification throughopeging
oligomerization (ROO) of cyclic esters. The current presentation envisages the common mass
spectrometry approaches such as MALDI MS and MS/MS with the close support of NMR
spectroscopy to be employed for unraveling the fine details in the ROO initiated by the
cyclodextrin derivatives.

3. Results and discussion

Ring-opening oligomerization of the cyclic esters, presented in Scheme 1, employs cyclodextrin as
an initiator throgh the OH groups.
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cyclodextrin-oligoesters

Scheme 1The ringopening oligomerization of cyclic esters initiated by cyclodextrins

However, the role of cyclodextrin in these reactions has been under debate, considering their
capacity to encapsulate cyclic esters moleculeshende to influence their ringpening reaction.

The pioneering work of Haradabés group proposed
cavity and the size of the cyclic ester to achieve the activation effect on the ROO reaction, in bulk
conditions [2] and excess of cyclodextrins. Our synthesis approach employs ROO activation using
amine organ@ctivators whicha priori, precludes cyclodextrin activation.

Although direct mass spectrometry characterization of the esterified cyclodextrins (EGhthr

e.g. MALDI MS has become almost a routine analysis, quantitative analysis is difficult because
mass spectra profiles do not reflect adequately the substitution degree, especially for
macromolecular compounds with elevated dispersity index (D).

The amlysis bias is connected with the mass discrimination problems of the common MALDI MS
methods and may be corrected using chromatographic separations in tandem with MS [3] which
fractionates the sample. However, low molecular weight compounds having lsucBas ECD,

may be evaluated by MALDI MS using supplementarylioié NMR validation.

This approach has been first taken into consideration for the analysis of ROO-lattige (LA),

i n t he pryledextrio [@]. Thd MSbspectra collected thrbogt the reaction (Figure 1)
reveal an increase in thieln which was compared with the corresponding LA conversion
measurements through NMR spectroscopy.
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Figure 1. Quantitative MALDI MS analysis of the CDLA synthesis.




Progress in Organic and Macromolecular Compounds s
kil i (MACRO lasi) 2023

The agreement between NMR and MS wiasermined for two different MALDI MS matrices,

n a me kcyaneddhydroxycinnamic acid (CHCA) and 2dihydroxybenzoic acid (DHB). A
similar approach may be empl oyed f ecaprolactoke ROO o
(CL) [B].

The monomer convsion determined through two complementary methods, MS and NMR
revealed an excellent correlation degree for CHCA matrix, as may be observed from Figure 2, for
both ROO of LA and CL. Thus, NMR confirmed that, for the considered sample, the MALDI MS
may be sed as a quantitative method for the evaluation of the ROO reaction system.

2200 CDLA 1700 CDCL
1600
. 1900
2 “* Mn CHCA < 1500
C) # MnDHB £
g 1600 Mn RMN E) 1400 —o—Mn RMN
=4
= 1300 ——Mn DHB
1300 —#—Mn CHCA
/ 1200
1000 ! T T T ] 1100 + T T T T ]
0 20 40 60 80 0 20 40 60 80 100
Time (h) Time (h)

Figure 2. The plot of the monomer conversion measured through MALDI MS
for CDLA and CDCL products [4,5].

Further experiments allowed us to employ this method for the compaofsdifferent reaction
parameters' effects on the ROO process such as amine -@garaiors type, solvent, total
concentration, cyclodextrin/cyclic ester molar ratio, and temperature.

These experiments will be further detailed in the presentationewigthasis on the advantages and
limitations of the analytical approach.
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ANHYDRASE ISOFORMS INHIBITORS
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1. Introduction

2,5(H)-pyrrol-2-one (DPO), a crucial component of many bioactive components or intermediates,
is found in large quantities in pheromones, alkaloids, steroids, heme, chlorophyll, and other
substances. DPO possesses a broad range of activities such astgatyaptibacterial, FPR1
antagonists, cytotoxic and antitumor agents, tyrosinase inhibitors, antioxidant activity, carbonic
anhydrase inhibitory or inhibitors of the annexin-8200A10 protein interactiga].

Carbonic anhydrases (CAs) are ubiquitous metalloenzymes able to reversibly catalyze the
hydration of CQ to H" and HCQ' [2]. Many biosynthetic processes, like as respiration,
photosynthesis, pH regulation, and electrolyte secretion, are carried out by CA ef&ymes

The principal sulfonamides, which coordinate the zinc ion with their terminal deprotonated
nitrogen atom, are the traditional CA inhibitors (CAls), which have been used in therapeutic
settings for more thanO7years as diuretics and systemically active antiglaucoma medicftjons

This is due to their prospective structural characteristics, which have the potential to interact in
diverse ways with a variety of biological targets.

Moreover, sulfonamides often have high pharmacological characteristics, including oral absorption
and little side effects. They are also stable and simple to produce. By upsetting the anionic
homeostasis of the cell, bésiifonamide, which consists of tvgpoups of sulfonamide, may operate

as apoptotic triggering agents in the treatment of cdbger

2. Expaimental

Our aim was to synthesize hybrid molecules with py2rohe as a core and two active binding
groups on its sides.

In order to obtain the proposed derivatives gmrano sulfonamide was reacted with aldehyde
derivatives from the aromatic, alipi@ or cyclic aldehyde class and pyruvic acid, in ethanol media
in the presence of trifluoroacetic acid, in a catalytic amount. The library of newly synthesized
compounds consists of 22 compounds with-gyrol-2(5H)-one structure and onedXo-2,5
dihydrofuran derivative.

Among the synthesized compounds we integrated phenyl substituted compound (substituent
varying for electron donating to electron withdrawing effect, from one to three substituents and
different substitution positions), oxygen heteroegcl(furan and piperonal) or aliphatic based
substituents (one being phenyl attached to the main core through an aliphatic bridge).
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Scheme 1Reaction pathway to compounti®3.

3. Results and discussions

All the compounds were obtained in good yields (between 47 and 88%), the chemical structures
were verified through NMR, IR and MaliS techniques.

The ompounds were tested in vitro against the physiologically -nedatant hCA isoforms such
as hCAs I, I, IX and XllI, by applying the stoppeftbw technique and were compared with the
standard sulfonamide inhibitor acetazolamide (AAZ). The results are resumed in Table 1.

Table 1 Inhibition data of human CA isoforms I, 1l, IX and XII with compourig$6 and19-21
and AAZ by a stoppetlow CO, hydrase assay.

Cmp hCA | hCAlI hCA 1X hCA XII
1 527+ 4.4 7.4+£0.5 26.1+2.0 16.8 £1.0
2 96.7+ 6.3 23.3x14 29.4+ 2.8 93.9+9.3
3 293.5+20.5 57.8+4.4 18.4+15 91.5+9.1
4 80.7+ 6.7 9.1+0.5 168.6 £16.7 38.0+2.2
5 12.3+1.1 4.4+0.3 39.7+3.2 74.2 6.6
6 53.6+4.3 9.4+0.7 25.7£1.7 74.5 6.5
7 237.5+16.2 93.9+85 23.9+1.8 61.9 +4.9
8 870.9 +51.7 397.4 +23.7 30.6£2.2 9.2+0.5
9 604.8 £54.4 333.6 £25.3 1.9+0.2 6.7x0.3
10 51.1+3.1 6.0+£04 10.8+1.0 74.5 +3.8
11 41.5+ 3.3 9.2+ 0.7 29+0.2 65.9 +4.6
12 357.5+24.8 188.5 + 16.6 1.8+0.1 36.5+2.0
13 45.5+ 2.6 6.8+£04 3.4+0.2 47.0 £3.8
14 3.9+0.2 6.9+ 0.6 3.2+0.3 171 +1.6
15 34.9+ 2.7 7.0£0.5 2.4+0.2 63.9 +5.2
16 36.9+ 3.1 6.1+ 0.3 3.7+£0.3 20.1 £1.6
19 416.4 + 254 158.0 +11.6 211.3 £13.2 8.5+0.8
20 46.9+ 2.9 6.4+ 0.5 25.8+2.3 5.9+0.6
21 95.5+6.1 15.8+1.2 150.4 £9.5 8.1+0.8

AAZ 250.0+£21.0 121 +1.0 25.8+25 5.7 £0.5

* Mean from 3 different assays, by a %5lo0pp% doff | tolwe teepo

val ues) .
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The cytosolic hCA | was inhibited by all series at concentrations ranging from low nanomolar (KI
3.9 nM for 14) to high nanomolar weds (KI 870.9 nM for 8). The hydroxyl group was found to
play an important role in the activity against this isoform; compound 14 was the most potent
inhibitor with a Kl of 3.9 nM. The second widely expressed cytosolic hCA Il was better inhibited
than hCAI, exhibiting similar features. Derivative 3 with a bromine atom was found to be less
active than fluorine analogue 2 with Kls of 57.8 nM and 23,3 nM, respectively. The hydroxyl
groups also played an important role in modulating activity, leading to loanmalar inhibition as
observed in compounds 14, 15.

All compounds in the series effectively inhibited the first twassociated hCA X, with Kls
ranging from low nanomolar (1.9 nM for 9) to medium nanomolar (211.2 nM for 19). Hydroxyl
groups did not play crucial role in the inhibition activity for this isoform, compound 12, which
had three methoxyl moieties, showed a KI of 1.8 nM, making it the most potent inhibitor against
hCA IX. The second tumeaissociated hCA Xll was highly inhibited by the seriestéd, with Kls

in the low nanomolar range.

Docking studies were applied to explain the relationship between structural features and inhibition
profiles of the most selective compounds 9 and 12 towards the-agsociated isoforms hCA IX

and XIll. Given he stereocenter on one carbon in the-fimg central heterocycle, both (Rand
(S)yenantiomers of the selected compounds were investigated by docking to model the interactions
they establish with the isoforms of the hCA.

4. Conclusions

A onepot, threecomponent procedure was used to produce new ditpdrol-2-one compounds

with two sulfonamide moieties, with trifluoroacetic acid acting as a strong catalyst. The resulting
compounds were examined in comparison to four human carbonic anhydrasmss@iCA I,

hCA Il, hCA IX and hCA XII). The docking studies showed that the new p@amhesulfoamide
hybrids act as zinbinder in the carbonic anhydrase active site.

Acknowledgements

The support provided by the ICUB Fellowship for Young Research{@sntract no.
26260/5.12.2022) is acknowledfe

References

[1]. Alp C, Ekinci D, Serdar M, Murat S. A novel and go& synthesis of new-tbsyl pyrrol2-one
derivatives and analysis of Carbonic Anhydrase inhibifmptencies.Bioorg. Med. Chem18, 4468
4474,2010

[2]. Clima L, Craciun F, Angeli A, Petreni A. Synthesis, computational studies and assessment of in vitro
activity of squalene derivatives as Carbonic Anhydrase inhibi@iyremMedChert5, 20522057,2020

[3]. Mishra CB, Kumari S, Angeli A, Bua S, Tiwari M, Supuran CT. Discovery of benzenesulfonamide
derivatives as carbonic anhydrase inhibitors with effective anticonvulsant action: Design, synthesis, and
pharmacological evaluatiod. Med. Chen61, 31513165,2018

[4]. Angeli A, Kartsev V, Petrou A, Pinteala M, Brovarets V, Slyvchuk S, Pilyo S, Geronikaki A, Supuran
CT. Chromeneontaining aromatic sulfonamides with Carbonic Anhydrase inhibitory propdrites.

Mol. Sci.22,2021

[5]. Leechaisit R, Pingaew R, Prachsaigkul V. Bioorganic & medicinal chemistry synthesis, molecular
docking, and QSAR study of b@ilfonamide derivatives as potential Aromatase inhibitBisorg.
Med. Chem27, 1150402019

3 -
Foh o
G ~

1)) |

- {1}
almva almYa ol =va al=Ya als=

T ;
)



y o — Progress in Organic and Macromolecular Compounds
MACRO lasi) 2023 ® : ottt

HYBRID NANOSTRUCTURES OF CHITOSAN AND
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1. Introduction

Over the years natural polymers like polysaccharides have attracted considerable scientific interest
since they can senes building blocks for the development of nanomaterials relevant to various
biological applications. One such widely used polysaccharide is chitosan, which is derived from the
deacetylation of chitin, the second most abundant biopolymer in nature foonadgiime crustaceans

(i.e., shrimp, crab, lobster) and cuticles of insects [1,2]. Chitosan has a cdlikéosarbohydrate
structure that renders it biocompatible, biodegradable-toxin and also provides unique
antimicrobial and mucoadhesive propertfess | . Mor eover, chitosanbés o0\
further tuned through appropriate physical or chemical modification owing to the presence of the
amino and hydroxyl active groups [4]. For instance, electrostatic interaction/binding with
functional polyneric macromolecules bearing oppositely charged groups is possible, thus
generating a new polymeric material with distinct physical properties.

2. Experimental

In this work, we investigate the electrostatic complexation of two chitosan samples, differing i
molecular weight, and a poN{isopropylacrylamide) thermeesponsive homopolymer that bears a
chargeabl e carboxylic end group, which enabl es
molecular weight (MW) of the two chitosans were 162 kDa (®2iKl) and 1.46 kDa (ChitOligo),

with corresponding degrees of deacetylation (DD) of approximately 88 and 90%, respectively.
Dynamic and electrophoretic light scattering (DLS and ELS) techniques were employed in order to
study the solution/dispersion proges, i.e., mass, size, size distribution and effective charge of the
formed complexes as a function of the PNIPAM concentration, or equivalently the molar/charge

ratio of the two components, as seen in Table 1.

Table 1. Characteristics of the complexestbé two Chit+PNIPAM systems.

Sample Chit conc. PNIPAM conc. mol PNIPAM/  mol PNIPAM/  mol [+]/

name (mg/mL) (mg/mL) mol Chitl62K  mol ChitOligo  mol [-]
Complex 4/1 0.1 2.1 0.02 370
Complex 4/2 0.4 0.2 4.2 0.04 185
Complex 4/4 0.4 8.3 0.08 92.5
Further mor e, the ther mal response (up to 45

preformed complexes was examined. Additionally, fluorescence spectroscopy measurements,
utilizing pyrene as a probe, provided information regarding the hydrogholmf the formed
complexes, while STEM images further elucidated their morphology.
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3. Results and discussion

As seen in Figure la the scattering intensity, which is proportional to the mass of the complexes,
increases as the concentration of PNIPAM iases, thus proving the successful interaction/
complexation of the two chitosan samples with PNIPAM. Moreover, the mass of the complexes of
the low MW chitosan is overall higher than the corresponding ones formed by the high MW
sample, indicating a more pact structure probably due to less conformational constrains that
allow for a higher degree of interaction with the PNIPAM homopolymer. The obtained zeta
potential values (Figure 1b) show the reduced effective charge of the complexes in comparison to
the corresponding chitosan samples (points at zero PNIPAM concentration), as expected due to the
occurring charge neutralization. As a matter of fact, this effect is even more pronounced in the case
of the ChitOligo+PNIPAM system again demonstrating the asxd interaction between the two
components. Regarding the size of the complexes, the corresponding size distributions (Figure 1c
and d) reveal the presence of different populations of scattering species in solution in both cases,
possibly corresponding toomplexes comprising of different total number of chains. Still the
ChitOligo+PNIPAM system exhibits overall significantly larger sizes of complexes.

a) b) 604
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Figure 1. DLS and ELS results regarding: (a) the scattering intensity; (b) the zeta potential;
(c) and(d) the size distributions, for the complexes of the two Chit+PNIPAM systems.

Additional information about the morphology of the complexes can be derived from the STEM
images shown in Figure 2, where representative measurements of the Complex 4/4waf the t
Chit+PNIPAM systems are presented. Both images suggest a homogenous globular dense structure
for the complexes under study, with larger sizes observed in the case of low MW chitosan.

Finally, the thermal response of the formed complexes was examinguerfigrming DLS
measurements at different temperatures. The corresponding size distributions for the Complex 4/2
of the two systems (Figure 3) show that above
formation of compact structures owing to the iage of the hydrophobicity of the PNIPAM chains

in the complexes. Nevertheless, this effect is reversible upon cooling.
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Figure 2. STEM images for the Complex 4/4 of the two systems:
(a) Chit162K+PNIPAM; and (b) ChitOligo+PNIPAM.

a) b)

Chit162K+PNIPAM \‘ ChitOligo+PNIPAM
mplex 4/2 | Complex 4/2

Size (nm) Size (nm)
Figure 3. DLS size distributions at different temperatures for the Complex 4/2 of the two systems:
(a) Chitl62K+PNIPAM; and (b) ChitOligo+PNIPAM.

4. Conclusions

The successful electrostatic binding of a PNIPAM homopolymer bearing a carboxylate end group
on two different chitosan biopolymers, of low and high molecular weight respectively, was
established, leading to the formation of thenrasponsive hybrid nanostructures with
characteristics relevant to the ratio of the two macromolecular components.
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1. Introduction

In recent years, the synthesis of graphene nanoparticle suspensions (GNPs) with high fluorescent
stability as a new type of nontoxic functional matefigl has become a prominent focus due to

their numerous potential applications (such asnedical imaging, sensing, and photocatalysis)

and the relatively simple synthesis routes. Among the various methods used in colloidal GNPs
synthesis (such as liquid phase exfoliation, nanotube slicing and fullerene splitting [2], graphite
oxide reduction electrochemical synthesis, etc. [3]), Pulsed Laser Ablation in Liquid (PLAL) has
emerged as the primary choice due to the wide range of experimental parameters available for
tailoring their features (size distribution, shape, surface chemistry, etcthetatk of surfactants

in the synthesis process.

PLAL is a green and straightforward method for the synthesis of a wide range of inorganic
nanomaterials and composites. Typically, during the interaction of the laser beam with the target
settled in liquid at the focal point of the laser beam, the superficial layer of the subjected material
surface is heated, melted, evaporated, and ionized to producebuiistzs. The bubbles expand

until a particular pressure and temperature are reached, then coldigsie. the bubbles, the
temperature reaches thousands of Kelvin with a pressure of several GPa, giving rise to some
extreme conditions creating promises to produce novel materials. Being more affordable than
vacuum technology, PLAL employs the suspensiogemerated NPs in a liquid medium instead of
fuming in air [4].

This work focuses on the synthesis of fluorescent carbon nanoparticle (CNPs) suspensions in
ethanol by using the PLAL technique. To enhance the properties of the obtained NPs, i.e., reduce
their size and alter the surface chemistry, subsequent laser irradiation was performed. The applied
synthesis procedure is fast, reliable and implies no use of surfactants or synthetic dyes.

2. Experimental

The experimental setup used for generating CNiEpensions by the PLAL technique was
presented in detail in our previous work [5]. The first harmonic (1064 nm, 10 ns pulse length) of a
Nd:YAG laser (Brilliant, Quantel) with an energy of 30 mJ was focused on the surface of a
pyrolytic graphite disk (1 mnn thickness and 2.54 cm in diameter) immersed to a depth of 5 mm
by using a spherical lens of 5 cm focal length. The NP suspensions were generated by firing at 10
Hz a total number of pulses that varied between 3,000 and 18,000. The estimated laser fluen
range was between 3.5 and 10.5 J/cFime rotation of the graphite disk around its own axis was
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performed, along with the linear translation of the focusing-tEiection mirror assembly in the
direction of the laser beam propagation, to ensure rapégt and an increased production rate.
Afterwards, to reduce their size and alter the surface chemistry, UV laser irradiation of the obtained
NP solutions was performed by using the third harmonic (355 nm) of Nd:YAG laser. A volume of
2.5 ml of CNPs saition was added to a quartz cuvette and subjected to the unfocused laser beam
with an energy of 28 mJ, delivering at 10 Hz a total of 18,000 laser shots. Various analysis
techniques, such as STEM, Raman, photoluminescence, TGA and FTIR, were applied to
investigate the structural and chemical properties of the obtained NP solutions.

3. Results and discussion

In Figure 1, a STEM image of CNPs generated in ethanol for 18000 laser ablation pulses is
presented. It can be easily seen that the obtained NPs slaspenconstituted by a mixture of
spheroidlike CNPs with a distribution size between 5 and 50 nm and larger graphene sheets with
dimensions in the range of hundreds of nanometers. The structural analyses confirmed the presence
of the two carbon allotraggs in the nanoparticle suspensions, namely sphgypé amorphous

carbon particles and graphene sheets (see characteristic bands from Raman spectra, Figure 1b).
FTIR spectra recorded for both pristine and lagediated solutions revealed the presenc®id

chemical groups at the surface of NPs, which makes it easy to be functionalized for various
applications (Figure 1c).
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Figure 1. Optimized CNPs solution obtained for 18,000 laser shots
for graphite ablation: a) STEM image of pristine CNPs; b) Fi&csa of pristine
and laseiirradiated solution; ¢) Raman spectra of CNPs before and after laser irradiation;
and d) photoluminescence map of the lasediated colloidal solution (laséradiated
NPs solution were obtained by submitting the sangpi 800 laser shots).
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Subsequent laser irradiation was found to improve the photoluminescence of the CNPs
suspensions. In Figure 1d, the excitat@nission map of the optimized sample obtained after UV
laser irradiation with 4,800 laser shots is presgnide recorded excitation spectrum (black curve
from the righthand side) shows an emission maximum at 388 nm. Also, the emission spectra
recorded for different excitation wavelengths (see curves from the top side of Figure 1d) exhibit a
red shift of thaei maxima, demonstrating the presence in the obtained solution of carbon quantum
dots induced by fragmentation during the laser irradiation process.

4. Conclusions

Stable CNPs suspensions with a mass concentration about 130 pug/ml were generated through
pulsed laser ablation of pyrolytic graphite in ethanol without using any surfactant. The obtained
CNPs suspension is constituted by a mixture of sphdifk@dCNPs and graphene sheets with OH
chemical groups bonded at the surface for both pristine andilesdiated solutions, which makes

it easy to be functionalized for various applications. Subsequent laser irradiation was found to
improve the photoluminescence of the CNPs suspensions and to promote the appearance of carbon
guantum dots through a laseduced fragmentation process.
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1. Introduction

Thermal analysis is a key step in the polymer research; its right and proper use can solve a variety
of problems conceing polymer applications and processing. The key issues in using thermal
techniguesare determining the appropriate experimental conditions to apply and succeatfull
interpreation The present study attempted to apply conventional (DSC) and modulated differential
scanning calorimetry (MDSQ}pchniqusin characterizing the structucé different polymers (PU,

PET, PMMA, PLA) by studying the response of reversible or irreversible heat flow.

2. Experimental

Four commercial polymer samples with a weight of about 6 mg sealed in aluminum crucibles were
analyzed with a Discovery DSC 230A Instruments), under nitrogen flow (50 mL/min). The
analyses were carried out using the same protocol. In the first step a standard DSC experiment was
performed (first heating coolingi second heating) at 20/min from-100°C up to 228C. Then a
moduhted conventional DSC experiment with ®€8nin heating rate, modulation amplitud¥C1

and modulation period of 60 s was performed.

3. Results and discussion

DSC is a basic thermal analysis technique used to measure the heat flow associated with physical
and chemical changes evidenced by endothermic and exothermic processes. One of the main
limitations of DSC is the analysis of complex transition which involves multiple processes which
may overlap or the signal may be too low to be properly noticed. ddnscomplicate the
interpretation of the results and also reduce measurement accuracy and precision. It is the case of
PLA where the enthalpic relaxation is overlapped with the glass transition, while recrystallization
occurs within its melting temperaturange.

Moreover, conventional DSC does not allow these complex transitions to be properly analyzed since
it measures only the sum of all thermal events in the sample. Hence, when multiple transitions occur
in the same temperature range, results are ofiafusing and misinterpreted. So, the study of PET
melting, separation of complex transition present in PU and identification of the glass transition of
PMMA demand a more detailed study to increase the understanding of these processes.

Modulated DSC ramsents a powerful tool for the characterization of these types of polymers,
since it provides more information than conventional DS&][1A sinusoidal modulation
(oscillation) is overlaid on the conventional linear heating or cooling ramp to yieldfige pno

which the average sample temperature changes sinusoidally rather than linearly. The deconvolution
of the resultant heat flow provides not only the total heat flow obtained from conventional DSC,
but also separatésinto its heat capacity (reverg)) and kinetic (nomeversing) components.
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where: — i total heat flow (mW or W/g)d 1ji heat capacity component of the total heat flow

(JPC); — i heating rate°C/min); "QARY i kinetic component of the total heat flow.

The reversing signal provides information on the glass transition and some melting, while-the non
reversing signal shows just the kinetic processes (enthalpic relaxation, rystdllization,
evaporation, decomposition, melting) (Figure 1, Table 1).

Table 1. Summary of modulated DSC results of PLA, PMMA, PU and PET samples

S | Reversing heat flow Non-reversing heat flow
ampie
P T, °C T,°C T, °C T, °C
PLA 72 175 164 176
PMMA 121 - 74 121
PU 25 - 65 153
PET 86 242 250 -
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