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Dear colleagues from Romania and abroad

It is our pleasure to welcome you to theé"28lition of the Progress in Organic and Macromolecular
Compounds Conference, MACRO lasi 2021, a traditional event organized by the Petru Poni Institute of
Macromolecular Chemistry, lafi nst i t ut ul de Chi mi e 1 CMRP.omol ecul a

The Conferace gives a broad overview of the hottest topics in organic and polymer synthesis, polymer
physics, multifunctional polymeric architectures, engineering of polymeric materials, hanocomposites,
hybrid materials, polymer networks, smart polymeric materjgéymeric membranes, polymbased
electronics, biologicalhmspired nanostructures, drug carriers and biopolymers.

MACRO lasi 2021 addresses professionals from academia, research institutes and industry, being intended
as a dynamic platform for the peggation and sharing of their research and ideas. It brings together more
than 60 participants from 25 top research institutions from 11 countries. The attendance of excellent
researchers from the Polymer Science and Organic Chemistry fields providessthentironment to
connect and share knowledge and professional experiences with the Romanian and European polymer
research community and to assemble, network, collaborate, and further develop polymer science research

This meeting could not have been origad without the generous and tireless support and contribution of
many individuals and groups within and outside BBIPP. Therefore, we would like to acknowledge to
all the invited lecturers, speakers, board and committee members, chairpersons, apdredbtise people
that have been involved in the organization and presentation of relevant results and perspectives.

Best wishes for a professionally rewarding conference!

Valeria HARABAGIU and Bogdan C. SIMIONESCU

Chairpersons of MACRO lasi 2021
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INVITED LECTURES

A. Dieter Schluteris currently Professor Emeritus for polymer chemistr
the Materials Department of the ETH Zirich where he was active from
to 2018. He studied chemistry and geophysics at the University of M
(LMU) and received in 1984 his Ph.D. After paitctaal stays with Prof.
K. P. C. Vollhardt (UC Berkeley, USA) and Prof. W. J. Feast (Universit
Durham, UK) he was head of the polymer synthesis research group ir
G. Wegner's department at the MPI for Polymer Research (M
Germany). 1991 he finigld his habilitation, received a scholarship awart
the Fonds der Chemischen Industrie (Dozentenstipendium) and star
Associate Professor for polymer chemistry at the Karlsruhe Institu
* | Technology. From 1992 to 2004 he was Full Professor atrdeeWniversity
' of Berlin. Since 2012 he is an elected member of the Swiss Acadel

Engineering Sciences. In 2017 he was awarded the Society of Polymer Science, Japan, Inte
Award for the discovery of 2D polymers. His research interests areiarta of synthetic polyme
chemistry. Schllter believes that organic chemistry is the fundament of innovative polymer sy
He has over 360 peerevi ewed publications with >14060(
worldwide.

lon Tiginyanu has completed his PhD in 1982 from Lebedev Institut
Physics, Moscow. He realized research projects at the Technical Univ
Darmstadt (1995/96 and 1998/99) and at the University of Michigan in
Arbor (2000/2001). He serves as foundingebtor of the National Cente
for Materials Study and Testing, Technical University of Moldova. In 2
he was elected president of the Academy of Sciences of Moldova. Pro
Tiginyanubs research interest:
multifunctioral nanomaterials and fabrication of novel device structt
Among recent developments one can mention-aginized hybrid
nanoarchitectures with dual hydrophilic/hydrophobic properties-tightn
nane and micreengines, sefpropelled liquid marblesHe has more tha

- 400 journal publications and 52 technological patents, his personal }
index equals 43 (Scopus). He is member of the Academia Europaea, honorary member of the F
Academy, honorary doctor of the Joint Institute for Nuclear ReBe@ubna, Russian Federatiol
Fellow of SPIE, member of AAAS, IEEE, OSA, MRS, the Electrochemical Society

Stergios Pispasis Director of Research at the Theoretical and Phy:
Chemistry Institute of the National Hellenic Research Foundation in it
Greece. He studied Chemistry at the University of Athens, Greece a
obtained his PhD in Polymer Chemistry in 1994 from the same unive
He joined TPCGINHRF in 2004 as Associate Researcher where he init|
research in polymer science for the first time. His research interests ir
the tailored synthesis of amphiphilic block copolymers and polyelectro
utilizing living/controlled pdymerizations, physicochemical studies
block copolymer supramolecular assemblies and biomacromole
systems, as well as the development of hybrid polymer based syni
biological and organinorganic nanosystems for applications
nanomedicine,lijo)sensing, bioimaging, agriculture and water remedia
technologies. He has published more than 360-e@ewed articles, 15 invited review articles, mc
than 20 invited chapters in books ascyclopaedigsand 3 books. He is currently acting agpDey
Director of TPCINHRF, Editor for Polymers and Member of the Editorial Advisory Board of Euroj
Polymer Journal.

11
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Andreas Fery is head of the institute for Physical Chemistry/Polyr
Physics at the Leibniz Institut fir Polymerforschung Dresderes2@d 5.
He studied Physics at Konstanz University, where he received his Dipl
1996. He did his PhD at the Mdtanck Institute for Colloids and Interfac:
(MPIKG)/Potsdam University in 2000. After a paBic at Institute Curie
Paris in 2001, he becangroup leader at MPIKG and received
habilitation in 2006. In 2007 he joined Bayreuth University as asso
professor and was promoted to full professor in 2008. He receive
Richard Zsigmondy award of the German colloid society and an
startig grant. He has published more than 250 papers inrpeewed
journals in the area of Polymer science and Colloid and interface sc
: which have been cited more than 10000 times. His research interests
development of novel approaches for Resp@iBio-interactive Coatings and Nanophotonic/Plasmc
Surface Assemblies. Both research directions benefit from expertise in Characterizing Mechal
Interactions of Colloidal Particles on the single particle level, using atomic force microscapiytesh
Deputy spokesperson of German Colloid Society, treasurer of European Colloid and Interface S

David Haddleton has been working in the area of controlled polyr
synthesis for over 25 years since being employed at ICI. His

APhotochemistry of some organom
supervision of Robin Perutz at the University of York in 1986. Hatspee
year at the University of Toronto as a PDRA. He joined ICI in 1988
spent one year at the University of Southern Mississippi working

polymer liquid crystals. Moving back to the UK in 1988 he spent 5y
working on GTP and anionic polymeaison prior to moving to Warwick ir
1993 and was promoted to full Professor in 1998. He has publishec
500 papers and has a googlmtiex >85 with over 25000 citations. He h
graduated over 75 PhD students from Warwick. Current work in the ¢
is in different aspects of developing new polymerisation methodology
using this for novel polymers for industrial applications, polymers for personal care application
and skin care) and for biomedical and nano medicinal applications (new areddargetide and protei
conjugation). Recent work includes new conjugation strategy, glycopolymers, monomer se
control and polymerisation in biological media. He has formed two companies and is currently
a transdermal drug delivery company Medant Ltd.

Claudiu T. Supuran s professor of medicinal and pharmaceutical chemi
at the University of Florence, Italy, since 1995. He was a visiting scho
University of Florida, Gainesville, USA, at Grifitth University, Brisbai
Australia, andvisiting professor at University of La Plata, Argentina,
Federal University of Rio de Janeiro, Brazil, and at UNSW, Sydney, Aus
(several times). His research is in the medicinal chemistry/biochemis
metalloenzymes, mainly carbonic anhydradedd in which he has mad
contributions to the design of many novel classes of enzyme inhibitor
activators, deciphering their mechanism of action at molecular |
discovery of new isoforms and their role in disease (cancer, obesity, epi
neuropathic pain and cognition), discovery and characterization of carl
anhydrases from various organisms (bacteria, fungi, protozoans, sp
corals, plants, diatoms, vertebrates, etc). Other research interests inetagleciystallography o
metallocenzymes, heterocyclic chemistry, chemistry of sulfonamides, sulfamates and sulfe
biologically active organ@lement derivatives, methhsed drugs, cyclooxygenases, serine prote:
matrix metalloproteinases, bacterial proteases, and computatiemaistry. He has published more th
1700 papers in these fields and his Hirsch index is 149, with > 98000 citations. One of the con
discovered in his laboratory (SE@111) is in Phase Il clinical trials for the treatment of advar
metastatic sol tumors in Canada/USA.
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EXPANSION OF THE STAUDINGER 'MAKROMOLEKUL' -CONCEPT
TO TWO DIMENSIONS

A. Dieter Schliter
ETH Zurich, Department of Materials, Zurich, Switzerland
ads@mat.ethz.ch

1. Introduction

Since Staudinger poRBakt amelde kK hlee exErsdg leinche: orha cor
19208, linear (and branched) macromolecules have been developed into an important materials class,
somewhat | oo s e lLyearcspgnthétie dacranmlecalsstcame mtd existence by binding low
molar mass monomer molecules together to form chains. Nowadays these chains are commonly called
polymer molecules or short: polymeas this tern{Greek:p ol T 6 many®p armntdd m®r efse r s
repetitive molecular structure consistingao$tring of repeat units (RU) terminated by end groups on each

side (Figure la)Although the usage of the terms polymer and macromolecule is not carved into stone,
many contemporariesamld agree that repetitiveness of the structure is a condition for polymers rather than

for macromolecules. The latter term instead is often understood generically, thus representing synthetic and
natural high molar mass covalently bonded molecules ircéispe of their molecular structure.
Consequently, macromolecules not only encompass polymers but also, for example, the naturally occurring
crosslinked phenolic resin Lignin and the branched carbohydrate Amylopectin as well as the rubber of car
tires or cosslinked polyurethane foams of matrices. In common practice the term polymer is not only used
when referring to individual macromolecules but also to polymeric materials as a whole. This article
restricts the use gfolymerto-polymermolecules. Thus,2 polymer, for example, stands for 2D polymer
molecule.

Figure 1. Sketches of a linear and a 2D polymer the molecular structures
of both of which can be fully described by repeat units (RU) and end groups. For linear polymers the RUs
are topologically lirear, while for 2D polymers they are topologically planar. The end groups of 2D
polymers should better be referred to as edge groups, as the entire circumference of their monolayer
sheetlike structure presents the end groups

end and edge
groups

topologically
linear and
planar RUs

linear polymer 2D polymer

In terms of topology, lineapolymers are ondimensional (1D) structures. Given their triumph, the
question arose whether tvdimensional (2D) polymers can be made asauv&licording to the above, that
would concern macromolecules, whose entire structure consist®-ofimensional RUs and, of course,

end groups wherever the structure terminates (Figdré=a) 2D polymers, it was suggested to refer to
these end groups as edge grdupis the same realm of thinking, 3D polymers could be in principle
envisioned as wklHere however, aspects come into consideration, which are beyond the scope of this
presentation and such polymers will therefore not be mentioned.
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3. Results and discussion

This abstract article is a condensed form of Rafid the associated lectureegents all the features
characteristic of a 2D polymer to show that these dileetnacromolecules are polymers very much like

linear chain macromolecules. As will be seen, 2D polymers have a molecular structure consisting of RUs
and end (edge) groupsidhare isolable and usable as individual molecular entities. Their average molar
mass and the molar mass distribution can be determined although, given the dimensional differences to
linear polymers, this may require other methods and/or may involve edemted aspects. The most
important such aspect refers to structure. While to determine the molar mass of linear polymers requires to
measure chain length, in the case of 2D polymers it requires to measure sheet area. This is quite a different
story.

The lecture will also touch upon growth mechanism. The mechanisms according to which linear chains
grow were investigated in detail and can be considered understood for the vast majority of cases.
Mechanistic investigations are underway for 2D polymers, leuketiel of insight gained for 1D polymers

has not yet been reached. The current sththe art in this important matter will be presented. Again,
dimensionality will change things here too. While for linear polymers, growth is-dioremsional process,

for 2D polymers growth is twdimensional, which requires different methods to look at it. To this end, a
small warning may be appropriate: 2D polymers have orders of magnitude higher molar masses than linear
polymers. Structural elucidation and mechaaistvestigations are therefore in a different ballpark in terms

of complexity, and many analytical methods reach their limits. Given this complexity and the only eight
years that have passed since the first announcement of a 2D polymer comprised oictilyofdgnar

RUs, the reader will understand that the current article is more a progress report rather than a deep and
thorough scientific discourse on a mature field.

4. Conclusions

2D pol ymer s, very much as theéersdioeamocéapnech
mol ecul esd. They come as coval e=sized poies Ehtissthemeiare h a
two categories of polymers, the edinensional and the twdimensional ones. 2D polymers are
6pol ymer sbé6 Iceancaaristie featurded thatt appy to linear polymers apply to these novel
macromolecules as well. These features inclildeopological repetitiveness of the molecular structure,

(i) presence of defined and addressable end groupdiiquigg fact tlat both the molar mass and the molar

mass distribution can in principle be determined on the single molecule level. Furthermore, the mechanism
according to which 2D polymers form has been elucidated unequivocally for the first case and suggested
for othercases. While applying SCXRD for such purpose is demanding, the very fact that a mechanism has
been deciphered for growth in two dimensions confirms that monomers suited for 2D polymers behave
exactly alike monomers for linear polymers. They connect aepeadined positions following cleaut

kinetic protocols.
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1. Introduction

There are two types of tubular nanomaterials, one type consisting of nanotubes and their networks, and the
second one consisting of microtubes with nanometer scale thickness. Carbon and titania nanotubes are
examples of tubular nanostructures where thegegmees depend on both chemical composition and
dimensions. Over the last decade, a class of novel microtubular nanomaterials with extremely high degrees
of porosity has been developed, the so called-a@nomaterials: aerographite, aerogalnite, aerogallo
aeraeZnS etc. The diameter of microtubes may vary from a few to tens of micrometers, while the thickness
of the walls is in the subO0 nm range, thus assuring formation of extremely-iggight networks with

very high degrees of porosity. In this pgpee will review the efforts related to the development and
characterization of aensanomaterials based on widandgap semiconductor compounds GaN and
Ga0:s. Besides, we will discuss prospects of practical applications ofnagmmmaterials in varioufgelds,

including electronics, sensorics, microfluidics, microrobotics, biomedichite possibility to fabricate a

new nanocomposite material based on aerogalnite architecture embedded in polymer matrix will be
addressed.

2. Experimental

Aero-GaN represdn an interconnected network of hollow microtetrapods which are obtained by direct
growth of GaN on the sacrificial network of ZnO microtetrapod#rathin layers of GaN have been grown

by hydride vapor phase epitaxy on sacrificial ZnO microtetrapods didgimeter of arms ranging from 2
tol0 em and I engths from 20 to 100 &m. Note t|
accompanied by simultaneous gradual decomposition and removal of the underneath ZnO template, which
occurs due to harsh corrosiconditions. Aergsa0; or Aerogallox, represents an ulparous and ultra
lightweight threedimensional architecture made from interconnected microtubes of gallium oxide with
nanometer thin walls. The material is fabricated by annealing ofGakbtemate at temperatures as high

as 950 °C in atmospheric conditions.

One of the most accessible materials for flexible pressure sensors is polydimethylsiloxane (PDMS), which
exhibits excellent elastic properties, mechanical resistance and biocompalfibéitpDMS was prepared

using a bicomponent silicone elastomer kifYLGARD® 184, purchased from Siga#ddrich #761036.

To synthesize PDMS, base and curing agents were mixed with the volume ratio of 10:1, respectively. The
mixture was poured into a Teflanade plate with known volume, where the A&aN samples connected

to Cu wires with silver paint were placed. Subsequently, the curing process occurred at 70 °C in the oven,
for 4 h.The characterization of electrical properties of the network of & wired with silver paint

and completely embedded into PDMS was realized u&aitheley 2400 instrument.

3. Results and discussion

Among the most fascinating properties of A&aN one can mention the dual hydrophehigrophilic
properties. The interpenetrated GaN hollow mitatbapods have the inner surface of mittbular arms
covered by an ultrathin film of zinc oxide, which is superhydrophilic, while the outer surfaceapiotbtr

arms is superhydrophobic with the exception of their free ends which again exhibit superhydrophilicity due
to the crystallographic polar planes, thus leading to the occurrence of dual hydrophobic/hydrophilic
propertied. Using these dual propertiesewencapsulated liquid droplets inside setjanized AereGaN
membranes, thus fabricating Liquid Marbles (LM) with unique properties likepeaplelled stationary
rotation at record velocities or sgifopelled pulsed rotatidn
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We demonstrated that Aef@aN is an EMI shielding material with good performances in tix¢ and

excellent shielding effectiveness in the terahertz region (frequency range from 0.1 to 1.3 THz), exceeding
40 dB in a huge frequency bandwidth. This finding places the@akb amog the best THz shielding
materials known toddy To the contrary, Aerogallox exhibits extremely low reflectivity and high
transmissivity in an ultrabroadband electromagnetic spectrum ranging flmend(8 12 GHz) to several
terahertz which opens possitiés for quite new applications of gallium oxfdBesides, aerGa0s was
found to be promising for photocat aOswithinablemgiap!| i ¢ a
nanodots proves to stimulate the photocatalytic degradation of metlipienender UV or visible light
illuminatior®. The electrical resistance of the A€BaN/PDMS composite was found to change when
putting the sample into the vacuum. The dependence of the electrical resistance upon temperature in aero
GaN embedded in PDMSftirs from that inherent to pure GaN semiconductor which is explained by
different thermal expansion coefficients of the composite constituents.

Figure 1.(a) SEM picture of initial AergsaN architecture.
The inset in (a) shows the picture of a wired dangp AereGaN completely embedded in PDMS;
(b) represents the dependence of the electrical resistance as a function of temperature for a single GaN
microtube (black curve) and aefdaN embedded in PDMS (red curve)
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4. Conclusions

Taking aereGaN and aereGaO; as examples, we demonstrate that semicondbeeed aero
nanomaterials exhibit unique properties promising for multifunctional applications. The extremely low
specific density and EMI shielding characteristics of @@ad open possibilite for space applications,

while the excellent transparency in an extremely wide range of the electromagnetic spectrum, covering the
X-band and THz region, makes a&aOs; perspective for internaif-thinks applications. The dual
hydrophobic/hydrophilic mperties of aer@aN are important for microfluidic applications. In particular,

the demonstration of seffropelled rotating liquid marbles paves the way to the development of various
mini-bioreactors for the study of living cells in specific confinedditions.
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1. Introduction

Polymer based bibybrid nanostructures, composed of synthetic or natural polymers and
biomacromolecules or low molecular weight compounds of biological origin and medical interest, are
attracting increasing attention duetheir wide range of applications in the fields of nhanomedicine (e.g.
gene and therapeutic protein/peptide delivery;itmiaging), biesensing, biecatalysis, functional bio
interactive surfaces and agriculttfe They combine the properties of their bigial and synthetic
components and present nanoscale dimensionsespmnsive properties and in many cases hierarchical
internal structure. A convenient way to prepare them is th@ssembly of rationally chosen functional
components, making possiblethproduction in an easy and reproducible fashion, and allowhsgaipg

of the formulation process. Functional synthetic copolymers, and especially block copolymers, are valuable
building blocks for biehybrid nanostructures since they can be synthdsia a tailormade manner.
Controlled polymerization methodologies provide opportunities to precisely tune copolymer structure and
introduce chemical and biophysical functionalities into the macromolecules that facilitate and determine
structure formatiorand interactions at the supramolecular level. In this presentation some examples of
novel bichybrid selfassembled nanostructures based on block copolymers, and developed in our group in
the past five years, will be discussed, together with some -pfemincept studies related to specific
biomedical applications of the resulting nanoassemblies.

2. Experimental

Reversible additiofiragmentation chain transfer (RAFT) polymerization was employed for the synthesis
of a series of diblock copolymers and toitk terpolymers, as well as mikesm star copolymers. The
particular polymerization scheme allows for a good control over the macromolecular structure and chemical
functionalities, giving copolymers with predetermined molecular weights, compositionschitdaures,

and narrowdispersity through rational choice of monomers and chain transfer agents (CTAs) of
appropriate reactivity. Further pgsblymerization chemical modification i,@ia quaternization of ternary

amine groups on the chains, providapalymers of differentiated chemical and physical properties in
respect to the precursor copolymers.

The block copolymers synthesized include amphiphilic polg{(Zethylamino) ethyl methacrylaté)
poly(lauryl methacrylate) diblock copolymers (PDMAEMAMA), poly(N-isopropylacrylamidep-
poly(oligoethylene glycol acrylate) (PNIPAROEGA) and poly(Nsopropyl acrylamidep-quaternized
poly((2-dimethylamino) ethyl acrylate) (PNIPAIQPDMAEA) thermoresponsive diblocks, quaternized
poly((2-dimethylamino) ethly methacrylate}-poly(lauryl methacrylatep-poly((oligoethylene glycol
methacrylate) (QPDMAEMAPLMA-POEGMA), poly(rbutyl acrylatejb-poly(N-isopropyl acrylamide)
quaternized poly(@imethylamino)ethyl acrylate) (PNBRNIPAM-QPDMAEA) triblock terpolymes,
and finally quaternized poly({@imethylamino) ethyl methacrylatepoly(oligoethylene glycol
methacrylate)(QPDMAEMA-POEGMA)) double hydrophilic miktearm star copolymets

Bio-hybrid nanostructures were constructed by simple mixing o€dhgponents leading to electrostatic
selfassembly, aided by hydrophobic and hydrogen bonding interactions between the components. The
biological building blocks included DNAs of different lengths and insulin as a model therapeutic protein,
but also low matcular weight hydrophobic drugs (g i@domethacin, curcumin).

Several analytical and physicochemical techniques were utilized for the molecular characterization of the
copolymer synthesized, i.e., SEC, NMR, FTIR, and of the supramoleculhyliil strictures resulting
from the ceassembly of the copolymers with nucleic acids, insulin and hydrophobic drugs, including light
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scattering (SLS, DLS, ELS), spectroscopy W, FTIR, Fluorescence) and cryogenic transmission
electron microscopy (crydEM) technques.

3. Results and discussion

Analytical data after polymer preparation support the successful synthesis of the designed copolymers
which selfassemble in agueous media, giving rassemblies of different internal structure, which
respond to pH, tempature and ionic strength depending on the chemical nature and properties of the
constituting monomers. Triblock terpolymers were found to assemble into smaller micelles

Amphiphilic QPDMAEMA-PLMA diblock micelles complex effectively with DNA molecules. The
morphology of the complexes (micelleplexes) depends on the structure of the micellar coronas. Shorter
coronas give rise to worm like supramolecular micelleplexes. Micelle decorated fibers are foened aft
complexation of QPDMAEMAPLMA-POEGMA triblock terpolymer micelles with long DNA, while
complexes with short DNA are found to be globular containing a small number of terpolymer micelles.
PNIPAM-(Q)PDMAEA copolymers form thermoresponsive polyplexes WihAs which respond also to

pH and ionic strength.

QPDMAEMA,-POEGMA, mikto-arm stars form complexes with insulin that are pH and ionic strength
responsive. Insulin structure remains unaltered after complexation indicating maintenance of it biological
activity. Overall, the molecular structure of the synthetic copolymers influences greatly the structure,
morphology and responsive properties of their nanoassemblies with DNAs and insulin.

Furthermore, it was possible to encapsulatimethacin into PNIPAMPOEGA assemblies by mixing
copolymer and drug solutions at temperature above LCST of the PNIPAM block, followed by cooling, due
to hydrogen bonds developed between the components. Curcumin could be encapsulated into the
hydrophobic domains of triblock tergwher micelles showing increased intrinsic fluorescence.

4. Conclusions

Several novel bidnybrid nanostructures have been constructed fassembly of rationally designed block
copolymers, synthesized by RAFT polymerization, and nucleic acids, insulin and hydrophobic drugs. All
structures showed nanoscale dimensions, infiggaiorphologies and multesponsive properties toward

pH, temperature and ionic strength changes in agueous media. These studies provide useful guidelines for
the development of functional multicomponent nanostructures for biomedical applications.
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FROM RESPONSIVE SURFACE COATINGS TO SELF-REPORTING MATERIALS
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1. Introduction

Polymer brush surfaces, consisting of densely sudaafted polymer chains, have the capacity to switch
their surface properties in response to stimuli that cause conformational drenbigtween the polymer
chains. Due to a coupling between polymer chains, such conformational changes tend to be rapid, and
dramatic between the extremes of swollen and full collapsed. The conformational changes lead to, for
example, different wettabilityadhesion, lubrication, and exposed surface groups of the brushes.
Developing new methods to transduce signals from polymer brush conformation, as well as investigating
how the surfaces adapt after conformational transitions, may allow polymer brushésvierbged towards
greater surfacbased sensing materials. In our work, we investigate how Nyidpfropylacrylamide)
(PNIPAM) polymer brush surfaces adapt to surface solvation through specific orientation of the polymer
chain ends and how integration of Forster resonance energy transfer (FRET) fluorophores can lead to
materials that selfeport chain conformation across complex interfaces

2. Experimental

We assemble dense polymer brush surfadasa graftingto process from golymer melt onto a
macromolecular anchoring layer of poly(glycidyl methacrylate) (PGMA) (Figure 1). This process typically
yields polymer brushes that have a grafting density of greater than 0.13 chéins/nm

Figure 1. Schematic of the assembly of PNMPArushes on PGMAoated substrates
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3. Results and discussion

Cononsolvency effects arise when a mixture of twc
to polymer collapse/aggregation. For PNIPAM, this effect occurs in mixtures of avatesicohol. As a
stimulus, this offers an intriguing possibility to tune polymer brush conformeitissubtle changes in the
composition of aqueous mixtures. We report on sum frequency generation (SFG) measurements of
PNIPAM brush surfaces that have hgeewetted with water, and then separately with ethanol. We found
that when the polymer brush is prewetted with water, hydrophobic interactions drive a specific surface
orientation of methyl groups from the PNIPAM, which is absent for samples prewettteziiwanol (Figure

2). This shows how the PNIPAM surfaces respond to the nature of the good solvent. Furthermore, we found
that these specific orientations for the wgier e wet t ed substrates | eads to
water droplet causes tkarface polymer chains to adapt so strongly that a subsequent droplet can determine
the position of the previous drop (even months later). This highlights a link between surface responses and
memory in polymer chain conformation.
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Figure 2. Vibrational SFG spectra of PNIPAM brushes after prewetting. Figure adapted from reference
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In other work, we have engineered FRET donor (green, NBD) and acceptor (redBdRihaatophores

into separate blocks within the polymer brusiig(re 34, where FRET pairing was used as a basis to
report the conformation of the polymer brush-m@msolvency effects were used to induce conformational
changes and FRETigure 3B, which allowed for direct comparison between ellipsometry and FRET
(Figure 3G, where high FRET was consistent with collapsed chains, and low FRET was consistent with
fully swollen chains. This relationship was additionally confirmed by molecular dynamicsagonsl of
polymer brushes impregnated with qutisorophore molecules.

Figure 3. (A) Schematic showing the integration of FRET pairs in the polymer brush; (B) fluorescence
spectra of the surfaces in different water/methanol (MeOH) mixtures; (C) direptcision of FRET to
height as a function of MeOH concentration; (D) confocal microscopy images of the FRET relation
across the hexaneater interface. Figure adapted from referehce

Rhod B

Importantly, the use of FRET allowed spatial identification of chain conformation by use of confocal
microscopy. This was used as a basis to spatially resolve conformation across complex interfaces, such as
the hexanavater interface. It was found thatthe interface of these immiscible liquids, there is a region

of ~50 em of I ow FRET (high donor fluorescence),

4. Conclusions

Through contact angle and SFG studies, we have shown how PNIPAM polymesbrriasies adapt to

being wet by liquid droplets, and remember this conformation of extended periods of time. By integrating
FRET fluorophores within the PNIPAM brush layers, we have been able to spatially resolve chain
conformation effects in bulk liquidgnd across complex interfaces. Together, our works highlight how
PNIPAM surfaces respond to solvation, and how this can be leveraged towards developing materials that
spatially report conformational effects.
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CATALYTIC CHAIN TRANSFER (CCT)
IN RADICAL POLYMERISATION TO GIVE CONTROLLED POLYMER STRUCTURES
IN AN INDUSTRIAL USEFUL AND PRACTICAL WAY

David M. Haddleton
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d.m.haddleton@warwick.ac.uk

Catalytic chain transfer polymerization (CCTP) is an efficient and versatile technique for the synthesis of
low molecular weight functional polymers/oligomers in free radical polymerization (FRP). The technique
is based on the use of certain low spin Qaftimplexes which catalyze the chain transfer of hydrogen to
monomer reaction and also provides a high level of wnghd group functionality. Due to their high chain
transfer constants, Co(ll) complexes are efficient in low concentrations (ppm to mdndihe
effectiveness of the catalysts, and the fact that radical addition to the vinyl end group of CCTP
macromonomers forms adducts that readily unddrgaission, allow them to function as addition
fragmentation chain transfer agents (CTAs) and re@@3rP extensively applicable in industry.

CCTP was discovered in the USSR in the #@¥0s, when Smirnov and Marchenko were investigating
cobalt porphyrinsKigure 12, (1) catalysts for the redox decomposition of peroxy initiators for radical
polymerisaion. The observation that some Co(ll) complexes appeared to inhibit FRP of methyl
methacrylate (MMA) lead to further investigation. Thus, further studies from GrilneMP ont OO6 Dr i s
the Glidden Paint company and ICl/Zeneca havededdignificant understanding of the catalytic process

and to the very active cobaloxime catalysts being develdpigdré 12, (2, 3).

In general, the most effective CCT agents are-$pim cobalt’ complexes with octahedral geometry
derived from a square planar ligand with two axial sites. Co(ll) is’@l@dtron system and can exist as
either low or high spin .e. one or three unpaired electrdfigure 13)), so the choice of the correct ligand
to give a lowspin complex becomes an important aspect of catalyst design for a CCT agent.

Figure 1. Reaction scheme for a CCTP reaction
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Products from a CCTP reaction have a terminal vinyl group which are available for further reaction.
Addition of a radtal from a propagating polymer gives a relatively stable radical which is prone to
fragmentation as a-Bfee RAFT agent or chain termination by abstraction of a hydrogen atom.

Figure 2. General structure of a product from CCTP
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Figure 3. Reaction of lauryl methacrylate to give a series of low MW vinyl functional polymers
for use as viscosity modifiers
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This talk will give examples of where we have been using this chemistry in the areas of
V Low molecular weight dispersants and viscosity modifiers
V Thiol-ene and hydroamination functionalization
V Addition fragmentation reagents for use in additive manufacturing and 3D printing
\%

Block copolymers of polyethene and polymethacrylates
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EMERGING ROLE OF CARBONIC ANHYDRASE INHIBITORS

23

Claudiu T. Supuran
University of Florence, Florence, Italy
claudiu.supuran@unifi.it

Inhibition of carbonic anhydrase (CA, EC 4.2.1.1) was clinically exploited for decades, as most modern
diuretics were obtainecbnsidering as lead molecule acetazolamide, the prototypical CA inhibitor (CAl).

The discovery and characterization of multiple human CA (hi€#forms, 15 of which being known today,

led to new applications of their inhibitors. They include widely clinically used antiglaucoma, antiepileptic
and antiobesity agents, antitumor drugs in clinical development, as well as drugs for the management of
acute mountain sickness and idiopathic intracranial hypertension.

Emerging roles of several CA isoforms in areas not generally connected to these enzymes were recently
documented, such as in neuropathic pain, cerebral ischemia, rheumatoid arthriti$yeositiass and
Al zhei merd6s di sease.

Proofof-concept studies thus emerged by using isofsehective inhibitors, which may lead to new
clinical applications in such areas.

Relevant preclinical models are available for these pathologies due to theibityadflsoform-selective
CAls for all human isoforms, belonging to novel classes of compounds, such as coumarins, sulfocoumarins,
dithiocarbamates, benzoxaboroles, apart the classical sulfonamide inhibitors.

The inhibition of CAs from pathogenic bacterifungi, protozoans or nematodes started recently to be
considered for obtaining aritifectives with a new mechanism of actién

1C. T. SupuranNature Rev. Drug. DiscoV,, 168181, 2008
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HYBRID FIVE - AND SIX-MEMBER RING AZAHETEROCYCLES:
SYNTHESIS AND APPLICATIONS
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1. Introduction

Five- and sixmember ring azaheterocyclic and their hybrids compounds are reported as highly valuable
materials in medicine and pharmacy (drugs, as antibacterial, antifungahfamimatory, antHIV,
anticancer, antihypertensive, anticoagulants, dagget etc.), opteelectronics (fluorescent and
electroluminescent materials, semiconductor devices, sensors and biosensors), agriculture (mainly
herbicides and grow up factors), etc. This is why, obtaining of such derivatives continues to arouse a strong
interest from academia and industry.

2. Experimental

The structures of newly hybrid sulfanylamide/benzimidazole quaternary salts were proved using Nuclear
Magnetic Resonance (NMR) experiments,°C, 2D-correlations). The NMR apparatus (Bruker Advance

I11 500 spectrometer) is equipped with a 5 mm PABBO detection probe, operating at 500.1 NMtHaridr
125MHzfor'®C. The chemical shifts (U0) areldinegaorted in

3. Results and discussion. Conclusions

As part of our ongoing research in the field of azaheterocyclic derivatives, we present herein some
representative results obtained by our group in the field of éind sixmember ring azaheterocyclic and
their hybrid compounds®

P
N

Nitrogen Heterocyle

25
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The chemistry involves straight and efficient organic chemistdions: alkylation, acylation,
estherification, etherification, 3+n cycloadditions. Some of the new setgpgures were performed by
using microwave and ultrasounds technology, as environmentally friendly methods.

The antibacterial, antifungal, antituberculosis and anticancer activity of compounds was determined, some
of the compounds having an excellent bipbal activity. For the most active compounds, a complete
ADMET studies have been performed with very good results.

The molecular docking experiments suggest important clues concerning the mechanism of actions of our
nitrogen heterocyclic systems. Someh# obtained compounds are promising leading drug candidates.

Acknowledgements Acknowledgments to CNCSUEFISCDI, Romania, project number RN-P41D-
PCE20200371.
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Mariana-Dana Damaceantt* Catalin-Paul Constantin! Andra-Elena Bejan! Cristian Logigan?
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1. Introduction

Electrochromic (EC) polymers can egarded as smart materials that reversibly change one of the optical
characteristics, like absorbance, transmittance, or fluorescence in response to an applied voltage, either by
an electrortransfer (redox) process or by a sufficient electrochemicahpale. EC devices attracted

large applicative interest in many fields, such as optical storage, automotive rearview mirrors, smart
windows in buildings, displays, electronic papers, eyewear, or energy storage #éélliepending on the

material used-C devices can be classified into inorganic metal oxides, metal complexes, hybrid materials,
metal plasmonidsnetal/alloy, and organic molecules/polym&iowadays, EC polymers are of particular
interest due to their low cost, easy processing and fawileral of perceived color. Since EC polymers
display long lifetimes, high optical contrast, stable oxidation states, excellent switching reproducibility, and
flexibility, they can be used in flexible electronics.

Several polymers are even more interessinge they can show more than two reduction/oxidation (redox)
states and generate multiple cold@n the other hand, triphenylamine (TPA) and its derivatives known as
triarylamines form a class of versatile reeiotive molecules widely investigated mgito their promising

hole transporting ability!® Common applications of triarylamine derivatives include agéwtronic
devices, like organic light emitting diodes (OLEDBSklectrochromic device, dye sensitized solar
cells!®* or organic solar cells (OSC¥)! The electrorrich property of TPA has also been applied in
electrochemical energy stordgand electrical memory devicés® The use of triarylamine derivatives in

such applicationssiattractive due to a number of desirable properties, such as the synthetic versatility and
the possibility of finely modulation of their redox and light absorption characteristics. Moreover, the
introduction of bulky triarylamine into macromolecular compds hampers the aggregation by reducing

the crystallization propensity and improves the hole transporting ability. Until now, a large library-of TPA
based electrochromic (EC) polymers have been investigated and recommended for use in practical
applicatiors 2’Among them, higkperformance polymers (aromatic polyimides or polyamides), conjugated
polymers, epoxy resins, polysiloxane gels, metal complexes, and small molecules were successfully
developed and nearly all these EC materials revealed specificteaudiad EC featurés However, non
conjugated polymers such as polyimides, polyamides, or polyazomethines have not been so frequently
studied as EC materials. The change of color can be adjusted with the change of the redox state of polymers.
Due to thei excellent thermal stability and film forming ability when adequately modified, these polymers
are potential candidates in the EC field.

2. Results and discussion

Along these lines, here we summarize some of the newly developed triarylsasiee polymes, with
emphasis on structural strategies and their performance as electrochromic materials. As well, the own
structural approach in the design and synthesis of novel aromatic polyimides witkadoaptor topology

is presented. In this regard, the eledaiptical features and performance of four polyimides containing in

the same polymeric chain 1,3%adiazole substituted-¢iriphenylamine and naphthalene or perylene units
were investigated. Although the polyimides proved to be soluble only in potdicagplvents and at small
concentrations, their processing into thin coatings with various morphologies proved to be feasible. These
polyimides displayed excellent thermal stability, up to 400 °C, but no clear glass transition temperature up
to 300 °C. Tvo of the investigated polyimides that exhibited electrochromic behavior during anodic scan
in a classical electrochemical cell were tested in electrochromic devices, and their performance is discussed.
The spectroelectrochemical measurements evidencecublgtion of some absorption bands upon
potential increase, being associated with both polarons/bipolarons and radical cations formation. The
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electrochromic devices rendered color variation between neutral and oxidized form of the polymers (Figure
1).

Figure 1.The I V curves of an EC device realized with a triarylaro@sed polyimide
and the color variation during potential sweep

1.5x10™

1.0x10™
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5.0x10"
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It was found that the response time to coloring and bleaddliogy. The recovery of electrochromic devices

was almost completed after tens of cycles. The obtained results demonstrated that efficient electrochromic
properties in the anodic region can be obtained even with electrochemicallyratstpes polyimides by
judicious material design.
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THERMAL ANALYSIS -VALUABLE TOOL
FOR STUDYING POLYMER COMPOSITES
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1. Introduction

The result of a thermal analysis is a curve known as thermogram. A thermogram represents the mass change
vs temperature or time of amnalysedsample. It characterizes the sample and reveals the thermal and
oxidative stability, as well as its compositibhere are a number of applications of thermal analysis
regarding the composition of solid mixtures, developed to great extent during the last years.

One area is the analysis of the migplastics existent in the environment. The +umiform distribution of

these particles imposes complementary analyses beside FTIR and Rdmatombination of thermo
analysis with chromatographic separation may identify and even quantify different polymers present in the
organic sedimentsApplication of thermal analysis for miceplastics characterization increased lat€he

method is based on the identification of the polymers by their degradation products, presenting a good
selectivity and sensitivity due to the new automated proceddiesrmaogravimeric analyses (TGA)
coupled with FTIR or MS were largely applied in the &€&A was also used for finding the composition

of different geepolymersé or polylactic acid polymers reinforced with natural or synthetic fib&GA

profiles are efficient fo a qualitativequantitative determination of main components of mycelia from
wood-decay fung? poplar woocP or postconsumer plastic wast@.

This work presents the thermal analysis of two cryogel composites intended as carriers for immobilization
of enzymes. The thermal properties of these polymers as well as those afaariposite witHaccaseare
discussed.

2. Experimental

A potential carrier for enzyme immobilization was prepared according a previously described procedure,
from a mixture of PVA nd CMC!

The PVA cryogel from the next study was prepared by cryotropic gelation, on moderate freezing, followed
by storing in a frozen state and thawing of solutions containing the polymer precéiidusspolymer

carrier was functionalized by treatment with glutaraldehyde and a comni&ceisdwas covalently linked,

as described before (see procedur€ a).

The thermal analyses have been performed aitetzsch type 449C STA in the first case (P a
CMC)*and Luxx STA Jupiter in the second case (PVA and enzifiiee samples were placed in alumina
crucible and heated with 5 or 10 K miprespectively!4

3. Results and discussion

The first carrier was stabilized by cooper salt addition. A blue colored solid resulted. The thermal behavior
of the composite compared with that of the component polymers confirmed its compaosition.
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Figure 1. Thermal behavior of cryogel polymer comip@$ VA and CMC as cooper salt a) initial; b)
after being kept in water
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The stability of the new carrier on water treatment was analyzed. Changed aspects of TG and DTG curves
were observed (Figure 1). The partial water solubilization of the Cbper salt was evidenced by UV

Vis spectroscopy* !

Information on the properties of the immobilized enzyme and the components of the catalyst have been
obtained from the thermal analyses of thecase PVA bio-composite. The higher stability of the
conmercial enzyme in comparison with an analytical sample was evidenced. An increase of the carrier
stability by functionalization was also observed (Figuré*®ther advantages of the immobilization
process will be described.

Figure 2. Thermal behavior ofryogel PVA polymer a) initial; b) functionalized
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4. Conclusions

The thermal analysis proved to be a useful tool for the study of composite polymer materials, providing
information about their composition and thermal stability.
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POLY(2-ISOPROPENYL-2-OXAZOLINE) -
VERSATILE PLATFORM FOR ADVANCED MULTIFUNCTIONAL MATERIALS

Florica Adriana Jerca, Valentin Victor Jerca*
Costin D.Nenitescu Centre of Organic Chemistry, Romanian Academy, Bucharest, Romania
*victor.jerca@ccocdn.ro; victor_jerca@yahoo.com

Multifunctional materials are designed to meet specific requirements through tailored properties.
Nowadays, there is a highe mand f or fAsmartod materials with in
responsive to multiple sti mul i ;responsivd ntateralb taealtern d ¢
their chemical and/or physical properties upon exposure to externali stimu

The development of specialized stimrdsponsive polymers with potential applications in harvesting the
photomechanical energy, healable hard coatingsresadfllent surfaces, detecting and sensing is witnessing
exciting progres$However, desigmg accessible stimutiesponsive polymers that can function as multi
signal processing sensors is of particular interest.

Inspired by this promising progress and current interest, we envisioned that-ipofy@enyi2-
oxazoline) (PiPOx) can stand aseactive functional platform for the synthesis of wafined stimuh
responsive materials.

2-Isopropenyd2-oxazoline (iPOx) is a monomer belonging to thexazolines class, which via itsvanyl
substituent, can be polymerized to pohg@propenyl2-oxazoline) (PiPOXx), with the retention of the 2
oxazoline ring as reactive siddain functionality providing a platform for a variety of ppstymerization
functionalization method%!iPOx was successfully polymerized via free radical polymerizatiam® earth
metal group transfer polymerizatfomnd more recently living anionic polymerizatieising commercially
available rbutyllithium giving access to polymers with controlled molecular weight and narrow dispersity.
PiPOx is a versatile polymer which soluble in water and various organic solvents, exhibits high thermal
and hydrolytic stability and is therefore storage stable at ambient conditions.

Additionally, PiPOx was shown to be biocompatible, rendering it suitable for medical and pharmaceutical
applications.The side chain-®xazoline rings in PiPOx are susceptible to quantitative polymer analogous
reactions’* Statistical copolymers of iPOand other vinyl monomers are attractive materials because of
the synthetic simplicity of modification by polymer analogous reactions allowing the development of
structuré property correlation$>®

Compared to other polymeric scaffolds used for polyar&logous reactions, the ring opening addition
reaction of iPOx functionalities does not generate angrbgucts and does not require any catalyst when
reacted with carboxylic acids (Scheme 1).

Scheme 1The polymer analogous modification reaction of PiR@th carboxylic acids leading to
partially functionalized copolymers

Bu H
H =C
Bu o °=K o™
E cR —
II|, ||" HO
PiPOx P
U:c\
R

Postpolymerization modification reaction with (di)carboxylic acids is a versatile and robust reaction which
enables the synthesis of soluble as well as 3D materials functionalatsaréth a variety of applications
(Figure 1). This versatile and functional platform was used for the preparation of thermoresponsive

31




Progress in Organic and Macromolecular Compounds
28" edition

MACRO lasi) 2021

copolymers with tunable lower critical solution temperature (LCST) belfavigdrogelg, molecular
brushe¥and materiks for photonicd!Moreover, PiPOx hydrogel materials with properties that can easily

be tuned from soft, to ultreough or elastic, simply by altering the nature of the crosslinker, were obtained.
12

In this contribution we will outline the versatile epot multrmodification approach of PiPOx to
synthesize stimuliesponsive materials with target properties. The emerging applications of these polymers
as temperature sensdrgphthalmologic biomateriafsmaterials for detection and sensing applicajon
drug delivery?, though hydrogetd, and water purification materidtswill be discussed.

Figure 1. Applications of PiPOx based materials obtained by-patymerization modification reaction
with (di)carboxylic acids
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POLYTRIAZOLE A NEW POLYMERIC PLATFORM
FOR A WIDE RANGE OF MEMBRANE SEPARATIONS
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1. Introduction

Separation processes are essential in the chemical, pharmaceutical, and petrochemical industries. These
industries used conventional separation techniques such as distillation, adsorption, evaporation, and
extraction, which have high carbon footprints and are erietgpsivé. For example, processes like
distillation used 1015% of the world's energy consptior?. Additionally, conventional separation
represents up to #@0% of both capital and operating costs.

Therefore membrane technology can totally or partially replace the traditional separation methods because

it has better energy efficiency, low carbon footprint, and is relatively easy to scale up. However, there is
still a lack of separation materials to handke itidustries conditions and the complex mixtures. Therefore,

more materials that are easy to process and are stable in a wide range of solvents and a wide range of pH
are required to meet the industry demands. In addition to solvent and pH resistanmmbiranes need

to be stable at high temperatures since most of the separations are taking place in the ra8ge®b60

even highet.

2. Results and discussion

In this paper, we report different strategies to prepare stable polytriazole membraoggafmphilic
filtration. We used the polytriazole with pendant hydroxyl (OH) groups because it can easily be synthesized
in large amounts by reacting polyoxadiazole precursor withhbiophenol at high temperature (Figure 1a).

The resulting polymer showsogd mechanical properties and high thermal and theomidative
stability*>. Additionally, the presence of the pendant OH groups makes this polymer processable into
membranes by phase inversion using a wide range of solvents (Figure 1b).

The resulting rambranes were crosslinked by exposing them to aliphatic diepoxy crosslinkers. To
demonstrate the robustness of the crosslinked polytriazole membranes, we permeated dimethylformamide
(DMF) for 22h at 105 AC (Figure ®cwhich indleatesoriot ai n
significant physical aging and compaction during the experiment, demonstrating that the flexible
crosslinkerenhances mechanical membrane stabilitying different casting solutions in-idethyt2-
pyrrolidone and adjusting the lengti diepoxy crosslinkers, it is possible to tailor the rejection of the
polytriazole membranes to coveom the lower end ultrafiltration (7000 g/mol) to the upper end of
nanofiltration (3000 g/mol). Moreover, due to the versatility of this polymer, wie éane the morphology

of the membrane to obtain a rejection in the range of 1000 g/mol by using ionic liquids. The permeances
were in the range of 410 L m? bt bar® (Figure 1d).

In addition, by direct crosslinking of the polytriazole membrane &tteignperature, we obtained a rejection
>95% for methyl orange (327 g/mol) in DMF, which
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Figure 1. (a) Synthesis of the polytriazole with hydroxyl groups {&H;

(b) Schematic illustration of the hase invers
crosslinked polytriazole membrane at 105. AC; (d)
the filtration in DMF using different crosslinked polygziole membranes; (e) UWIZ spectra for methyl

orange separation in DMF at 30. AC, 60.
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3. Conclusion

In conclusion, using the right strategy to prepare crosslinked polytriaretebrane, we can cover all
organic solvent nanofiltration ranges, making this polymer a starting platform for the chemical and
petrochemical industry.
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1. Introduction

Dynamic mechanical analysis (DMA) is rheology applied to solid (polymeric) materials that halle a we
defined shape. Namely, oscillatory tests in rheology are referred to DMAhe field of polymers
investigators are interested in correlating the structure of the polymer with their properties in order to run
the synthesis in the intended direction or to evaluate the usability of the polymeric material for a specific
applicabilty. The response of polymers to oscillatory deformation is viscoelastic. The output characteristics
depend not only on the structure, but also on time/temperature. The presentation will cover significant
results obtained with polymers synthesized in PReami Institute of Macromolecular ChemisttCMPP),

lasi, in the last yeatsind will outline few directions for the foreseeable future.

2. Experimental

Dynamic mechanical experiments were performed on a Perkin EImer DMA analyzer in tension, bending
andshear mode. Samples as films, bars and rectangular geometry were used. The isochronal experiments
were run by increasing the temperature in ramp mod€/(g8in, 1 Hz) until the temperature where on the

elastic modulus value was too small to allow the erpamt to be continued. Multifrequency experiments

were conducted by raising the temperature in-stgm mode, with the step of@/min, the soak time 300

s and the working frequencies between 0. Of0lusand 1
(E66) and |l oss factor (tan ) were recorded as a

3. Results and discussion

For a skilled user the DMA result represents the fingerprint of a polymer. A specific trend of the viscoelastic
parameters with tempetat and time for a specific polymer can be taken as the feature of it. Figures 1 and
2 displays the variation of the viscoelastic parameters for an amorphous glassy pojyohgmethyl
methacrylate) (PMMA), a high performance polymer (polyimidel), apolyurethane elastomer and a
semicrystalline poly(lactic acid)PLA.

Figure 1. Viscoelastic behavior of PMMA and a polyimide in a single frequency DMA experiment
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Figure 2. Viscoelastic behavioof a polyurethane and a PLA in a single frequency DMA experiment
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The experiment captures the evolution of the polymer sample from the glassy state, through glass transition
and rubbery plateau, until the mobility of polymer chains is so hightitegtslip past each other in the

flowing region. Depending on the nature of the polymer (thermoplastic, thermosetting, elastomer), one of
the two final steps can be absent. A polymer sci
relaxation, that is associated with the glass transition temperatgrdificontrast to other procedures (like

DSC), DMA is to a considerable extent more sensitive in perceiving this temperature that practically
dictates the boundaries for the applications. mger al , any drop of E#&hasand an
meaning; however, not any tdipeak can be associated with a relaxation. Despite the fact that it is not that
obvious as DSC in making a clear distinction between a glass transition (relaxatibna an
melting/crystallization (kinetic process), there is the option to make the difference. A multifrequency
experiment distinguishes the frequertgpendent phenomena (glass transition) from the frequency
independent phenomena (melting, crystallizatiome &triking particularity of the DMA behavior of each
polymer included in Figures 1 and 2 are: PMMA~NTL35°C) i a classical viscoelastic behavior of an
amorphous polymer; polyimide {+ 275°C)i the very high value of the glass transition temperatnde a

the presence of residual amic acid segments; polyurethgbet@Weerr50 and 50C)i large glass transition

region (hard and soft segments), network features (lowsana | u e , E6>EB66 al l ove
investigated; PLA (Tg ~ 6%C)i cold crystdization on the rubbery plateau. Tintemperature equivalence

is typical for the viscoelastic behavior of polymeric materials and is used, under certain conditions, for the
prediction of longterm propertiek In this sense, few examples will be includedhe presentation. Also,

a challenging issue is the utility of DMA in evaluating polymers with dynamic covalent®%onds

4. Conclusions

DMA represents a mustave analytical technique for the investigations of some unique properties of
polymers. It is @ensitive mean to detect secondary and primary relaxation in polymers, while a temperature
scan evaluates the EO6 and EO modul i in a singl
performed on shapeless samples and the correctness of the dirméssinicial. Depending on the final
purpose, DMA can be timeonsuming and the insight of the experimenter in interpreting the results is
crucial.
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1. Introduction

The creation of cosffective and advanced materials for water treatment is one of the ongoing challenges
of the century. Among the various new materials, electrospun membranes are considered to be the most
versatile candidates for efféa treatment of water, filtration and separation because of their high surface
area, high porosity and lightweight.

Currently, a great attention has been paid on the photocatalysis as one of the most effective and ecofriendly
technique for degradation @hany organic pollutants. In this relation, one of the most reported and
commonly used photocatalyst in the removal of organic pollutants is titanium oxidg bE€ause of its

ability to generate hydroxyl radicals (§@nd superoxide radical anions?@upon U\tlight irradiation.
Particularly, various studies revealed that poly(methyl methacrylate) (PMMA) is an appropriate host matrix
for TiO, because of its excellent transparency for light, good environmental inertness, chemical and thermal
stability, and relatively low cost.

Electrospinning has emerged as an appropriate technique to prepare polymer composites loaded with
inorganic particles. Although electrospun PMMA/Ti€@mposites have been recently reported, to the best

of our knowledge, there isonthorough study on the effect of Ti@anoparticles as a filler in uniform
defectfree fibers on the properties of electrospun PMMALIGOMposites. In the past few years, we have
demonstrated the possibility for fabrication of multifunctional hybrid nelte by electrospinning®
Electrospun materials based on polf@iroxybutyrate) and TiQwith tailored design, displayed excellent
stability and preserved almost completely their photocatalytic activity.

2. Experimental

Solutions of PMMA (15% w/v) irDMF were prepared by heating at 50°C using a reflux condenser. In
order to obtain PMMA/5Ti@and PMMA/10TiQ composites, Ti@nanopowder (5 and 10 wt. % with
respect to PMMA) were added to the PMMA solutions. The obtained dispersions were homogenized by
sanication for 1 h in an ultrasonic bath.

The experimental electrospinning setup was comprised of high voltage DC power supply, rotating collector,
needle for syringe (i.d. 0,6 mm x o.d. 0,9 mm) and syringe pump for delivering the spinning dispersions.
Electospinning of PMMA solution and PMMA/Tigdispersions was performed at 15 kV applied voltage,
needle tipto-collector distance of 10 cm, 2 ml/h flow rates and collector rotation speed of 1200 rpm. These
optimal electrospinning conditions were found byitesbf various combinations of processing parameters
(applied voltage, flow rates and needlettygcollector distance).

3. Results and discussion

In the present study electrospinning was successfully used festemefabrication of poly(methyl
methacryhte) (PMMA) fibers loaded with an inorganic photocataly$iO,. By tuning the PMMA/TIQ
ratio and the electrospinning conditions (applied voltage, needle-tipllector distance and flow rates),
PMMA/TIO, composites with selected organic/inorganicastitailored design and targeted properties
were obtained.

The morphology of the electrospun composites was affected by the amount.dghda@porated into
PMMA fibers as shown by SEM analyses. The SEM micrographs clearly shows that the selected
concentrdons and electrospinning conditions lead to the fabrication of cylindrical, uniform and-fietect
fibers with a certain fiber alignment in the direction of collector rotation. Interestingly, the surface of the
composite fibers was decorated with Ti®oreover, with increasing the Ti@oncentration into PMMA
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fibers, the number of the particles onto the fiber surface increase.

In addition, the inorganic photocatalyst had an impact on the wettability of the electmmspposites.

Contact angle measurements revealed that the wettability of the composites might be easily changed from
hydrophobic to superhydrophilic after 1 h Uight irradiation. In particular, Ti@had slight impact on the
thermal stability and opticgiroperties of the composites.

It was found that incorporation of the inorganic component resulted in a significant increase in the modulus
of elasticity and tensile strength, and a decrease in elongation at break. Furthermore, PMMA/TIO
composites preservalmost completely their photocatalytic activity and show excellent photocatalytic
efficiency against model organic pollutdnmethylene blue, even after threefold use. Thus, the proposed
original and simple approach is very promising for the future dpwatnt of highly efficient membranes

for photocatalytic water treatment.

Photodegradation
of methylene blue

. ¢ —3
. D60 120 180 240 300 360 420 480 540
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1. Introduction

Molecular photoswitches are known as liggsponsive systems that are designed to enable to change the
internal coordinates with high spatiotpanal resolution. These classes of compounds have found
applications in nanomachines and smart materials, actuatorssdigsitive materials, design of light
modulated molecular devices, photoswitches for protein modufation.

Azobenzene is a chemical mpound that belongs to the class of photochromic molecular systems.
Moreover, azobenzene compounds represent molecular systems that are capable to modify the
intramolecular coordinates during the isomerization process, resulting distinct geometriesnpiahate

and spatial precision. In the case of the azobenzene chemical system, two isomers have beetrgngposed
andcisisomers. The equilibrium geometrytofinsisomer in ground state has an orientation to be a nearly
planar or coplanar structdréand it is the most stable conformer by thermodynamic point of view. On the
other hand, theis isomer is a twisted molecular system with a-goplanar geometry ori¢gtion being
metastable due to the effect of distorted conformation having into account the sterically repulsion between
aromatic moietie$3The isomerization reaction from th@anstocisi somer i s acti vipted w
(Figure 1). This reactioin case of azobenzene derivatives is a reversible process.

Thecistransr ever se i somerization can be realized by t
temperature is the most important factor, and the second path, back conversion, wiadt [gacess,

whi ch can be dr i vy Rigude . Thebesisomdrizmtion progdsses s(ggest that the
azobenzene structure has distinct geometries due to the intramolecular conversion with different temporal
and spatial precision.

Figure1.Trans 2 <ci s isomerization reaction of

Theoretical and experimental determinations revealed that in the azobenzene derivativessemanatid
absorption bands in the UMs range appear. A strong absorption bandhiet UV r egi on’, wher
vertical transition (SY fpoccurred and an absorption band located in the visible range, much weaker in

i ntensity, ar’ifsbiddegexditationSyad n Y

The substitution of azobenzene unit with different substituents can introduce modifications in the electronic
structure and into the isomerization mechanism. Unless specified the mechanism of isomerization reaction
of azobenzene derivatives is unresolVedur mechanism pathways have been proposed to occur during
isomerization: rotation, inversion, concerted inversion, and inversion assisted by rotation. These
mechanisms involve a maodification of internal structural coordinates sud+bk bond length, EN=N

or N=N-C valence angles andlI=N-C dihedral angles during the internal conversion. Nevertheless, the
mechanism of isomerization in case of azobenzene derivatives is still unresolved and open for debate.

In this study the main idea was to investigateelectronic structure of some azobenzene derivatives having
maleimide functional groups by a DFT, IMFT andab initio computational determinations. The
theoretical results were compared to the experimental data frowid Ahalysis.
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2. Computational deails

All calculations were based on DFT and -DIBFT and ab initio theories and have been carried out with
Gaussian G16 software.

3. Results and discussion

Theoretical calculations revealed that the electronic configuration was modified when the az®lbenze

was substituted with maleimide groups. The maleimides units introduce a charge transfer (CT) along the
excitation pathway. This CT effect appears because the maleimide moieties polarize the azobenzene core
(Figure 2) and introduce the lelying transitions.

Figure 2. Polarization effect introduced by maleimide moieties on the azobenzene core

~Excited state

~Ground state

The presence of maleimide fragments at the azobenzene core influences- ttrans interconversion
barrier by decreasing the activation energy by 7 kadlém compared to unsubstituted azobenzene, thus
favoring the inversion assisted by rotation isomerization mechanism.

4. Conclusions

Comput ational results showed t haGT tahneT loialyingi mi de
transitions having acharge transfer effect. These transitions appear as effect of interaction (an
intramolecular interaction) in excited state between azobenzene unit and maleimide groups and have
implications on isomerization process.
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1. Introduction

Enantioanalysibecame lately a very important tool in pharmaceutical and clinical analysis. Like chiral
drugs with enantiomers having different pathways in the body, chiral biomarkers can indicate different
diseases. Most of the chiral biomarkers were already studielihinjans, and it was concluded that there

is of high importance to perform enantioanalysis in order to have the correct diagnostic.

2. Results and discussion

For fast screening tests developed for cancer diagnosis, biomarkers like CEA;LAdithotalways
conduct to the diagnosis. We did identify some enantiomers of amino acids that are found only in patients
confirmed with cancer; screening tests based on the identification and quantification of these biomarkers
may conduct to a faster diagnosiseThols used for enantioanalysis as well as the results obtained will be
shown.

Stochastic sensors were designed, characterized, and employed as alternative of amperometric and
potentiometric sensors for enantioanalysis of specific enantiomers. Fasirggreethods were performed
with high reliability.

3. Conclusions

This study opened a new era for the enantioanatysigomarkers with chiral moiety in order to establish

the role of the enantiomers in early diagnosis of cancers like gastric cancer, and can establish if the
enantioanalysis of amino acids such as glutamine is a key factor in establishing the metalprmregs

in gastric cancer. Ratios between L and D enantiomers may also indicate the stage of cancer faster than any
other analysis; clinical studies in this regard were already started.
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1. Introduction

Bisphenols are a family of pherlbdsed building blocks widely used as additives for the synthesis of-epoxy
resins and polycarbonatésdany studies reported that bisphenol S (BPS) is frequently detected in the
aqueous environment, and it also exhibits severe adverse effects on human health, such as estrogenic
activity and carcinogenicityFor this reason, over the last few years, madoglies have been conducted

on the removal of bisphenol as a pollutiint this context, cyclodextrins (CD) play a crucial role thanks to

their molecular recognition abilities in aqueous solvent.

During the synthesis of 4 4lihydroxydiphenyl sulphonet{4’-BPS)large quantities of the isomeric 2,4
dihydroxydiphenyl sulphong,4-BPS) are formed as kyroduct. Consequently, the commercial product
known as bisphenol S is in fact a mixture of both isomeric dihydroxy diphenyl sulphones, as the purification
of the pure bisphenol S (4,4") isomer from mixtures with the-i@pther cannot be easily achieved.
Unfortunately, the presence of the 2igdmer complicates the issue of molecular control in the field of
application of bisphenol S and increases thateel pollution problems.

While many studies have been reported concerning the molecular recognition-dihgdtoxydiphenyl
sulphone4,4-BPS) i nsi de t he kP dhRaqueohssystens, todaewno infgrmatoh hab

been reported regardinggth ¢ o mp | e x at i-©Dntoward thd 2i4isomer sn watdr. Pfompted by
these considerations we eval u&D dowardt theetwo dsomepcl e x a t
dihydroxydiphenyl sulphones, in solution, solid state, and gas phase.

2. Resultsand discussion

The formation of the inclusion complexégt-BPS@b-CD and?2,4-BPS@b-CD was proved by 1D and

2D NMR (NOESY and DOSY) experiments (Figure 1), while ITC investigation evidenced tHaChe

host shows a greater affinity fdr4’-BPSwith respect to its isomet,4-BPSwith a4,4-BPS/2,4°BPS
selectivity ratio of about 6.3. [T shows clearly that the formation of the 1:1 species results enthalpically
favored and driven but accompanied by an unfavorable entropic change. These results indicate that the
formation of the inclusion complexes is driven by stabilizing secondary atitara between BPSs guests
andb-CD.

The formation of the inclusion complexes betweerbtH@D and the two isomerid,4-BPSand2,4-BPS

was detected also in gas phase by FT ICR ESI MS studies. This result confirms that the presence of
secondary interactions between BPSs guest®&2id host plays a crucial role for the formation4# -
BPS@b-CD and 2,4-BPS@b-CD complexes. In gas phasepllisionrinduced dissociation (CID)
experiments indicate thdt4-BPShas a higher kinetic barrier to escape fromfHeD cavity than the
isomeric 2,4-BPS. X-ray investigation (Figure 2), show that the solid state, thd,4-BPS@b-CD

complex forms éheadto-head dimer constituted by twe®CD macrocycles, which hosts twh4-BPS

guests. The dimer df-CD is sealed by seven strongh#énding interactions involving exclusively the
secondary O3 hydroxyl groups. Analogously B -BPS@b-CD complex formsa dimeric assembly in
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the solid state in which tw®,4-BPSguests were included into the cavity. In the solid state, the inclusion
of 4,4"-BPSguest inside the-CD cavity did not result in complete watdesolvation effect, in agreement
with the resultof the ITC study.

Figure 1. Left- *H NMR spectra (600 MHz, 298K ,0) of: a)b-CD; b) equimolar mixture ob-CD and
4,4’-BPS c) 4,4"-BPS d-e) Expansion of thtH NMR spectrum (a) and (b); (f) Significant portion of the
2D NOESY spectrum of thed’-BPS@b-CD complex. Right'H NMR spectra (600 MHz, 298K ;D) of

a) b-CD; b) equimolar mixture db-CD and2,4-BPS c) 2,4-BPS d-e) Expansion of thtH NMR
spectrum(a) and (b); f) Significant portion of the 2D NOESY spectrum a2 #eBPS@b-CD complex
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Finally, the formation of inclusion complexes betwdehi-BPSor 2,4-BPSandb-CD was also confirmed

by FT IR, DSC and TGA analysis. DSC curves evidenced significant changes in material propgédies of
BPS@b-CD and 2,4-BPS@b-CD complexes in comparison to starting raw materials; unexpectedly no
thermic stabilization was detected b@A analysis for boti,4-BPSand2,4-BPSupon inclusion inside
theb-CD cavity.
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1. Introduction

Silks are natural protein materials constituted of various assemblies of polypeptide and protein subunits
which are generally classified as fibrous proteins. The proteins are produced by the larvae of domesticated
Bombyx Morimoth. They are very promisingiomaterials with different relevant applications tissue
engineering, regenerative medicine, or drug deliv8iye major protein in the silk assembly is the fibroin

being also the most abundant {80%). Sericin, the second main protein component ofitkehas been

also acknowledged as a potential biomaterial in recent yeills.sericin was less studied and used as
compared to fibroin. In most of the cases, the wstduble sericin is removed from silk to purify the fibroin

and to obtain a more biompatible material. Therefore, silk sericin was hypothetically considered to have
allergenic activity. The latest literature has shown that this issue was highly speculative and based on
misinterpreted research results. The experimentally research hadsdieates that silk sericin can function

as a substrate for tlie vivoregenerative medicine or as a powerful tool innovative hanotechnology in drug
delivery and gene therapy. The delivery of exogenous DNA fragments offers a promising approach for the
treament of numerous genetic disorders including cancer. Numerous research studies had successfully
reported gene delivery based on recombinant spider silk proteins or silk fibroin nanocorhpiettés.

regard, silk sericin is the next silk protein takemsight for such mission.

2. Experimental

The present study reports the silk sericin biofunctionalization based on atom transfer radical polymerization
(ATRP) technique for the development of sstsembled nanocarriers. In this context, the silk sesiamn
reacted with alkyl halogens in order to provide the available halogen sites. The synthesis pro@mt (Ser
was purified via dialysis p for one week using special cellulose membrane. The modified silk sericin was
studied in terms of solubility behaviosing several organicorganic solvents. The next step involved the
growth of polymeric synthetic chains by a grafting procedure based on ATRP. Polymeric chailys of p
(2-dimethylamino ethyl methacrylate) (PDMAEMA) were grown in a controlled mannedér o design

a biofunctionalized silk sericin with the desired chemistry. The final synthesis produiISEXEMA)

was purified by filter washing with dimethylformamid&he two synthesis pathway products were
successfully characterized by physidtemtcal means in order to reveal the chemical modifications (FTIR,
RAMAN, NMR).

3. Results and discussion

The first product, SeBr, was investigated by FTIR, RAMAN and NMR (H and C) to prove the
esterification reaction between the hydroxyl groups from thkessricin backbone and the carboxyl groups

of the alkyl halogen. The investigation results revealed the silk sericin modification. The final synthesis
product, SePDMAEMA, was also investigated by FTIR, RAMAN and NMR (H and C) in order to reveal
the progr and controlled growth of the PDMAEMA chains. The results showed the presence of
PDMAEMA chains with a reduced number of DMAEMA units on the silk sericin side chains. The
biofunctionalized silk sericin was investigated in terms of solubility using v&solyvents. The solubility

was mainly studied to choose the proper solvent for the furthelas®timbly process to generate
nanocarriers. The two synthesis reactions are presenteduireFig
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Figure 1. Modification of the silk sericin with alkyl halogen (left); PDMAEMA chains growth on the silk
sericin backbone as side chains (right)
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4. Conclusions

In conclusion, we showed here the functionalization of silk sericin protein with PDMAEMA by ATRP. Th
biofunctionalization of silk sericin was evaluated by modern and powerful analytical techniques. Further
investigation regarding the molecular weight distribution and precise determination of the grown units is

under research. The final product was siilzddd in proper solvents as an important step for further
development of the nanocarriers.
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1. Introduction

3D bioprintedscaffolds has been proposed as an alternative approach of the tissue engineering in order to
restore the damaged tissdeBasis of the bioprinting process are bioinks that contain polymeric
biomaterials, especially hydrogels, obtained from natural ahstin polymerg€Natural polymers are used

often due to the fact that they present biocompatibility and provide a favorable environment for cell
attachment and proliferation. In order to improve these properties, the polymers undergo modifications,
beingsubjected to physical and chemical crosslinKifibis paper presents the obtaining of 3D bioprinted
scaffolds using bioinks based on gelatin methacrylate (GelMa) and poly(ethylene glycol diacrylate). The
supports made by bioprinting were characterizedcangpared to establish the optimal composition of the
biocernel and their applicability in soft tissue engineering.

2. Experimental

Gelatin was modified according to the protocol described by Caimai and collaboratorsadding some
changes to the mettoBriefly, a 10% (wt/wt) solution of gelatin was prepared by dissolution of the
biopolymer in PBS (0.01M, pH 7.2) and methacrylic anhydride was then added dropwise; the reactions
were carried out for different time intervals, respectively for 2, 4, 68hdurs, at 50C.The resulting
mixtures were then dialyzed against distilled water for one week to remove unreacted reagents and then
freezedried.For bioinks preparatioiGelMa products (20% wt/wt) were dissolved in PBS (pH 7.2, 0.01M),
poly(ethylene glgol diacrylate) (PEGDA, as a crosslinker) and lithium phewl6
trimethylbenzoylphosphinate (LAP, as a photoinitiating agent) were added and the mixtures, homogenized,
bioprinted (Celllink Inkredible bioprinter) and after that freelzeed for charactézation. The bioink
rheological behavior was evaluated with an MCR 302 Anton Paar rheometer equipped withgatallel
geometry and Peltier temperature controller. The upper plate radius was of 30 mm and the selected gap was
of 500 e&m. T hawior efhthe aamplds was ollotvesl lat different constant temperatures of
interest (25C, 37 C, and 60C). The obtained scaffolds were characterized for their structure, morphology
(SEM microscopy), and swelling behavior in simulated physiological conddiutis vitro degradability.

In vitro evaluation of citocompatibilitynormal fibroblasts from albino rabbit) was also performed by the
direct contact method, supported by morphological analysis of cell culture.

3. Results and discussion

Gelatin modification and bioink rheological properties. FT-IR spectroscopy and NMR adhdicate that

the primary amino-NH.) and hydroxyl {OH) groups of gelatin had reacted with methacrylic anhydride,
which was grafted onto the protein chain and the degree of modification is dependent of the reaction time.
The flow curves obtained in $ilanary conditions permitted to reveal that the prepared bioinks present a
Newtonian behavior at very low shear rates (when the structure is similar to the rest state). With increasing
the shear rate, they have a shear thinning behavior (a decreaseosityisdhe hydrogel structure is
disturbed by the applied shear forces, leading to new interactions.

Scaffolds Morphology: The 3D structure of the scaffold depends on the condition of the material
bioprinting and crosslinking, and scanning electron mapg indicatedthat the synthetic polymer
PEGDA reacted with GelMA, leading to a significant development of the pore diameter which make them
suitable for cell growth and proliferation.
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Figure 1. SEM images of GelMa and GelNPEGDA scaffolds

Gelta BH

Swelling behavior and in vitro degradation of the scaffoldsDegree of swelling of materials in contact

with phosphate buffer solution were subjected to analysis for both GelMa and-BEIGIRRA scaffolds.

The addition of the PEGDA polyméas the effect to diminish the capacity of swelling and the effect was
more pronounced for highly modified biopolymén vitro degradation kinetics in the presence of
collagenase for all modified types of Gelldarous materials and mixtures showed a significant influence
between the type of GelMa (reaction time between gelatin and methacrylic anhydride) and PEGDA on the
rate and degree of degradation. The introduction of the PEGDA polymer into gelatin madtises a
decrease in the degradation rate of the material.

Scaffolds cytocompatibility and morphological analysis of cell culture.All materials intended to be

used for medical@plications must be tested by means of biocompatibility. One of the standays &s

MTT study forin vitro evaluation of citocompatibility by the direct contact method and morphological
analysis of cell culture. Cell viability values at 72 hours demonstrate that cells in the culture are not affected
by direct contact with materil(cells viability > 90%). In addition to the MTT test, a live/dead staining
assay was performed. Sterile hydrogel samples were put in direct contact with cells. Cells were fixed using
formic aldehyde for 24 hours and then stained by the-@ldywald-Giemsa method. According to the
obtained data it is obvious that the cells adhered to the substrate, forming a uniform monolayer and have a
characteristic shape of fibroblasts.

4. Conclusions

The present paper aimed to obtain scaffolds by 3D printing of nemkbibased on methacrylate gelatin

and PEGDA. According to the results of tests performed, it was observed that the bioprinted scaffolds have
pores that favor the diffusion of nutrients for cell development; their degradation rate can be controlled by
composition and bioprinting conditions. A careful rheological characterization of hydrogels was done in
order to optimize the formulations. Quantitative rheological properties for defining biomaterials are
analyzed to enable easier choice of the targeted retstucture. Moreover, it has been found that the
scaffolds based on GelMa and GeHdBGDA does not have a cytotoxic effect on the biological elements.
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1. Introduction

Drug targeting is defined as being selective drug delivery to specific physiological sites (organs, tissue,
cells) where their pharmacological activity is required, and targeted drug delivery is one of the main
chale nges of todaysdé medical worl d. The major dra
capable of maintaining the host in a good state/condition while delivering the drug to the target point and
then remotely releasing it in a controlled manisaveral systems have been suggested as delivery hosts,
including liposomes, block copolymers, dendrimers.

Recently efforts have been devoted to the design of microcapsules that break on demand in response to
external stimuli, thus releasing tbentent entrapped inside the shell. One such type of capsule is composed
of polyelectrolytes, a class of polymers that carry charged functional groups.

Ultrasound has been used for diagnostic medical imaging as well as therapy. A variety of ultrasonic
processors and instruments exists and are available in clinics. Lately, High Intensity Focused Ultrasound
(HIFU) was used as a surgery tool and is clinically evaluated in breast, kidney, and liver®tumors.

2. Experimental

Microcapsules consisting of alternate layers of poly(styrene sulfonate) (PSS, 70 kDa) and poly(allylamine
hydrochloride) (PAH, 15kDa) were prepared following LbL technique. One layer of iron oxide
nanoparticles (R4, 15nm) was embedded between the pelgteblyte layers as thé'46", 8" or 10"

layer of a total of 12 layers. The model chosen for the drug to be encapsulated was the readily available
protein bovine serum albumin (BSA) labelled with Rhodamine B isothiocyanate (RBITC) dye.

A solid gel mé#rix designed to mimic the body was used. The gel loaded with dispersed capsules was placed
in a degassed waterbath{134 e C) on a hol der . Ultrasonic irradi
Imaging Probe System (HAIFU, China). The frequency of fedudtrasound was 1 MHz.

The samples were exposed to continuous high intensity focused ultrasound (HIFU) for a predetermined
time to mimic possible ¢éreal |life O6treatment durt
and time of exposure wevaried.

3. Results and discussion

The integrity and lifespan of the microcapsule play a crucial role in the transportation and deployment of
drugs to the target site.

In this study different types of microcapsules composed of twelve layers with irop (&x&D,)
nanoparticles (15 nm) in one or other layers. The immediate result of nanoparticle incorporation is an
increase in size compared with control capsules of 12 layers without nanopatrticles (Figure 1).

After the ultrasonic HIFU irradiation the surumg capsules intact capsules were recovered by dissolving
the gel mimic sample in hot water (50 °C), centrifuging the mixture and removing and throwing away the
supernatant liquid, which contained the ruptured capsules.
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Figure 1. Mean capsule size diameter
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Figure 2.% Ruptured capsules after HIFU treatment
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The number of ruptured capsules of each sample type was determined via hemocytometer readings post
HIFU treatment and calculated as a percentage of the untreated oagnéé gFigure 2).

4. Conclusions

Polyelectrolyte capsules having iron oxide as on
very important features: controlled transportation and remote triggered release. Taking into consideration
the spettic behavior of each type of capsule used in this investigation, and the function of the placement

of the nanoparticles within the shell layers, they can be designed to serve a certain purpose: release of
encapsulated content by placing iron nanoparticleser to the central core or complete breakage of the
capsule carrier by placing the particles closer to the shell surface.
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1. Introduction

Infections caused by microorganisms are a serious problem related to human healthcare, which may appear
in both wound healing and in biomedical implant fouling. There are many opportunistic pathogens which
generate infections, among whiStaphylococcus aaus, Escherichia coandCandida sppare the widest

spread, causing problems from tissue morbidity, sepsis or implant replacement.

Therefore, in this context, the development of new materials with broad antimicrobial properties are needed.
Among the materials used in the treatment of microbial infections, hydrogels based on chitosan are

intensely used due to their intrinsic properties
potential for the obtaining of antimicrobial magds, due to their superior biological properties, compared
to chitosar?.

In this context, the present study had as objective the synthesis of systems based on chitosan oligomer with
broad spectrum antibacterial activity, with specially designed andedilmoperties, at multiple levels.

The systems were designed as hydrogels, meeting the requirements for wound healing and biomedical
applications, due to their structural building blocks and also due to their morphological particularities.

Moreover, the ystems contain -Pormylphenylboronic acid (EFPBA), a monoaldehyde known in the
literature for its ability to induce chitosan gelation, possessing also strong antifungal activity against
Candida, both albicans and glabrata on planktonic yeast and biofilm

2. Results and discussion

Eighteen hydrogels were synthesized by the acid condensation reaction of chitosan oligomers with different
polymerization degrees aneFPBA, by varying the molar ratio of their functionalities.

The hydrogels and the corresporgixerogels were characterized from the structural point of view by FTIR
and NMR spectroscopy, both techniques revealing the formation of reversible imine linkages between the
reagents.

Figure 1.POM image of CHOS20 ( a) s a mp | e 6 s-lampnilunsiration (b) and WXRDr U V
diffractograms of some representative samples
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The supramolecular architecture of the hydrogels was investigated by polarized mpticatcopy and
Wide-Angle X-ray diffraction. All the samples presented birefringence under polarized light (Figure 1a)
indicating a highly ordered structure. These d
diffractograms presenting three diffractipeaks which indicated a threlémensional layered architecture

of the investigated samples (Figure 1b).

The swelling degree was assessed by calculating the mass equilibrium swelling, reaching a maximum of
25 in water and 9 in PBS for the most hydrophiilmple. The enzymatic degradability was evaluated in

the presence of lysozyme, both the gravimetric measurements and the SEM imagegywost contact
revealing that the hydrogels were easily erodible. The rheological measurements demonstrated the gel like
behavior of the samples and their thixotropy, important characteristic for their future biomedical
applications. The new synthetized hydrogels were tested for their antimicrobial activity against common
and virulent microorganisms, proving very good aatiierial properties againSt aureusnd outstanding
antifungal properties. These data, along withitheivo biocompatibility of the hydrogels, demonstrated

by their administration in mice, recommend them as materials with broad antibacterial spectrum, adequate
for bioapplications

Acknowledgements

This work was supported by a grant of the Ministry of Research, Innovation and Digitization,
CNCS/CCCDIi UEFISCDI, project number PD204/2020, within PNCDI 1l and by the project H2020
MSCA-RISE-2019: Smart Wound Monitoring Restorative Dressings (SWOR®) &A3123) andby the
project APetru Poni I n s t-Interdigciplinagy fPol fdraScartdSpeaidlizaton | a r
through Research and Innovation and Technology Transfer in Bio(nano)polymeric Materials and
(Eco) Technol ogy 0,570, GontMet 14P/20110.2016 IMySMIS3 B)7464).

1A.S. Veiga, J.P. Schneidéiopolymersl00, 637644, 2013

2N. Tabassum, S. Ahmed, M.A. Alarbohydr. Polym261, 117882, 2021

3D. Ailincai, L. Marin, S. Morariu, M. Mares, A.C. Bostanaru, M. Pinteala, B.C. Simionescu, M. Ba@aohohydr.
Polym.152 306316, 2016




: Progress in Organic and Macromolecular Compounds
(MACRO lasi) 2021 i ; o

SILOXANE/SILANE DERIVAT IVES BASED ON 5AMINO -1,3,4THIDIAZOLE -2-
THIOL AND THEIR GOLD COMPLEXES: INTERFACIAL PHENOMENA BASED ON
PHOTOLUMINESCENCE

Madalin Damoc,** Alexandru Constantin Stoica! Mi h a e | a 'Mna-Maria Magsjm,*
Radu lonut Tigoianu,! Diana Blaj,! Alina Gabriela Rusu,! Mihail lacob,?Maria Cazacu?
!Petru Poni Institute of Macromolecular Chetnjs Romanian Academy, lasi, Romania
2CTsystems AG, Uberlandstrasse 129, 8600 Diibendorf, Switzerland
*damoc.madalin@icmpp.ro

1. Introduction

Aggregation induced emission luminogeapresent a special class of molecules for high fidelity imaging.

In order to enhance photoluminescence, an original idea is couplingHig&j#zole with a siloxane/silane
moiety able to induce se#fssembly capacity, biocompatibility and hyperconjugation between the moieties.
This work is a continuatioof our previais studieg, wherein several experimental observations arise some
guestions. For instance, what would be like to determine critical micelle concentration and couple it with
fluorescence? What would be like to take a deep insight on the rigidity of atggragd their influence on
emission? What would be like to create supramolecular structures in water for further biocompatibility? All
these questions shall be answered herein.

2. Results and discussion

Herein, 5amino1,3,4thidiazole2-thiol has beeneacted with (Zhloropropyl)trimethylsilane (kLY),
(chloromethyl)trimethylsilane (H2?), bis(chloromethyl)dimethylsilane H°) and 1,3
bis(chloromethyl)tetramethyldisiloxane {tf) by an analogous Williamson reaction of thiols, obtaining

four 4-new amins (Figure 1). These compounds were completely characterized by FTIR, NMR, XRD and
elemental analysis. The aggregation behavior has been highlighted by Wilhelmy method in DMF solution,
successful only for HL.* and HL* with critical micelle concentration (@C) ranging around 1610t M.
Photoluminescence studies by varying concentrations revealed that once the micelles appear then emission
occurs (Figure 2).

Figure 1. Chemical structures of the new four amines
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The determined quantum yield was about 20% and the emission lifetime, of the order of nanoseconds,
indicated two processes in excited state, assigned to the excimer formation. Fluorescence anisotropy
revealed low orientational order around 0.2, perfealembling TEM and DLS analysis, wherein low
ordered micelles were noticed with high diameter, around 2000 nm. To avoid the toxic effect of DMF and
high CMC, the micelles were prepared in water/ethanol mixture, successful for all compounds. The
emission ofmicelles in water was red shifted, but roughly with the same quantum yield. The emission
lifetime indicated the same processes in excited state and also of the order of nanoseconds. The orientational
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order determined by fluorescence anisotropy in water avaand 0.9 that resembles TEM and DLS
analysis, wherein spherical micelles were observed with diameter of 500 nm. Besides, the determined zeta
potential indicates good electrokinetically stability, abdftmV.

Figure 2. Excitation emission matrix and Gibbs adsorption isotherm far Hicelles
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In order to enhance fluorescence, the four amines were further reacted with chloroauric acid. In our
attempts, so far, only the gold complexes gf +and HL? have been fully synthetized, the others being in
progress. The products were characterized by FTIR, NMR and MM®They show good
photoluminescence activity, starting from concentrations arouidil(Figure 3). The mosgxcitingfact

is that the gold complexeshowednear infrared (NIR) excitation band, poomisindor further studies,

since phototaxis by NIR might be employed. The latteuldespond at photstimulus throughproperties

such as mechanical, thermal and emissioratdie same timé.

Figure 3. Proposed structure and emission intensity variation with concentrationl3fgdld complex
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3. Conclusions

The essence of this study was coupling the critical micelle concentration with photoluminescence. It was
fulfilled by synthesis of the silane/siloxane diamines, which obeyed the aforementioned. The compounds
assessment revealed surface activity, goodreldogtically stability, quantum yields about 20%, lifetime

of the order of nanoseconds and high orientational order in water. Not in the end, our work will be continued
by completely synthesis of the gold complexes and boostingsttieirtific and applig value
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1. Introduction

Thermal management has potential applications in multiple areas such as buildings, electronics, and
clothing. The animakingdom provides inspiration for materials with application in thermal management

i the mirror spide(Thwaitesia argentiopunctat@an dynamically shift its skin color and light reflectance

due to guanine patches found on the abdomen which are switghieel imuscle cells between contracted

and expanded states. This architecture provided inspiration for development of polymer nanocomposite
materials with active control of infrared radiation, replicating the capability of spider to change the
reflectance ad transmittance of light in the infrared wavelength range. Such a pehased materials are
prepared without use of volatile organic solvents and are safe for human use.

2. Experimental

The procedure at laboratory scale (Figure 1) involves doctor blading a layer of linear polymer with low
thermal emissivity (10100 micron thick), followed by another nanometer thick metal oxide layer with
pulsed laser deposition, doctor blading of a lagkehigh emissivity polymer (ZQ00 micron thick),
lamination of support fabric, thermal aging on hot plate, and delamination from substrate resulting in
patches of functional material. This is a material with two dissimilar sidies side active for coolg the

skin by removing heat through infrared radiation emission to the environment, and the other side active for
heating the skin by emitting infrared radiation towards the skin.

Figure 1. Preparation steps for thermal comfort nanocomposite materials
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The resulting nanocomposite films were characterized in terms of mechanical (Instron 3365 Universal
Testing System, USA), morphological (SEM Thermoscientific Verios G4UC), and thermal infrared (FLIR
C2 infrared video camera, USA) properties.

3. Results and discussion

Currently, t her mal management employs either HfAp:
ondemand control of temperature, it is also complex and requires continuous energy input. An ideal
thermal management platforsmould bring together the advantages of both passive and active systems.
While space blanket demonstrates a wonderful combination of low weight, compactness, and
manufacturability, it is a static technology that can not dynamically change the amousit reffleeted in

the form of infrared radiation the space blanket is either worn on or it is taken off by the user. We took
inspiration from the dynamic capabilities of the mirror spider to change its skinfoolpreparation of
polymer nanocompositeshich can be actuated electrically or mechanically to modify their reflectance and
transmittance for infrared radiation in the electromagnetic specftfinus, we developed a scalable
platform for which no analogue exists and that enables adaptive corttretoial radiation exchange, with
polymeric substrates which regulate a heat flux of >40 W/m”~2. The mechanism for the modulation of
radiative heat flux is based mostly on the difference in emissivity of each of the two sides of the
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nanocomposite thermal wdort material (Figure 2) and also with actuation (mechanical or electrical) of
the nanocomposite.

Figure 2. Setups for cooling and heating for the two sides
of the nanocomposite thermal comfort material
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For developing a thermal model for these malgrithere are multiple initial hypothesis which must be
considered and for each side of the thermal comfort nanocomposite we can draw the different heat flows
affecting the material and the skin. Using these equations, together with experimental daga on th
temperature of the inner and outer sides of the material for cooling setup and for heating setup, we can
choose polymer materials with desired IR properties, and we can also change the air gap thickness so that
the total cooling or heating capability thfe composite material balances the total heat generation or heat
loss rate. From these equations, we can find the maximum (for cooling setup) or minimum (for heating
setup) ambient temperature which can be sustained without compromising personal thrforal ¢

Figure 3. Measurements for cooling and heating for the two sides
of the nanocomposite thermal comfort material
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The measurements with the cooling setup show the maximum temperature at which the total cooling
capability of the composite materiahlances the total heat generation rate varies from around 31 °C for
unstretched material to 29 °C for material stretched with 20% (Figure 3). The images recorded with the IR
camera demonstrate this mechanism, where the temperature recorded for the srchveitiveinactuated
nanocomposite shows a temperature close to the environment (20 °C), while under strain the temperature
recorded with IR camera gets close to that of the skin (34 °C) (Figure 3).The measurements with the heating
setup show the maximumniperature at which the total heating capability of the composite material
balances the total heat loss rate varies from around 12 °C for unstretched material to 10.5 °C for material

stretched with 20%.

4. Conclusions

The nanocomposite described hees be integrated with textile cloth for development of an artificial
thermoregulatory platform. It demonstrates capacity to control in a dynamic manner both cooling and
heating within a single piece of material due to its two sides with different th@mopérties. Such
nanocomposites can be manufactured from affordable scalable polymers, with potential for significant
energy savings when applied on a global scale.
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1. Introduction

Tackling the problem of globatarming involves, among others, the control of greenhouse gas emissions
to the atmosphere. To reduce the amount of @@ission, new efficient and economical solutions are
required. One of the developing directions is mushbustion carbon dioxide capture using selective
polymer membranes. In comparison to conventional methods, membrane gas separation has many
advantagessuch as low membrane fabrication and energy costs, simplicity and compactness of membrane
modules, as well as ease of their adaption to already existed installations. To be competitive to other
methods, membrane technology requires the availability ofltrenes with high separation parameters,
good mechanical strength, and thermal stability. To overcome limitations resulting from Robeson's upper
bond, different kinds of modification of polymeric membranes have been perfo@nedof the current
researcheis thermal treatingwhere the formation of new functional groups and clioging is occurred,

such as a thermal rearrangement of polyhydroxyimide to polybenzoxazoles (RB@her type of
moadification concerns dispersing inorganic fillers in a polymatrix to obtain higkperformancamixed

matrix membranes (MMM)The combination of high selectivity of sieves and good processability of the
polymer has been expected to occur. In this work, the effect of the presence of nonporous fumed silica
particles @ physical, thermal, mechanical, and gas transport properties of MMMs before and after their
thermal rearrangement to PBOs has been investigated and discussed.

2. Experimental

I n this wor k c ghafiugraisoprogyéderfe)diphthalidanmdii(6FDA), and anixture

of 3,3-dihydroxybenzidindHAB) and 2,3,5,6 tetramethyl, 4phenylenaliamine (4MPD)in 3:1 molar

ratio was synthesized and investigated (Féd.). The typical twesteppolycondensation reactiai 6FDA
dianhydride with 4AMPD andHAB diamine mixture was carried out M-methyl2-pyrrolidoneand o-
dichlorobenzensolution. MMMs were obtained by the addition of the required amount of fumed silica
(from 15 to 45 wt.%) to the poly(amic acid) solution. The membranes were cast directly from the reaction
mixture on the glass plate. After the drying procedure, membresees thermally rearranged to
polybenzoxazoles to receive IMM. The effect of the fumed silica particles presence on membrane
properties was examined and analyzed by using TGA, DSC and the tensile test methods. The permeability
of pure N, O, He, and C@ through the membranes was measured using the constant volume gas
permeation apparatus.

Figure 1. The reaction of thermal rearrangement opotyhydroxyimideo polybenzoxazole
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3. Results and discussion

Table 1 Thermal properties were investigated by TGA and DSC methods
for both pure and filled membranes

Sample Tg[ ] T[] Taeg[ ]
MMM -0 379 474 563; 677
MMM -15 378 466 568; 678
MMM -30 361 472 577; 673
MMM -45 354 409 561; 673

Thermalproperties were investigated by TGA and DSC methods for both pure and filled membranes and
the data are summarized in Tab. As can be seen, the presence ot 8i@ polymer matrix decreases the
glass transition temperature and temperature of therraabregement of the membranes. This effect is
greater the higher the filler content. Fumed silica does not significantly affect the degradation of the polymer
matrix. Considering the gas transport results, the addition of 15 wt.% of silica particles éscreas
permeability of MMM, whereas the higher amount tends to reduce membrane permeability and slightly
improve selectivity. On the other hand, a distinct increase inp€neability (by 115%) accompanied by

only a small decrease in G selectivity (by 1%) can be observed for 45 wt.% filled membrane after
conversion to PBO compared to its unfilled PBO counterpart. Moreover, as can be seareip, Rifjthe
received TRMMMs ar e cl oser to the Robesonds upper bou
makes them attractive for gas separation technology.
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4. Conclusions

A series of the new TRIMMs containing fumed silica particles were developed and investigated, to
determine their structurghysical and gas permeation properties. The results show that this approach
allows membranes with superior properties compared to those of their unfilled counterparts to be obtained.
This refers to both polyimide membranes incorporated with up to 30 vitsica and all the thermally
rearranged MMMs which demonstrated a permeability increase of up to 115% over the pure polymer.
Moreover, adding Si@particles to a polymer matrix reduces glass transition temperature and the
temperature of thermal conversion to PBO that is important from a practical point of view, because it creates
the possibility of forming membranes in a more convenient and en#iggre way. In conclusion, the

CO; permeability/selectivity can be tailored by incorporation of the fumed silica particles into the polyimide
matrix. In particular, thermally rearranged membranes filled with silica seem to be suitable for this kind of
applications.
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1. Introduction

The way in which inorganic nanoparticles interact with their environment is controlled by their surface
coating. Heterogeneities in their surface coating can leadoteu ni f or m fApatchy?o n
Controlling the spatial distribution of polymer
one to render nanoparticles with functions that are otherwise unattainable, and is thus of critical ieportanc
Recently, a thermodynamically controlled approach for producing patchy nanoparticles has been proposed
by the group of KumacheVa.

For surfacegrafted polymer brushes, the reduction of solvent quality may lead to the formation surface
pinned micelle (pahes) in, driven by the minimization of the surface free energy of the syJthin.
underlying mechanism posed the question about the colloidal stability ofptbdisced patchy
nanoparticles, the dynamic properties of the patches, and the secondarylyaségpatchy nanoparticles

into supracolloidal clusters. These aspects are addressed in this presentation.

2. Results and discussion

The process of surface patch formation under reduced solvency conditions was investigated in the native
solvent environrant using plunge freezing and cryogenic transmission electron microsdgigh

formation was externally controlled and induced by heating an aqueous solution oN-poly(
isopropylacrylamidegp r af t ed gol d nanoparti cl es utiandempeeatutt.he po
However, in such approach involving homopolymer brushes, attractive spdieeer patches form, and

surface pattern formation and secondary agglomeration processes thus occur concomitantly.

Figure 1. Schematic illustration (top rovgnd corresponding
transmission electron micrographs (bottom row) of nanoparticles decorated with diblock copolymers
after casting from good solvency conditions for both blocks (left), poor solvency conditions for the inner
block and good solvency condit®for the outer block (middle), and poor solvency conditions for the
inner block combined with crodisiking of the outer block (right)

@Z %o
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Stimulus 1 Stimulus 2
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A strategy was developed to separate the processes of surface patch formation and secessiamblf

into larger clusters. The developed approach rests on swfafted diblock copolymers, in which a
nanoparticleadjacent block is exploited for sadepatch formation, whilst an outer nanopartickenote

block provides colloidal stability to the patchy NFsurthermore, this outer block can be addressed
separately from the first bl ock ( u-patchmfgrméomdndh o g o n
self-assembly of patchy NPs into clusters (Figure 1).

Aging effects of surface patch structures created in such manner were also investigated, by exploring the
time-temperature superposition in patch morphology and distribution. These investgatvealed that

above a threshold temperature, polymer ligands gain lateral mobility and ultimately, can desorb from the
nanoparticle surfack.

3. Conclusions

Targeted macromolecular design of polymeric surface coatings of nanoparticles opens ugilihigyos

create adaptive systems that allow surface patterning induced by external stimuli. The surface patterns can
be stabilized in colloidal solution by employing diblock copolymer brushes. Diblock copolymer surface
coatings also enable the contrdll@ndemand assembly into defined nanoparticle clusters.

The individual patches are preserved up to moderately temperatures. Higher temperatures lead to a
reconfiguration of the surface patch structure.
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1. Introduction

An interesting group of conjugated materials for optoelectronics are compounds containing an imine bond
in their structure, suchs azomethines and polyazomethines. The imine bond shows isoelectronic character
with the vinylene bond,and subsequently condensation of aromatic amines and aldehydes leads to the
f or mat icanjngatedfcompounds, characterised by many valuable physicochemical prégeres,

also showing activity in optoelectronic devices, including photovoltaic tBile to the limited solubility

of conjugated compounds, in order to enable the application of thin films of these materials by wet methods,
additional substituents are often introduced into the chemical structure of conjugated compounds to
improve solubity. However, these groups, usually containing long or branched alkyl groups, can have an
adverse effect on the supramolecular organisétiongering” -" interactions and consequently reducing

the crystallinity and conductivity of the compourtd$o coureract this, some of the largeatkyl
substituents were replaced with shorter chains, and the effect of such modification on the physicochemical
properties relevant for photovoltaic cell applications were investigated.

2. Results and discussion

To follow such effect, bulky side chains have been partially replaced by shorter substituents with a similar
electronic effect (Figure 1) what was expected to affect the supramolecular orgawiptibmers, due
to enhanced planarity of conjugated backboneputiitaemoval of the steric hindrance.

Figure 1. Chemical structures of investigated polyazomethines
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This effect has been followed in compounds with linear (B&0) and branched (PA2arb) alkyl groups,
investigating thermal stability, UVVis absorptionspectra and electrochemical behaviour of such
compounds. Additionally, thin films have been deposited and their morphology has been observed using
X-ray diffraction (XRD) technique. As a concluding task, the photovoltaic activity of synthesised
compoundsas been studied, while acting as a donor component chietékojunction solar cell.

Thermal properties of all materials met the requirements for photovoltaic applications, showing values of
initial weight loss in a similar range (331-350.0 °C), regalless of the modification of the substituent
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structure. Determined values of molecular orbitals energies have shown that the partial replacement of
linear alkoxy substituents in the PA&OO-OOct compound by methoxy groups (PB®0O-OMe) have

tuned the engy of LUMO level, only slightly affecting the HOMO energy (Figure Zhis change
probably results from the improved planarity of the FBG0O-OMe polymer, adopted by the chain after
removal of some large octyloxy groups, which constitute a steric hindrance. A similar modification of the
octyloxy substituents in a polymer consisting of branchethglhexyl groups (PAZLarb) has not shown

such pronanced changes, probably due to the excessive planarity disorder, induced by the branched
substituents.

Figure 2. Energy levels of investigated polyazomethines
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An analogue effect of the studied polymers supramolecular organisation caliddreed on the UWis
absorption spectra where a distinct bathochromic shift of thelmugy absorption band has been observed
after a partial modification of the linear substituents length. For polymers containing brarethgth2xyl

groups (PAzCarb, the change has been less pronounced. Such observations are consistent with the results
of XRD measurements performed for thin films of these polymers, where a partial modification of the linear
substituents length (PAROO) has caused an increase imtfiim crystallinity, while no changes have

been observed in polymers containing branched alkyl groups(R#Az). All obtained compounds have

been applied as a donor component in bulk heterojunction solar cells, where they have shown activity
together wih a fullerene acceptor, reaching efficiencies of 0.09.7%.

3. Conclusions

The research allowed to obtain new conducting polymers using an economic and ecological methods of
synthesis. These compounds have shown high thermal stability, suitable foatégplin photovoltaic

cells. The influence of the supramolecular organisation could be observed during electrochemical and
optical properties studies, where the replacement of some linear, octyloxy substituents with methoxy groups
allowed to reduce the idth of the energy gap, allowing for electron transitions of lower energy,
consequently shifting the absorption band towards longer wavelengths. In the case of polymers containing
branched Ne-ethylhexyl groups, the modification of the alkoxy groups lendith not affect the
supramolecular organisation to a greater extent.
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1. Introduction

A representative class of compoundsaordination chemistry is composed by imiveessed materials, also
known as azomethine or Schiff bases, due to their widely reported coordinating ability. As a result of their
physical and chemical properties, this class of materials may be used in danmoaisis of applications
including: analytical chemistry, food and dye industry, catalysis, as well as diverse biologic&fareas.

The appealing characteristics of imines like facile synthesis coupled with synthetic tailor capacity,
biodegradability, pronanced photophysical properties and ability to coordinate to metal ions tag
azomethines as one of the most widely explored molecular chemosensors. Imines can also be utilized for
heavy metal sensing, for the removal of pollutant from the environment, leasveplectrophotometric and
fluorimetric agents, among others. As a consequence of these features Schiff base complexes have drawn
an increasing attention in the area of ionic bindifg.

A versatile starting material for organic, inorganic and supramiaechemistry is represented by 1,10
phenanthroline which is a chelating bidentate ligand for transition metal ions that still has a significant
influence in coordination chemistry. 1;Ehenanthroline is a rigid planar, hydrophobic, eleepoar
heteroaomatic system who is responsible for its coordination ability toward metat ions.

Taking the advantages of these structural features-phé@anthroline derivatives and their metal
complexes have been used as intercalating or groove binding agentéXard RNA, as building units
for the construction of ef-ywitdhable moleculandevicéds cent mat

Taking into account the aforementioned literature data it should be interesting to combine imine with a
phenanthroline heteroche in a conjugated molecule with the aim to enhance the conjugation length, light
emission efficiency and the charge carriers. Along these lines, here we report on the influence of some
metal ions on the physiethemical properties of new phenanthrolbesed imines with emphasis on
electronic absorption, fluorescence and cyclic voltammetry behaviour. This study is meant to survey their
application as luminescent materials.

2. Experimental

A phenanthrolindbased aldehyde was obtained by the oxidation feamethyl group fromd-methyt
1,10-phenanthroline with selenium dioxide in dioxane and water at reflux. The aldehyde was purified and
used afterwards in the synthesis of three isiased compounds by using the condensation reaction
involving three aromt&c diamines bearing various aromatic or heteroaromatic units.

The structure of all compounds was confirmed by spectral methods inckifiiRgspectroscopy atid-

NMR analysis. The imines were further characterized by solubility testsyi$)\and fluoresaece
spectroscopy as well as by cyclic voltammetry tests. The last three methods were involved to monitor the
complexation ability of imines with various metal ions. The thermal stability was assessed on the basis of
differential scanning calorimetry andetmogravimetric analysis.

3. Results and Discussions

Three aromatic imindased compounds containing phenanthroline chromophoric unit were obtained and
characterized. The FTIR spectra #3hdNMR analysis confirmed the presence of the imine units by their
characteristic absorption band and singlet peak, respectively. A good solubility was found for the imines
both in polar and naepolar solvent which enabled a diverse range of solvent utilization for spectroscopic
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measurements. The best results were obtaitesh tetrahydrofuran (THF) was used which allowed the
complexation studies with a large number of metallic salts. Figure 1 shows this Gpkectra of imine 11
after the addition of Céions.

Figure 1. UV-vis absorption spectra ghenanthrolinebased imine 11 upon complexation with?Cans
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The thermal stability of the new synthesized imines was high with onset temperatures and char yields well
correlated with their corresponding chemical structure.

The complexation studies with various metal ions were also performed by using PL and cyclic voltammetry
measurements confirming the ionochromic response of these imines towards several metallic ions.
Moreover an enhanced fluorescence was observed aftpteo@tion in some cases that may be exploited

for their further use as luminescent materials.

4. Conclusions

New phenanthrolindased imines were obtained with the aim to contribute to the domain of coordination
chemistry in the frame of molecular chemasars and luminescent materials. The synthesized structures
proved to be highly soluble and thermally stable. They exhibited an optical response towards a series of
metallic ions which was evidenced by W&, PL and cyclic voltammetry measurements, thesd
demonstrated the potential use of these imines in sensing and othefegptonic applications.
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1. Introduction

Metabolomics has become amportant topic in a wide range of scientific areas, including medicine,
pharmacology, nutrition and metabolism, food sciences and environmental research. Metabolomics
involves simultaneous detection of a large number of compounds from a living systematurally
occurring ecosystem. As metabolomics requires processing of large numbers of multiple parameters, the
reproducibility of data for statistical purposes is a key issue.

2. Experimental

Bruker Avance Neo 600 and 400 MHz and Bruker Avance [1160D MHz NMR instruments have been

used. All three instruments have been equipped with 5 agnadient inverse detection (BBI) probes.
TopSpin software has been used for controlling the spectrometers and data processing. Spectra have beer
recorded with nogypresat pulse sequence which allows fast acquisititih BVR spectra using 32 scans,

a 90° pulse, 4 s relaxation delay with simultaneous CW irradiation and 2.7 s acquisition time with an
ERETIC type of signal as quantitation reference.

3. Results and dscussion

We have been involved in one of the first interlaboratory quantitation trials of metabolites in blood*plasma.
Since then, we continued to be involved in metabolomics stétliesing NMR equipment which evolved
from the generation 1990 (Vari&emini 300), through generations 1995 (Bruker DRX 400), 2000 (Bruker
Avance Il 400), 2010 (Bruker Avance HD 600) until 2016 the latest NMR generation (Bruker Avance Neo
400 and 600). In order to assess the reproducibility of the current equipment kveltloé confidence in

the reported data we have designed an interlaboratory trial involving several instruments and operators.

Figure 1 presents an overview of the operator deviations as percentage from the averaged values for over
4000 pipettingweighing experiments and Figure 2 presents the variability of the integral of the methyl
signal from the same sample recorded in different NMR tubes in over 260 experiments performed in 16
different days.

Figure 1. Deviations as percentage from the averaged values for all pipettieighing experiments
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Figure 2. Tubes and electronics induced variability of the methyl integral on one NMR instrument
recorded in 16 different days
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4. Conclusions

The estimated reproducibility error in NMR quantitation for metabolomics purposes with our current
instrumental setup using both NMR operators andMbiR personnel (researchers involved in chemical
synthesis and students), is about 4%. This value is matttféraicceptable values for biomedical research
specified by the NMR manufacturers.
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1. Introduction

Benzimidazolium salts are largely used as intermediates in synthesis of various bioactive pyeblo[1,2
benzimidazole and pyrrolo[1-@quinoxaline derivative$? According to literature data, some
benzimidazoliunsalts proved also anticancer activity in vitro against HelLa cell lines, acting as bifunctional
DNA intercalators These biological and pharmacological properties, make them attractive fayuesst
studies, as they are known to have quite low wateb#ityu Native cyclodextrins and their derivatives can

form stable inclusion complexes in aqueous solution with a variety of inorganic, organic, and biological
molecules by accepting them into their cavity. Cyclodextrin inclusion complexes are widelwittsed
various aims including changing the solubility, drug/compound delivery carriers, structural or theoretical
studi es. NMR spectroscopy is one of the most | mg
interactions. From different 1D and 2DMR techniques, detailed information about the structure of
cyclodextrins and their inclusion complexes can be obtained. The present paper discusses the NMR
characterizati on o fcyciodexrin arslisame chendcallp maditiesl sycladdéxtring

with 1-ethyk(2-phenyt2-oxoethyl}5,6-dimethylbenz imidazolium bromide.

2. Experimental

The NMR spectra have been recorded on a Bruker Avance IIl 400 instrument, equipped with a 5 mm
multinuclear inverse detectiorgradient probe. For the benzimidamoti bromidecyclodextrins mixtures,

the chemical shifts are reported in U units (ppn
the solvent (ref.: kD 4.8 ppm). The H, HROESY experiments were recorded using standard pulse
sequence, with ater suppression, as delivered by Bruker with TopSpin 2.1 PL6 spectrometer control and
processing software.

3. Results and discussion

Determination of stoichiometry by NMR Spectroscopy

The stoichiometry of the complexes was determined using the contimuusi at i on met hod ( <
The total concentration was kept constant’[lM) and the molar fractions (X) of the components were

varied between 0 and 1. From the graphical representations:ofgd U =cb) (vexobtained plots that show
inflexionpoit s at 0.5 indicating a 1:1 stoichiometry.
benzimidazolium salt and betgclodextrin.

Determination of stoichiometry by UV-VIS Spectroscopy

The stoichiometry of the complex was determined usingtheb 6 s met hod. The t ot al
constant (5x16M) and the molar fractions of the components were varied between 0 and 1. The plots
obtained from the graphical representations g@f*Xp A = dp)(sbow inflexion points at 0.5 indicating a

1:1 stoichiometry.
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Figurel.Jobb6s pl ot f or benzxyclodexttimmixdures um sal t an
indicating the 1:1 stoichiometry
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Determination of association constants

For each set of samples, the concentration of benzimidazolium salt wasokegnt (18 M) and the
concentration of cyclodextrins was increased up to 20 fold excess. The-B#ddebrand data treatment
(example in Figure 2) was used to determine the association constants by using the chemical shifts of the
peaks with the larg® chemical shift variation upon titration.

Figure 2.Chemical shifts variations of benzimidazoliumsael® pr ot on
as a function of BCD concentration
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For recording the ROESY experiments, 1:1 (molar ratios) mixturesOobthe benzimidazolium salt and
BCD, Me-BCD and 2HPBCD were prepared. Correlation peaks were observed between the inner cavity
protons of the cy-8hbandH% antd onesrirénstherbentiridazolium regidde and its
phenyl substituent, meaning that the salt moleculeessitide the cavities of the cyclodextrins.

4. Conclusions

Cyclodextrin inclusion may be successfully used for improving the water solubility of benzimidazolium
derivatives.
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1. Introduction

In recent years, researchers are aiming on developing new materials whichusad lzes local therapy
alternative, to load and release various drugs. Among them, chltasad hydrogels are a promising
alternative, due to their versatile properties: they aretoxic, biodegradable and biocompatible, have
capacity to absorb variodkiids and to swell. Even that, in order to improve and control their delivery
potential an important research direction was dedicated to the chitosan modification. It was demonstrated
that by physical or chemical crosslinking of chitosan with varioustages possible to adjust the
morphology and viscoelastic propertféhe research activity of our group proved the possibility to obtain
hydrogels based on chitosan and different natural monoaldehydes with good properties for bioapplications:
biocompatilility, mechanical strength, biodegradability, thixotropy, high diegging capacity and its
controlled releas&® By usingsalicylaldehyde was possible to obtain hydrogels with excellent thixotropic
and selfhealing properties which recommend them to @stmatrix for drug delivery systerfisTo
demonstrate the achievability of this newly developed chitbsaed hydrogel to act as a matrix, the
present paper reports the preparation and characterization of new drug delivery systemstiy
hydrogelatiorof chitosan and salicylaldehyde in the presence of diclofenac sodiurDG&lt 4s a model

drug.

2. Experimental

Materials low molecular weight chitosan (193 kDa, DA=82%), salicylaldehyde (SA) (98%), ethanol,
glacial acetic acid, phosphate buffer (PB@H=7.4), diclofenac sodium salDCF), lysozyme (40 000
units/mg protein) were purchased from Aldrich and used as received.

Synthesisa series of four formulations with different crosslinking degrees were preparéed ity
hydrogelation of chitosan witsalicylaldehyde in the presencedF by varying the molar ratio between
the glucosamine units of chitosan and salicylaldehyde.

Equipment and methoddhe formulations have been characterized from the structural and supramolecular
points of view by Fouer transformed infrared spectroscopy {RRIBruker Vertex 70 Spectrofotometer),

Wide angle Xray diffraction (Bruker D8 Avance diffractometer), Polarized light microscopy (Olympus
BH-2) and Scanning Electron Microscope (Scanning Electron Microscope SEMK EDQuanta 200).

Swelling studiesin vitro enzymatic biodegradation and release profilBGF were investigated in similar
conditions mimicking thén vivoenvironment (PBS, pH=7.4 at 37°C). Tihevitro release kinetics dCF

was evaluated using UVisible spectroscopy, by recording the characteristic absorption band at 275 nm,
and fitting its absorbance on a predetermined calibration curve. Also, the release mechanism was assessed
by fitting thein vitro release data on five mathematical models. The biocompatibility of these formulations
was assessead vivo, on experimental rats.

3. Results and discussion

A series of four formulations with different crosslinking density have been prepared by varyingldéne

ratio between glucosamine units of chitosan and aldehyde group of salicylaldehyde (Figure 1). To prove
that the hydrogelation in the presenc®fF take place due to the s@lfdering of the newly formed imine

units into clusters which play the eobf crosslinking nodes, the formulations were characterized from
structural and supramolecular points of view by FTIRa}, SEM and POM techniques, and data were
compared to those obtained for the reference hydrogels. The FTIR spectroscopy demimstatadtion

of the imine linkage between chitosan and salicylaldehyde around 163@munconfirmed the presence

of DCF in the resulted systems. Wide angleay diffraction and optical polarized microscopy revealed

the formation of organized supramaléar 3D systems, while SEM showed highly porous morphologies.
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Both X-ray and SEM techniques proved that BeF was anchored by physical interactions into the pores
walls at submicrometric level.

Figure 1. Schematic representation of the synthesis of the @&liFery systems
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Thein vitro release kinetics d)CF in phosphate buffer solution (pH=7.4) was evaluated usingidible
spectroscopyrevellingthat these formulations are able to provide a sustained release of the encapsulated
DCF during 10 days, the release rate being correlated to the crosslinking density and hydrogelation speed
of the systems. The biodegradation occurred in three main stagebjng a mass loss of 48% after 21
days.

The formulations showeith vivo biocompatibility on experimental rats, no influence on the hematologic
profile, liver, kidney or immuneefencecapacity being detected after 7 days of subcutaneous implantation.

4. Conclusions

New drug delivery systems were preparedrbgitu hydrogelation of chitosan with salicylaldehyde in the
presence dDCF as model drug. The formulations presented attractive properties, such as: biodegradability,
biocompatibility, swelling hility and capacity to release DCF in a controlled manner, suggesting these
formulations as valuable materials for biomedical applications.
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1. Introduction

Esca is one of the earliest described diseases in grapevines that cause trunk damages and sudden wilting o
the entire plant caused mainly by specksaeomoniella chlandpspora (P. chlamydosporaand
Phaeoacremonium aleophilu(®. aleophilun). In practice, there are no known curative approaches for
fighting with esca directly, which is a huge problem for preserving the vinéyards

The progress in the field of nanotechriaduring recent years, and the possibilities that it offers have
enhanced the interest of researchers and industry in composite materials, especially those based on
biodegradable polymers. This interest is due to a great extent to the various anchigpgessbilities of
application of materials from these polymers in a growing number of areas of social and economic
importance, such as agricultural application. Electrospinning is currently regarded as one of the most
promising nanotechnologies for theeparation of fibers having micrand nanoscale diameters and a large
specific surface area which is a prerequisite for the attainment of high effectiveness in a number of
application$, e.g., medicine and agricultdrén this respect, among the polymémm renewable sources
particularly, polyesters and polysaccharides deserved special attention. Cellulose acetate (CA) is one of the
most important esters of cellulose. The advantages of CA are its low cost, an easily feasible production and
wide varietyof applications. Recently, great attention has been paid to fibers from cellulose and cellulose
derivatives due to their biodegradability, good mechanical and barrier properties.

The present study aims at preparation of electrospun composite materiatsdegradable polymer and
8-hydroxyquinoline derivative with antifungal activity. The effect of the incorporated biologically active
compound on the morphology, wetting and phydiemical properties was studied. Microbiological test
againstP. chlamydospra andP. aleophilumwere performed as well.

2. Results and discussion

The research concept is based on the assumption that by using the electrospinning method, it is possible to
find effective experimental approach to obtain innovative composite 1ranctb nanostructured fibrous
materials with fungicidal activity againBt chlamydosporandP. aleophilum Moreover, the advantage

of the secalled "active dressing" made of electrospatymer membrane will be not only its fungicidal
activity against some of the esca ' s causes, but
study, the versatility of electrospinning was exploited in order to create innovative polyregalmatith

fungicidal activity against two strains ascomycete fugisociated with eseghe most devastating disease

of grapevines.

In the present study we have used SEM analysis to observe the morphology of the obtained materials. SEM
micrographs othe obtained CA and CA/618Q fibrous materials are shown in Figure 1. Electrospinning

of CA solution under the selected conditions reproducibly resulted in obtaining continuousfréefect
fibers with mean fiber diameter of 780 + 100 nm. The additida@BQ to the spinning solutions resulted

in slight decrease of the fiber diameters.
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Figure 1. SEM micrographs of fibrous materials: CA andB. & ¢ fCBQ
[/

Contact angle analysis was used to give an indication of the suwttability depending on the
composition of the prepared membranes. It was found that CA and-@8{» membranes were
hydrophobic with water contact angle of ca. 120°.

8-Hydroxyquinoline derivatives display a broad range of biological activities, incladitiiyingal activity

against pathogenic fungi causing diseases in humans and in animals. The determined by us low MIC values
of 5-CI8Q againsP. chlamydosporandP. aleophilurfigive reason to expect that incorporation «£18Q

in fibrous materials willresult in obtaining efficient antifungal membranes. Because of the growth
characteristics oP. chlamydosporandP. aleophilumfungi their development was followed 96 h. The
membranes containing@GI8Q completely inhibited the fungi growth within 96 h.ig s due to the fact

that the 5CI8Q content in the fibrous materials was much higher than the determined MICI&D5and,

in addition, the release profile of&8Q provided sufficient amount to be released still in the early stages

of the experiments

Figure 2. Digital images of the zones of inhibition against P. chlamydospora and P. aleophilum after
contact of the membranes with fungi cells

3. Conclusions

Composite micro and nanofibrous materials of biodegradable polymer containiranldso-8-
hydroxyquinolinol were obtained by electrospinning. The incorporatior@Bg into the fibers imparted

a considerable antifungal effect agaiRsthlamydosporandP. aleophilunfungi. These features indicate

that the obtained novel fibrous materials are suitable candidates for application in agriculture for plant
protection against two main causative agents of esca disease.
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1. Introduction

Targeted search of efficient drugs, first of all, @athor ones, requires screening of numerous substances
under conditions the most similar to those of tumor formations in the human organism. Traditional methods
of cells cultivation anananipulation in 2D systems are now insufficient to solve new tasks of cell biology,
biochemistry, and pharmacology. About 67 % of-&amthor drugs are excluded from clinical tests at later
stages due to their low efficiency and safety, which were notfestedl at early screening stages with
application of 2D cell models. There is an opinion that in many cases the experiments on cells in 2D cultures
cannot be physiologically relevant with respect to complex in structure, heterogeneous in cell composition,
and constantly changing over time tumors in the human orgatismas shown that HCT 116 cells (human
colon cancer cells) in the composition of tumor spheroids wei.5:5ld less sensitive to some anti

tumor drugs than the same cells cultivated irsg8tems.Organization of actinic filaments in human liver
carcinoma cells at 3D cultivation is different from that of cells in the monolayer on the surface of the culture
vessels.

Achievements in the fields of materials chemistry, materials fabricaiieh processing, and biology
resulted in creation of 3D matrices, which reflect more adequately the geometry, chemistry, and signal
medium of the natural outeell matrix for cell cultivatiorf. Such matrices enable one to analyze spatial
interaction betwen cells and between them and the eu#&r matrix. 3D porous matrices based on
biodegradable and biocompatible polymers are of great interest simultaneously for creating tissue
engineering structures and cell cultivation for in vitro studies. The maligms of the development of
macroporous materials based on chitosan are related to its insolubility in alkaline media and,
simultaneously, to the absence of efficient crosslinking agents working in acidic media, excémtibigh
dialdehydes.Broadly applied at present in the synthesis of porous materials lyophilization of chitosan
solutions with subsequent neutralization or treatment by veétehol or wateacetone mixtures with
stepwise increase of the fraction of the aqueous phase has numeenlvamtiages: the main ones are
related to the necessity of using special vacuum equipment, solubility of the fabricated material in acidic
media, and instability of the 3D structure.

Here we suggest the method of fabrication of supermacroporous biodegnadadials with pore sizes of
no less than tens of microns for thwdienensional cultivation of mammal cells to create 3D models of
tumor tissues for testing in vitro effectiveness of anticancer drugs and investigatiorcefldeteractions.

2. Expegimental

Low molecular weight N,&fcarboxymethyl)chitosan (CMC) with deacetylation degree of 0.75 and degrees
of N- and Gcarboxymethylsubstitution of 0.29 and 1.20, respectively, was purchased from Biolog Heppe
GmbH (Germany). Crodinking agents 1,4 butanediol diglycidyl ether (DGH,4-BD) and ethylene
glycol diglycidyl ether (DGEEG) were purchased from Sigiwddrich and J&K Scientific Ltd. (China),
respectively. Monolith CMC cryogels have been fabricated from 3% aqueous CMC solution at cross
linker:CMC molar ratios from 4:1 to 1:2 &t0°C, freezing time was set to 7 days. The growth and formation
of 3D structures by tumor lines of human cells of intestines (HCT116) have been investigated in flow
through systems. The dynamics of changes in the margical and functional state of cells was analyzed
using a complex of immunocytochemical and fluorescent dyes: TRIb€led phalloidin, TGPRO3,

DAPI. Analysis of stained single cells was carried out by flow cytometry (Becl@oaiter, USA). The
analysigof cells in the composition of the spheroids was carried out on a laser scanning confocal microscope
LSM 780.
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3. Results and discussion

It has been shown that the degree of modification of CMC with DGE was significantly lower than we have
reported earliefor chitosarf, which can be explained by the substitution of most reactive primary amino
groups and & hydroxyl groups in CMC. Despite the low degrees of functionalization with the crosslinking
agent (from 3.8 to 13% according to the elemental analgsig,dnechanically strong CMC cryogels were
obtained over the entire range of molar ratios. The CMC cryogels supported solution flow rate through the
monolith up to 200 column volumes per hour. Due to the insignificant difference in the degree of
modificaion by the crosdinking agent, the mechanical properties of CMC cryogels obtained with- DGE
1,4BD differed insignificantly- Young's modulus, determined from the compression curves of a
cylindrical cryogel sample, varied in the range o833 kPa, wha for the chitosan cryogels obtained

with the same type of crodisking reagents, Young's modulus reached 9¢ KP# morphological features

of the CMC cryogels depending on the crosslinking reagent and the molar ratio were studied by laser
scanning cordcal microscopy, the minimum pore size was determined as 11&#82 t he -maxi m
213 N 67 &m.

Several setips of threedimensional cultivation of tumor human cells in monolithic CMC cryogels have
been tested. The higher efficiency of the fldbwough sgtem has been confirmed using laser confocal
microscopy, and the optimal flow rate of the medium has been determined. It has been found that the cell
aggregates morphology and their distribution in the polymer matrix depended on the cryogel characteristics
The highly crosdinked cryogels showed the lowest efficiency for 3D cell culture. Cultivation of HCT116

cells in CMC cryogel crostinked with DGE1,4-BD in a flow-through system at a medium flow rate of

7-8 bed volume/day after 7 days led to the fdioraof multiple spheroids with a diameter of about 150

em or more (the aver agle6 céeRiglrelsi ze of this cul tur

Figure 1.3D structures of HCT116 tumor cells in monolith CMC cryogel clioggd with DGE1,4BD
at crosslinker : CMC mola ratio 1:1, 7 days of cell culturing at flow rate 7 bed volume/day (scale bar
200 e m, H{cellmelei,aentlaatinr cytoskeleton of cells)
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1. Introduction

For the majority of technical applications, the knowledge of the thestahbility of polymers is essential

in order to avoid decomposition during the processing or the service life of polymers. Thermal stability
defined as the ability of the polymeric material to resist to action of heat and maintain its properties
(strength,toughness or elasticity) at a given temperature is usually determined by thermogravimetric
analysis. A weight loss as a function of temperature is monitored and some characteristic tempgkatures T
(where X is the mass loss) and the maximum rate of wWieightaire determined from the thermogravimetric
profile. The most common temperature program is the one in which the temperature changes linearly with
time, so that the heating rate is constant.

The quality of TGA measurements is directly related to the accuracy and precision of determination of
every single decomposition step. From this point of view, especially in the case of complex polymeric
structures containing multiple building blocks tlmeentional TGA presents some limitations. These are
related to complex thermal scans with broad or overlapping weight losses evidenced by multiple peaks and
shoulders. This pattern was noticed for two types of structures:

V b1 cyclodextrini based polyuehane hydrogels containinig two

cyclodextrin, polyethylene glycol based urethane sequence and oligolactide;
V mixture containing poly(lactic acid).

The present study focuses on studying the ability of the sample controlleditheatyais to better separate
the overlapping thermal events emphasized in a conventional TGA experiment of a complex system. The
advantages and disadvantages of the sample controlled thermal analysis are discussed.

2. Experimental

Dynamic rate High Resation TGA analysis was performed using’@min and 58C/min heating rates
and resolution from 3 to 6, sensitivity 1, from ambiert@6°C. For comparison, a series of constant heating
rate experiments were carried out usiAg/min, 20C/min and 56C/min heating rates.

3. Results and discussion

Very small samples or very low heating rates have proven to be a very a particularly effective method for
enhancing resolution in TGAlowever, these conditions cause problems, either of sensitivity, aeoy a

long time needed for the experiment, perhaps several hours if isothermal or at a very slow heating rate.
Another approach which delivers enhanced TGA resolution without the timedifagethe sample
controlled thermal analysis developed by TA Ilastents (HiRe%'"), which uses the feddlack from the

sample in order to control its heating profiteHigh heating rates are used during no weight loss regions,
while small heating rates are applied during weight changes.

A series of experiments were rao find the optimum conditions to perform the dynamic rate High
Resolution TGA experiments.

The ther mal d eycledexsin msed polyuaethame hydrogel with or without oligolactide
sequence run by both techniques.
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Figure 1. TGA versudligh Resolution TGA for a cyclodextrin based polyurethane hydrogel without
(Figure 1 a, b) or with lactide segment (Figure 1 c, d)
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Reducing the heating rate generates only subtle differences in the weight loss curve of the cyclodextrin
network,evidenced by a shifting of the two decomposition steps to lower temperatures, but with an increase
in the experimental time. Increasing the resolution from 3 to 5 in-Redi TGA performed on the
cyclodextrin lactide network has emphasized the degradefidectide segments and an increased the
separation of the quite broad weight loss region betweeiC3ftd 440C.

4. Conclusions

The HiRes technique has some advantages compared to the conventional constant heating rate. It improves
the resolution of stcessive/overlapped TGA weight losses by revealing fine characteristics of the
degradation with a right choice of experimental conditions (heating rate, resolution, and sensitivity).
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