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Dear colleagues from Romania and abroad 

It is our pleasure to welcome you to the 28th edition of the Progress in Organic and Macromolecular 

Compounds Conference, MACRO Iasi 2021, a traditional event organized by the Petru Poni Institute of 

Macromolecular Chemistry, Iasi (Institutul de Chimie MacromolecularŁ Petru Poni ï ICMPP). 

The Conference gives a broad overview of the hottest topics in organic and polymer synthesis, polymer 

physics, multifunctional polymeric architectures, engineering of polymeric materials, nanocomposites, 

hybrid materials, polymer networks, smart polymeric materials, polymeric membranes, polymer-based 

electronics, biologically-inspired nanostructures, drug carriers and biopolymers.  

MACRO Iasi 2021 addresses professionals from academia, research institutes and industry, being intended 

as a dynamic platform for the presentation 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 provides the best environment 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 organized without the generous and tireless support and contribution of 

many individuals and groups within and outside the ICMPP. Therefore, we would like to acknowledge to 

all the invited lecturers, speakers, board and committee members, chairpersons, sponsors and all the 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 Iasi 2021 
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(LMU) and received in 1984 his Ph.D. After post-doctoral stays with Prof. 

K. P. C. Vollhardt (UC Berkeley, USA) and Prof. W. J. Feast (University of 

Durham, UK) he was head of the polymer synthesis research group in Prof. 

G. Wegner's department at the MPI for Polymer Research (Mainz, 

Germany). 1991 he finished his habilitation, received a scholarship award of 

the Fonds der Chemischen Industrie (Dozentenstipendium) and started as 

Associate Professor for polymer chemistry at the Karlsruhe Institute of 

Technology. From 1992 to 2004 he was Full Professor at the Free University 

of Berlin.  Since 2012 he is an elected member of the Swiss Academy of 

Engineering Sciences. In 2017 he was awarded the Society of Polymer Science, Japan, International 

Award for the discovery of 2D polymers. His research interests are in the area of synthetic polymer 

chemistry. Schlüter believes that organic chemistry is the fundament of innovative polymer synthesis. 

He has over 360 peer-reviewed publications with >14ô000 citations and gave over 350 invited talks 

worldwide. 

Ion Tiginyanu has completed his PhD in 1982 from Lebedev Institute of 

Physics, Moscow. He realized research projects at the Technical University 

Darmstadt (1995/96 and 1998/99) and at the University of Michigan in Ann 

Arbor (2000/2001). He serves as founding Director of the National Center 

for Materials Study and Testing, Technical University of Moldova. In 2019 

he was elected president of the Academy of Sciences of Moldova. Professor 

Tiginyanuôs research interests are related to nanotechnologies, 

multifunctional nanomaterials and fabrication of novel device structures. 

Among recent developments one can mention self-organized hybrid 

nanoarchitectures with dual hydrophilic/hydrophobic properties, light-driven 

nano- and micro-engines, self-propelled liquid marbles. He has more than 

400 journal publications and 52 technological patents, his personal Hirsch 

index equals 43 (Scopus). He is member of the Academia Europaea, honorary member of the Romanian 

Academy, honorary doctor of the Joint Institute for Nuclear Research (Dubna, Russian Federation), 

Fellow of SPIE, member of AAAS, IEEE, OSA, MRS, the Electrochemical Society 

Stergios Pispas is Director of Research at the Theoretical and Physical 

Chemistry Institute of the National Hellenic Research Foundation in Athens, 

Greece. He studied Chemistry at the University of Athens, Greece and he 

obtained his PhD in Polymer Chemistry in 1994 from the same university.  

He joined TPCI-NHRF in 2004 as Associate Researcher where he initiated 

research in polymer science for the first time. His research interests include 

the tailored synthesis of amphiphilic block copolymers and polyelectrolytes 

utilizing living/controlled polymerizations, physicochemical studies on 

block copolymer supramolecular assemblies and biomacromolecular 

systems, as well as the development of hybrid polymer based synthetic-

biological and organic-inorganic nanosystems for applications in 

nanomedicine, (bio)sensing, bioimaging, agriculture and water remediation 

technologies. He has published more than 360 peer-reviewed articles, 15 invited review articles, more 

than 20 invited chapters in books and encyclopaedias, and 3 books. He is currently acting as Deputy 

Director of TPCI-NHRF, Editor for Polymers and Member of the Editorial Advisory Board of European 

Polymer Journal. 
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Andreas Fery is head of the institute for Physical Chemistry/Polymer 

Physics at the Leibniz Institut für Polymerforschung Dresden since 2015.  

He studied Physics at Konstanz University, where he received his Diplom in 
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habilitation in 2006. In 2007 he joined Bayreuth University as associate 

professor and was promoted to full professor in 2008. He received the 

Richard Zsigmondy award of the German colloid society and an ERC 

starting grant. He has published more than 250 papers in peer-reviewed 

journals in the area of Polymer science and Colloid and interface science 

which have been cited more than 10000 times. His research interests are in 

development of novel approaches for Responsive/Bio-interactive Coatings and Nanophotonic/Plasmonic 

Surface Assemblies. Both research directions benefit from expertise in Characterizing Mechanics and 

Interactions of Colloidal Particles on the single particle level, using atomic force microscopy techniques. 

Deputy spokesperson of German Colloid Society, treasurer of European Colloid and Interface Society. 

David Haddleton has been working in the area of controlled polymer 

synthesis for over 25 years since being employed at ICI. His PhD 

ñPhotochemistry of some organometallic ethene compoundsò was under the 

supervision of Robin Perutz at the University of York in 1986. He spent one 

year at the University of Toronto as a PDRA. He joined ICI in 1988 and 

spent one year at the University of Southern Mississippi working with 

polymer liquid crystals. Moving back to the UK in 1988 he spent 5 years 

working on GTP and anionic polymerisation prior to moving to Warwick in 

1993 and was promoted to full Professor in 1998.  He has published over 

500 papers and has a google h-index >85 with over 25000 citations. He has 

graduated over 75 PhD students from Warwick. Current work in the group 

is in different aspects of developing new polymerisation methodology and 

using this for novel polymers for industrial applications, polymers for personal care applications, (hair 

and skin care) and for biomedical and nano medicinal applications (new and targeted peptide and protein 
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EXPANSION OF THE STAUDINGER 'MAKROMOLEKÜL' -CONCEPT  

TO TWO DIMENSIONS  

 

A. Dieter Schlüter 

ETH Zurich, Department of Materials, Zürich, Switzerland 

ads@mat.ethz.ch 

 

1. Introduction 

Since Staudinger postulated the existence of óMakromolek¿le (English: macromolecules)ô in the early 

1920s1, linear (and branched) macromolecules have been developed into an important materials class, 

somewhat loosely called óplasticsô. Linear synthetic macromolecules come into existence by binding low 

molar mass monomer molecules together to form chains. Nowadays these chains are commonly called 

polymer molecules or short: polymers as this term (Greek: polĨ ómanyô and m®ros ópartô) refers to their 

repetitive molecular structure consisting of a string of repeat units (RU) terminated by end groups on each 

side (Figure 1a). Although the usage of the terms polymer and macromolecule is not carved into stone, 

many contemporaries would 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 irrespective of their molecular structure. 

Consequently, macromolecules not only encompass polymers but also, for example, the naturally occurring 

cross-linked phenolic resin Lignin and the branched carbohydrate Amylopectin as well as the rubber of car 

tires or cross-linked 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 of polymer-to-polymer molecules. Thus, 2D 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 linear, 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 

sheet-like structure presents the end groups 

 

 

In terms of topology, linear polymers are one-dimensional (1D) structures. Given their triumph, the 

question arose whether two-dimensional (2D) polymers can be made as well2. According to the above, that 

would concern macromolecules, whose entire structure consists of two-dimensional RUs and, of course, 

end groups wherever the structure terminates (Figure 1)3. For 2D polymers, it was suggested to refer to 

these end groups as edge groups4. In the same realm of thinking, 3D polymers could be in principle 

envisioned as well. Here 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 Ref.5 and the associated lecture presents all the features 

characteristic of a 2D polymer to show that these sheet-like macromolecules are polymers very much like 

linear chain macromolecules. As will be seen, 2D polymers have a molecular structure consisting of RUs 

and end (edge) groups, and are 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 unprecedented 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, but the level of insight gained for 1D polymers 

has not yet been reached. The current state-of-the art in this important matter will be presented. Again, 

dimensionality will change things here too. While for linear polymers, growth is a one-dimensional process, 

for 2D polymers growth is two-dimensional, 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 mechanistic investigations 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 of topologically planar 

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 polymers, very much as their linear chain counter parts, are ópolymersô or more precisely ópolymer 

moleculesô. They come as covalent sheets with a regular array of nanometer-sized pores. Thus, there are 

two categories of polymers, the one-dimensional and the two-dimensional ones. 2D polymers are 

ópolymersô because all the characteristic features that apply to linear polymers apply to these novel 

macromolecules as well. These features include (i) topological repetitiveness of the molecular structure, 

(ii ) presence of defined and addressable end groups, and (iii ) the fact that 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 other cases. 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 at predetermined positions following clear-cut 

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 the properties 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 aero-nanomaterials: aerographite, aerogalnite, aerogallox, 

aero-ZnS etc. The diameter of microtubes may vary from a few to tens of micrometers, while the thickness 

of the walls is in the sub-100 nm range, thus assuring formation of extremely light-weight networks with 

very high degrees of porosity. In this paper, we will review the efforts related to the development and 

characterization of aero-nanomaterials based on wide-band-gap semiconductor compounds GaN and 

Ga2O3. Besides, we will discuss prospects of practical applications of aero-nanomaterials in various fields, 

including electronics, sensorics, microfluidics, microrobotics, biomedicine. The possibility to fabricate a 

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

addressed. 

2. Experimental 

Aero-GaN represents an interconnected network of hollow microtetrapods which are obtained by direct 

growth of GaN on the sacrificial network of ZnO microtetrapods1. Ultrathin layers of GaN have been grown 

by hydride vapor phase epitaxy on sacrificial ZnO microtetrapods with diameter of arms ranging from 2 

to10 ɛm and lengths from 20 to 100 ɛm. Note that at the growth temperature, GaN deposition is 

accompanied by simultaneous gradual decomposition and removal of the underneath ZnO template, which 

occurs due to harsh corrosive conditions. Aero-Ga2O3 or Aerogallox, represents an ultra-porous and ultra-

lightweight three-dimensional architecture made from interconnected microtubes of gallium oxide with 

nanometer thin walls. The material is fabricated by annealing of aero-GaN template 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 biocompatibility. The PDMS was prepared 

using a bi-component silicone elastomer kit - SYLGARD® 184, purchased from Sigma-Aldrich #761036. 

To synthesize PDMS, base and curing agents were mixed with the volume ratio of 10:1, respectively. The 

mixture was poured into a Teflon-made plate with known volume, where the Aero-GaN 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 Aero-GaN wired with silver paint 

and completely embedded into PDMS was realized using Keitheley 2400 instrument. 

3. Results and discussion 

Among the most fascinating properties of Aero-GaN one can mention the dual hydrophobic-hydrophilic 

properties. The interpenetrated GaN hollow micro-tetrapods have the inner surface of micro-tubular arms 

covered by an ultrathin film of zinc oxide, which is superhydrophilic, while the outer surface of tetrapod 

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 

properties1. Using these dual properties, we encapsulated liquid droplets inside self-organized Aero-GaN 

membranes, thus fabricating Liquid Marbles (LM) with unique properties like self-propelled stationary 

rotation at record velocities or self-propelled pulsed rotation1. 
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We demonstrated that Aero-GaN is an EMI shielding material with good performances in the X-band2 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 aero-GaN among the best THz shielding 

materials known today3. To the contrary, Aerogallox exhibits extremely low reflectivity and high 

transmissivity in an ultrabroadband electromagnetic spectrum ranging from X-band (8ï12 GHz) to several 

terahertz which opens possibilities for quite new applications of gallium oxide4. Besides, aero-Ga2O3 was 

found to be promising for photocatalytic applications. The functionalization of aero Ga2O3 with noble metal 

nanodots proves to stimulate the photocatalytic degradation of methylene blue under UV or visible light 

illumination5. The electrical resistance of the Aero-GaN/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 PDMS differs 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 Aero-GaN architecture.  

The inset in (a) shows the picture of a wired sample of Aero-GaN 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 aero-GaN embedded in PDMS (red curve) 

 

4. Conclusions 

Taking aero-GaN and aero-Ga2O3 as examples, we demonstrate that semiconductor-based aero-

nanomaterials exhibit unique properties promising for multifunctional applications. The extremely low 

specific density and EMI shielding characteristics of aero-GaN open possibilities for space applications, 

while the excellent transparency in an extremely wide range of the electromagnetic spectrum, covering the 

X-band and THz region, makes aero-Ga2O3 perspective for internet-of-thinks applications. The dual 

hydrophobic/hydrophilic properties of aero-GaN are important for microfluidic applications. In particular, 

the demonstration of self-propelled rotating liquid marbles paves the way to the development of various 

mini-bioreactors for the study of living cells in specific confined conditions. 
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1. Introduction 

Polymer based bio-hybrid nanostructures, composed of synthetic or natural polymers and 

biomacromolecules or low molecular weight compounds of biological origin and medical interest, are 

attracting increasing attention due to their wide range of applications in the fields of nanomedicine (e.g. 

gene and therapeutic protein/peptide delivery, bio-imaging), bio-sensing, bio-catalysis, functional bio-

interactive surfaces and agriculture1,2. They combine the properties of their biological and synthetic 

components and present nanoscale dimensions, bio-responsive properties and in many cases hierarchical 

internal structure. A convenient way to prepare them is the co-assembly of rationally chosen functional 

components, making possible their production in an easy and reproducible fashion, and allowing up-scaling 

of the formulation process. Functional synthetic copolymers, and especially block copolymers, are valuable 

building blocks for bio-hybrid nanostructures since they can be synthesized in a tailor-made 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 formation and interactions at the supramolecular level. In this presentation some examples of 

novel bio-hybrid self-assembled nanostructures based on block copolymers, and developed in our group in 

the past five years, will be discussed, together with some proof-of-concept studies related to specific 

biomedical applications of the resulting nanoassemblies.  

2. Experimental 

Reversible addition-fragmentation chain transfer (RAFT) polymerization was employed for the synthesis 

of a series of diblock copolymers and triblock terpolymers, as well as mikto-arm star copolymers. The 

particular polymerization scheme allows for a good control over the macromolecular structure and chemical 

functionalities, giving copolymers with predetermined molecular weights, compositions and architectures, 

and narrow dispersity, through rational choice of monomers and chain transfer agents (CTAs) of 

appropriate reactivity. Further post-polymerization chemical modification i.e., via quaternization of ternary 

amine groups on the chains, provide copolymers of differentiated chemical and physical properties in 

respect to the precursor copolymers.  

The block copolymers synthesized include amphiphilic poly((2-dimethylamino) ethyl methacrylate)-b-

poly(lauryl methacrylate) diblock copolymers (PDMAEMA-PLMA), poly(N-isopropylacrylamide)-b-

poly(oligoethylene glycol acrylate) (PNIPAM-POEGA) and poly(N-isopropyl acrylamide)-b-quaternized 

poly((2-dimethylamino) ethyl acrylate) (PNIPAM-QPDMAEA) thermoresponsive diblocks,  quaternized 

poly((2-dimethylamino) ethyl methacrylate)-b-poly(lauryl methacrylate)-b-poly((oligoethylene glycol 

methacrylate) (QPDMAEMA-PLMA-POEGMA), poly(n-butyl acrylate)-b-poly(N-isopropyl acrylamide)-

quaternized poly((2-dimethylamino)ethyl acrylate) (PnBA-PNIPAM-QPDMAEA) triblock terpolymers, 

and finally quaternized poly((2-dimethylamino) ethyl methacrylate)x-poly(oligoethylene glycol 

methacrylate)y (QPDMAEMAx-POEGMAy) double hydrophilic mikto-arm star copolymers3. 

Bio-hybrid nanostructures were constructed by simple mixing of the components leading to electrostatic 

self-assembly, 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 molecular weight hydrophobic drugs (e.g., indomethacin, curcumin). 

Several analytical and physicochemical techniques were utilized for the molecular characterization of the 

copolymer synthesized, i.e., SEC, NMR, FTIR, and of the supramolecular bio-hybrid structures resulting 

from the co-assembly of the copolymers with nucleic acids, insulin and hydrophobic drugs, including light 
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scattering (SLS, DLS, ELS), spectroscopy (UV-Vis, FTIR, Fluorescence) and cryogenic transmission 

electron microscopy (cryo-TEM) techniques. 

3. Results and discussion 

Analytical data after polymer preparation support the successful synthesis of the designed copolymers 

which self-assemble in aqueous media, giving nano-assemblies of different internal structure, which 

respond to pH, temperature 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 formed after 

complexation of QPDMAEMA-PLMA-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 with DNAs which respond also to 

pH and ionic strength. 

QPDMAEMAx-POEGMAy 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 encapsulate indomethacin into PNIPAM-POEGA 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 terpolymer micelles showing increased intrinsic fluorescence.   

4. Conclusions 

Several novel bio-hybrid nanostructures have been constructed by co-assembly of rationally designed block 

copolymers, synthesized by RAFT polymerization, and nucleic acids, insulin and hydrophobic drugs. All 

structures showed nanoscale dimensions, intriguing morphologies and multi-responsive properties toward 

pH, temperature and ionic strength changes in aqueous media. These studies provide useful guidelines for 

the development of functional multicomponent nanostructures for biomedical applications.   
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1. Introduction  

Polymer brush surfaces, consisting of densely surface-grafted polymer chains, have the capacity to switch 

their surface properties in response to stimuli that cause conformational transitions between 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 wettability, adhesion, 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 brushes to be leveraged towards 

greater surface-based sensing materials. In our work, we investigate how poly(N-isopropylacrylamide) 

(PNIPAM) polymer brush surfaces adapt to surface solvation through specific orientation of the polymer 

chain ends1, and how integration of Förster resonance energy transfer (FRET) fluorophores can lead to 

materials that self-report chain conformation across complex interfaces2. 

2. Experimental  

We assemble dense polymer brush surfaces via a grafting-to process from a polymer 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 chains/nm2.    

Figure 1. Schematic of the assembly of PNIPAM brushes on PGMA-coated substrates 

 

 

3. Results and discussion  

Co-nonsolvency effects arise when a mixture of two ñgoodò solvents can then form a ñbadò solvent, leading 

to polymer collapse/aggregation. For PNIPAM, this effect occurs in mixtures of water and alcohol. As a 

stimulus, this offers an intriguing possibility to tune polymer brush conformation via subtle changes in the 

composition of aqueous mixtures. We report on sum frequency generation (SFG) measurements of 

PNIPAM brush surfaces that have been prewetted 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 prewetted with ethanol (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 water-prewetted substrates leads to significant ñmemoryò effects. A 

water droplet causes the surface 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 reference1 

 

In other work, we have engineered FRET donor (green, NBD) and acceptor (red, Rhod B) fluorophores 

into separate blocks within the polymer brush (Figure 3A), where FRET pairing was used as a basis to 

report the conformation of the polymer brush. Co-nonsolvency effects were used to induce conformational 

changes and FRET (Figure 3B), which allowed for direct comparison between ellipsometry and FRET 

(Figure 3C), where high FRET was consistent with collapsed chains, and low FRET was consistent with 

fully swollen chains. This relationship was additionally confirmed by molecular dynamics simulations of 

polymer brushes impregnated with quasi-fluorophore 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) direct comparison of FRET to 

height as a function of MeOH concentration; (D) confocal microscopy images of the FRET relation 

across the hexane-water interface. Figure adapted from reference2  

 

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 hexane-water interface. It was found that at the interface of these immiscible liquids, there is a region 

of ~50 ɛm of low FRET (high donor fluorescence), indicating that the polymer brush is fully extended.  

4. Conclusions 

Through contact angle and SFG studies, we have shown how PNIPAM polymer brush surfaces 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 liquids, and 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 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 Co(II) complexes which catalyze the chain transfer of hydrogen to 

monomer reaction and also provides a high level of vinyl ɤ-end group functionality. Due to their high chain 

transfer constants, Co(II) complexes are efficient in low concentrations (ppm to monomer). The 

effectiveness of the catalysts, and the fact that radical addition to the vinyl end group of CCTP 

macromonomers forms adducts that readily undergo ɓ-scission, allow them to function as addition-

fragmentation chain transfer agents (CTAs) and render CCTP extensively applicable in industry.  

CCTP was discovered in the USSR in the mid-1970s, when Smirnov and Marchenko were investigating 

cobalt porphyrins (Figure 1-2, (1)) catalysts for the redox decomposition of peroxy initiators for radical 

polymerisation. The observation that some Co(II) complexes appeared to inhibit FRP of methyl 

methacrylate (MMA) lead to further investigation. Thus, further studies from Gridnev, DuPont OôDriscoll, 

the Glidden Paint company and ICI/Zeneca have led to a significant understanding of the catalytic process 

and to the very active cobaloxime catalysts being developed (Figure 1-2, (2, 3)).  

In general, the most effective CCT agents are low-spin cobalt(II) complexes with octahedral geometry 

derived from a square planar ligand with two axial sites. Co(II) is a 3d7 electron system and can exist as 

either low- or high- spin (i.e. one or three unpaired electrons Figure 1-3)), so the choice of the correct ligand 

to give a low-spin 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 radical from a propagating polymer gives a relatively stable radical which is prone to 

fragmentation as a S-free 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 

 

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 

V Block copolymers of polyethene and polymethacrylates 
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Inhibition of carbonic anhydrase (CA, EC 4.2.1.1) was clinically exploited for decades, as most modern 

diuretics were obtained considering as lead molecule acetazolamide, the prototypical CA inhibitor (CAI). 

The discovery and characterization of multiple human CA (hCA) isoforms, 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 arthritis, oxidative stress and 

Alzheimerôs disease.  

Proof-of-concept studies thus emerged by using isoform-selective inhibitors, which may lead to new 

clinical applications in such areas.  

Relevant preclinical models are available for these pathologies due to the availability of isoform-selective 

CAIs 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 bacteria, fungi, protozoans or nematodes started recently to be 

considered for obtaining anti-infectives with a new mechanism of action1-6. 
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1. Introduction  

Five- and six-member ring azaheterocyclic and their hybrids compounds are reported as highly valuable 

materials in medicine and pharmacy (drugs, as antibacterial, antifungal, anti-inflammatory, anti-HIV, 

anticancer, antihypertensive, anticoagulants, diuretics, etc.), opto-electronics (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 (1H, 13C, 2D-correlations). The NMR apparatus (Bruker Advance 

III 500 spectrometer) is equipped with a 5 mm PABBO detection probe, operating at 500.1 MHz for 1H and 

125 MHz for 13C. The chemical shifts (ŭ) are reported in ppm and the coupling constants (J) in Hertz. 

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 five- and six-member ring azaheterocyclic and 

their hybrid compounds.1-5 
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The chemistry involves straight and efficient organic chemistry reactions: alkylation, acylation, 

estherification, etherification, 3+n cycloadditions. Some of the new setup procedures 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 biological 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. Some of the obtained compounds are promising leading drug candidates.  

Acknowledgements. Acknowledgments to CNCS - UEFISCDI, Romania, project number PN-III -P4-ID-

PCE-2020-0371. 
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1. Introduction 

Electrochromic (EC) polymers can be regarded 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 electron-transfer (redox) process or by a sufficient electrochemical potential1,2. 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 devices.3-7 Depending on the 

material used, EC devices can be classified into inorganic metal oxides, metal complexes, hybrid materials, 

metal plasmonicsïmetal/alloy, and organic molecules/polymers.2 Nowadays, EC polymers are of particular 

interest due to their low cost, easy processing and facile control 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 interesting since they can show more than two reduction/oxidation (redox) 

states and generate multiple colors.8 On the other hand, triphenylamine (TPA) and its derivatives known as 

triarylamines form a class of versatile redox-active molecules widely investigated owing to their promising 

hole transporting ability.9,10 Common applications of triarylamine derivatives include opto-electronic 

devices, like organic light emitting diodes (OLEDs),11 electrochromic devices,12 dye sensitized solar 

cells,13,14 or organic solar cells (OSCs).15,16 The electron-rich property of TPA has also been applied in 

electrochemical energy storage17 and electrical memory devices.18,19 The use of triarylamine derivatives in 

such applications is attractive 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 compounds 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 

applications.20Among them, high-performance 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 specific and attractive EC features21. 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 their 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 triarylamine-based polymers, 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 with donor-acceptor topology 

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

the same polymeric chain 1,3,4-oxadiazole substituted di-/triphenylamine and naphthalene or perylene units 

were investigated. Although the polyimides proved to be soluble only in polar aprotic solvents 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. Two 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 evidenced the evolution 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 IïV curves of an EC device realized with a triarylamine-based polyimide  

and the color variation during potential sweep 

 

It was found that the response time to coloring and bleaching is low. 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 electrochemically active n-type polyimides by 

judicious material design.  
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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 an analysed sample. It characterizes the sample and reveals the thermal and 

oxidative stability, as well as its composition.1 There 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 micro-plastics existent in the environment. The non-uniform distribution of 

these particles imposes complementary analyses beside FTIR and Raman.2 The combination of thermo-

analysis with chromatographic separation may identify and even quantify different polymers present in the 

organic sediments.3 Application of thermal analysis for micro-plastics characterization increased lately. The 

method is based on the identification of the polymers by their degradation products, presenting a good 

selectivity and sensitivity due to the new automated procedures.4 Thermo-gravimetric analyses (TGA) 

coupled with FTIR or MS were largely applied in the area.5 TGA was also used for finding the composition 

of different geo-polymers,6 or polylactic acid polymers reinforced with natural or synthetic fibers.7 TGA 

profiles are efficient for a qualitative-quantitative determination of main components of mycelia from 

wood-decay fungi,8 poplar wood,9 or post-consumer plastic waste.10  

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 of a bio-composite with laccase are 

discussed. 

2. Experimental  

A potential carrier for enzyme immobilization was prepared according a previously described procedure, 

from a mixture of PVA and CMC.11  

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 precursors.12 This polymer 

carrier was functionalized by treatment with glutaraldehyde and a commercial lacase was covalently linked, 

as described before (see procedure a).13  

The thermal analyses have been performed with a Netzsch type 449C STA in the first case (PVA and 

CMC)11 and Luxx STA Jupiter in the second case (PVA and enzyme).14 The samples were placed in alumina 

crucible and heated with 5 or 10 K minī1, respectively.11,14  

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 composition. 
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Figure 1. Thermal behavior of cryogel polymer composite PVA and CMC as cooper salt a) initial; b) 

after being kept in water 

 

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 CMC cooper salt was evidenced by UV-

Vis spectroscopy.11 11 

Information on the properties of the immobilized enzyme and the components of the catalyst have been 

obtained from the thermal analyses of the laccase PVA bio-composite. The higher stability of the 

commercial enzyme in comparison with an analytical sample was evidenced. An increase of the carrier 

stability by functionalization was also observed (Figure 2).14 Other advantages of the immobilization 

process will be described. 

Figure 2. Thermal behavior of cryogel PVA polymer a) initial; b) functionalized 

 

 

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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Multifunctional materials are designed to meet specific requirements through tailored properties. 

Nowadays, there is a high demand for ñsmartò materials with integrated functionalities that make them 

responsive to multiple stimuli, switchable and adaptive. ñSmartò or stimuli-responsive materials can alter 

their chemical and/or physical properties upon exposure to external stimuli.1  

The development of specialized stimuli-responsive polymers with potential applications in harvesting the 

photomechanical energy, healable hard coatings, self-repellent surfaces, detecting and sensing is witnessing 

exciting progress.2 However, designing accessible stimuli-responsive polymers that can function as multi-

signal processing sensors is of particular interest.  

Inspired by this promising progress and current interest, we envisioned that poly(2-isopropenyl-2-

oxazoline) (PiPOx) can stand as a reactive functional platform for the synthesis of well-defined stimuli-

responsive materials. 

2-Isopropenyl-2-oxazoline (iPOx) is a monomer belonging to the 2-oxazolines class, which via its 2-vinyl 

substituent, can be polymerized to poly(2-isopropenyl-2-oxazoline) (PiPOx), with the retention of the 2-

oxazoline ring as reactive side-chain functionality providing a platform for a variety of post-polymerization 

functionalization methods.3,4 iPOx was successfully polymerized via free radical polymerization5, rare earth 

metal group transfer polymerization6 and more recently living anionic polymerization3 using commercially 

available n-butyllithium giving access to polymers with controlled molecular weight and narrow dispersity. 

PiPOx is a versatile polymer which is 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.7 The side chain 2-oxazoline rings in PiPOx are susceptible to quantitative polymer analogous 

reactions.3,4 Statistical copolymers of iPOx and other vinyl monomers are attractive materials because of 

the synthetic simplicity of modification by polymer analogous reactions allowing the development of 

structureïproperty correlations.3,5,8  

Compared to other polymeric scaffolds used for polymer analogous reactions, the ring opening addition 

reaction of iPOx functionalities does not generate any by-products and does not require any catalyst when 

reacted with carboxylic acids (Scheme 1). 

Scheme 1. The polymer analogous modification reaction of PiPOx with carboxylic acids leading to 

partially functionalized copolymers 

 

Post-polymerization modification reaction with (di)carboxylic acids is a versatile and robust reaction which 

enables the synthesis of soluble as well as 3D materials functional materials with a variety of applications 

(Figure 1). This versatile and functional platform was used for the preparation of thermoresponsive 



 

 
32 

copolymers with tunable lower critical solution temperature (LCST) behavior3, hydrogels9, molecular 

brushes10 and materials for photonics.11 Moreover, PiPOx hydrogel materials with properties that can easily 

be tuned from soft, to ultra-tough or elastic, simply by altering the nature of the crosslinker, were obtained. 

12  

In this contribution we will outline the versatile one-pot multi-modification approach of PiPOx to 

synthesize stimuli-responsive materials with target properties. The emerging applications of these polymers 

as temperature sensors,3 ophthalmologic biomaterials,9 materials for detection and sensing applications, 

drug delivery13, though hydrogels12, and water purification materials14 will be discussed. 

Figure 1. Applications of PiPOx based materials obtained by post-polymerization modification reaction 

with (di)carboxylic acids 
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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 energy-intensive1. For example, processes like 

distillation used 10ï15% of the world's energy consumption2. Additionally, conventional separation 

represents up to 40ï70% 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 handle the industries 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 resistance, the membranes need 

to be stable at high temperatures since most of the separations are taking place in the range of 60-90 ̄ C or 

even higher3. 

2. Results and discussion  

In this paper, we report different strategies to prepare stable polytriazole membranes for organophilic 

filtration. We used the polytriazole with pendant hydroxyl (OH) groups because it can easily be synthesized 

in large amounts by reacting polyoxadiazole precursor with 4-aminophenol at high temperature (Figure 1a). 

The resulting polymer shows good mechanical properties and high thermal and thermal-oxidative 

stability4,5. 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 membranes 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 ÁC (Figure 1c). We obtained a constant permeance value, which indicates no 

significant physical aging and compaction during the experiment, demonstrating that the flexible 

crosslinker enhances mechanical membrane stability. Using different casting solutions in N-methyl-2-

pyrrolidone and adjusting the length of diepoxy crosslinkers, it is possible to tailor the rejection of the 

polytriazole membranes to cover from the lower end ultrafiltration (7000 g/mol) to the upper end of 

nanofiltration (3000 g/mol). Moreover, due to the versatility of this polymer, we could tune 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 4 - 10 L m-2 h-1 bar-1 (Figure 1d).  

In addition, by direct crosslinking of the polytriazole membrane at high temperature, we obtained a rejection 

>95% for methyl orange (327 g/mol) in DMF, which is maintained at 60 ÁC or 90 ÁC filtration (Figure 1d). 
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Figure 1. (a) Synthesis of the polytriazole with hydroxyl groups (PTA-OH);  

(b) Schematic illustration of the phase inversion method; (c) DMF permeance for 22꜡h through a 

crosslinked polytriazole membrane at 105꜡ÁC; (d) Rejection of different molecular weights of PEG during 

the filtration in DMF using different crosslinked polytriazole membranes; (e) UV-VIZ spectra for methyl 

orange separation in DMF at 30꜡ÁC, 60꜡ÁC and 90꜡ÁC 

 

 

3. Conclusion  

In conclusion, using the right strategy to prepare crosslinked polytriazole membrane, 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 have a well -

defined shape. Namely, oscillatory tests in rheology are referred to DMA.1 In the 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 

applicability. 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 Petru Poni Institute of Macromolecular Chemistry (ICMPP), 

Iasi, in the last years2 and will outline few directions for the foreseeable future. 

2. Experimental  

Dynamic mechanical experiments were performed on a Perkin Elmer DMA analyzer in tension, bending 

and shear mode. Samples as films, bars and rectangular geometry were used. The isochronal experiments 

were run by increasing the temperature in ramp mode (2 oC/min, 1 Hz) until the temperature where on the 

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

were conducted by raising the temperature in step-scan mode, with the step of 2 oC/min, the soak time 300 

s and the working frequencies between 0.01 and 100 Hz. The changes of elastic modulus (Eô), loss modulus 

(Eôô) and loss factor (tan ŭ) were recorded as a function of temperature and frequency. 

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 temperature 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 polymer ï poly(methyl 

methacrylate) (PMMA), a high performance polymer (polyimide ï PI), a polyurethane 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 behavior of a polyurethane and a PLA in a single frequency DMA experiment

 

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 high that they slip 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 scientist is, by far, mostly interested in the temperature of Ŭ-

relaxation, that is associated with the glass transition temperature (Tg). In contrast 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. In general, any drop of Eô and any peak of Eôô and tan Ǣ has a 

meaning; however, not any tan Ǣ peak 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 (relaxation) and a 

melting/crystallization (kinetic process), there is the option to make the difference. A multifrequency 

experiment distinguishes the frequency-dependent phenomena (glass transition) from the frequency-

independent phenomena (melting, crystallization). One striking particularity of the DMA behavior of each 

polymer included in Figures 1 and 2 are: PMMA (Tg~ 135 oC) ï a classical viscoelastic behavior of an 

amorphous polymer; polyimide (Tg ~ 275 oC)ï the very high value of the glass transition temperature and 

the presence of residual amic acid segments; polyurethane (Tg between -50 and 50 oC)ï large glass transition 

region (hard and soft segments), network features (low tan Ǣ value, Eô>Eôô all over the temperature 

investigated; PLA (Tg ~ 65 oC)ï cold crystallization on the rubbery plateau. Time-temperature equivalence 

is typical for the viscoelastic behavior of polymeric materials and is used, under certain conditions, for the 

prediction of long-term properties3. In this sense, few examples will be included in the presentation. Also, 

a challenging issue is the utility of DMA in evaluating polymers with dynamic covalent bonds4. 

4. Conclusions 

DMA represents a must-have analytical technique for the investigations of some unique properties of 

polymers. It is a sensitive mean to detect secondary and primary relaxation in polymers, while a temperature 

scan evaluates the Eô and Eò moduli in a single experiment. Nevertheless, the experiment cannot be 

performed on shapeless samples and the correctness of the dimensions is crucial. Depending on the final 

purpose, DMA can be time-consuming and the insight of the experimenter in interpreting the results is 

crucial. 
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1. Introduction  

The creation of cost-effective 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 effective 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 of many organic pollutants. In this relation, one of the most reported and 

commonly used photocatalyst in the removal of organic pollutants is titanium oxide (TiO2) because of its 

ability to generate hydroxyl radicals (HOÅ) and superoxide radical anions (O2Åï) upon UV-light irradiation. 

Particularly, various studies revealed that poly(methyl methacrylate) (PMMA) is an appropriate host matrix 

for TiO2 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/TiO2 composites have been recently reported, to the best 

of our knowledge, there is no thorough study on the effect of TiO2 nanoparticles as a filler in uniform 

defect-free fibers on the properties of electrospun PMMA/TiO2 composites. In the past few years, we have 

demonstrated the possibility for fabrication of multifunctional hybrid materials by electrospinning.1-3 

Electrospun materials based on poly(3-hydroxybutyrate) and TiO2 with tailored design, displayed excellent 

stability and preserved almost completely their photocatalytic activity. 

2. Experimental  

Solutions of PMMA (15% w/v) in DMF were prepared by heating at 50°C using a reflux condenser. In 

order to obtain PMMA/5TiO2 and PMMA/10TiO2 composites, TiO2 nanopowder (5 and 10 wt. % with 

respect to PMMA) were added to the PMMA solutions. The obtained dispersions were homogenized by 

sonication 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 × o.d. 0,9 mm) and syringe pump for delivering the spinning dispersions. 

Electrospinning of PMMA solution and PMMA/TiO2 dispersions was performed at 15 kV applied voltage, 

needle tip-to-collector distance of 10 cm, 2 ml/h flow rates and collector rotation speed of 1200 rpm. These 

optimal electrospinning conditions were found by testing of various combinations of processing parameters 

(applied voltage, flow rates and needle tip-to-collector distance). 

3. Results and discussion  

In the present study electrospinning was successfully used for one-step fabrication of poly(methyl 

methacrylate) (PMMA) fibers loaded with an inorganic photocatalyst ï TiO2. By tuning the PMMA/TiO2 

ratio and the electrospinning conditions (applied voltage, needle tip-to-collector distance and flow rates), 

PMMA/TiO2 composites with selected organic/inorganic ratios, tailored design and targeted properties 

were obtained. 

The morphology of the electrospun composites was affected by the amount of TiO2 incorporated into 

PMMA fibers as shown by SEM analyses. The SEM micrographs clearly shows that the selected 

concentrations and electrospinning conditions lead to the fabrication of cylindrical, uniform and defect-free 

fibers with a certain fiber alignment in the direction of collector rotation. Interestingly, the surface of the 

composite fibers was decorated with TiO2. Moreover, with increasing the TiO2 concentration into PMMA 



 

 
38 

fibers, the number of the particles onto the fiber surface increase. 

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

Contact angle measurements revealed that the wettability of the composites might be easily changed from 

hydrophobic to superhydrophilic after 1 h UV-light irradiation. In particular, TiO2 had slight impact on the 

thermal stability and optical properties 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/TiO2 

composites preserve almost completely their photocatalytic activity and show excellent photocatalytic 

efficiency against model organic pollutant ï methylene blue, even after threefold use. Thus, the proposed 

original and simple approach is very promising for the future development of highly efficient membranes 

for photocatalytic water treatment. 
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1. Introduction  

Molecular photoswitches are known as light-responsive systems that are designed to enable to change the 

internal coordinates with high spatiotemporal resolution. These classes of compounds have found 

applications in nanomachines and smart materials, actuators, light-sensitive materials, design of light-

modulated molecular devices, photoswitches for protein modulation.1  

Azobenzene is a chemical compound 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 geometries with temporal 

and spatial precision. In the case of the azobenzene chemical system, two isomers have been proposed trans 

and cis isomers. The equilibrium geometry of trans isomer in ground state has an orientation to be a nearly 

planar or coplanar structure2,3 and it is the most stable conformer by thermodynamic point of view. On the 

other hand, the cis isomer is a twisted molecular system with a non-coplanar geometry orientation being 

metastable due to the effect of distorted conformation having into account the sterically repulsion between 

aromatic moieties.2,3 The isomerization reaction from the trans to cis isomer is activated with UV light (hɜ1) 

(Figure 1). This reaction in case of azobenzene derivatives is a reversible process.  

The cis-trans reverse isomerization can be realized by two procedures: thermodynamic path (æ), when the 

temperature is the most important factor, and the second path, back conversion, which is a fast process, 

which can be driven by visible light (hɜ2), Figure 1. These isomerization processes suggest that the 

azobenzene structure has distinct geometries due to the intramolecular conversion with different temporal 

and spatial precision. 

Figure 1. Trans ź cis isomerization reaction of unsubstituted azobenzene 

 

Theoretical and experimental determinations revealed that in the azobenzene derivatives two well-separated 

absorption bands in the UV-vis range appear. A strong absorption band in the UV region, where a ˊ Ÿ ˊ* 

vertical transition (So Ÿ S2) occurred and an absorption band located in the visible range, much weaker in 

intensity, arising from an n Ÿ ˊ* forbidden excitation (So Ÿ S1).  

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 unresolved. Four mechanism pathways have been proposed to occur during 

isomerization: rotation, inversion, concerted inversion, and inversion assisted by rotation. These 

mechanisms involve a modification of internal structural coordinates such as -N=N- bond length, C-N=N 

or N=N-C valence angles and C-N=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 investigate the electronic structure of some azobenzene derivatives having 

maleimide functional groups by a DFT, TD-DFT and ab initio computational determinations. The 

theoretical results were compared to the experimental data from UV-vis analysis. 
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2. Computational details  

All calculations were based on DFT and TD-DFT 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 azobenzene core 

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 low-lying transitions. 

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

 

 

The presence of maleimide fragments at the azobenzene core influences the cis - trans interconversion 

barrier by decreasing the activation energy by 7 kcal/mol as compared to unsubstituted azobenzene, thus 

favoring the inversion assisted by rotation isomerization mechanism. 

4. Conclusions 

Computational results showed that the maleimide moieties can introduce nˊ*CT and ˊˊ*CT low-lying 

transitions having a charge 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  

Enantioanalysis became 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 studied by clinicians, 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, CA 19-9, cannot always 

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 diagnosis. The tools 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. Fast screening methods were performed 

with high reliability. 

3. Conclusions 

This study opened a new era for the enantioanalysis of biomarkers 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 metabolomics process 

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 phenol-based building blocks widely used as additives for the synthesis of epoxy-

resins and polycarbonates.1 Many 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 carcinogenicity.2 For this reason, over the last few years, many studies have been conducted 

on the removal of bisphenol as a pollutant.3 In this context, cyclodextrins (CD) play a crucial role thanks to 

their molecular recognition abilities in aqueous solvent.4  

During the synthesis of 4,4´-dihydroxydiphenyl sulphone (4,4 -́BPS) large quantities of the isomeric 2,4´-

dihydroxydiphenyl sulphone (2,4 -́BPS) are formed as by-product. 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 2,4´-isomer cannot be easily achieved.5 

Unfortunately, the presence of the 2,4´-isomer complicates the issue of molecular control in the field of 

application of bisphenol S and increases the related pollution problems. 

While many studies have been reported concerning the molecular recognition of 4,4´-dihydroxydiphenyl 

sulphone (4,4 -́BPS) inside the hydrophobic cavity of ɓ-CD in aqueous system, to date no information has 

been reported regarding the complexation abilities of ɓ-CD toward the 2,4´-isomer in water. Prompted by 

these considerations we evaluated the complexation abilities of the ɓ-CD toward the two isomeric 

dihydroxydiphenyl sulphones, in solution, solid state, and gas phase. 

2. Results and discussion 

The formation of the inclusion complexes 4,4 -́BPS@ɓ-CD and 2,4 -́BPS@ɓ-CD was proved by 1D and 

2D NMR (NOESY and DOSY) experiments (Figure 1), while ITC investigation evidenced that the ɓ-CD 

host shows a greater affinity for 4,4 -́BPS with respect to its isomer 2,4 -́BPS with a 4,4 -́BPS/2,4-́BPS 

selectivity ratio of about 6.3. ITC 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 interactions between BPSs guests 

and ɓ-CD. 

The formation of the inclusion complexes between the ɓ-CD and the two isomeric 4,4 -́BPS and 2,4 -́BPS 

was detected also in gas phase by FT ICR ESI MS studies. This result confirms that the presence of 

secondary interactions between BPSs guests and ɓ-CD host plays a crucial role for the formation of 4,4 -́

BPS@ɓ-CD and 2,4 -́BPS@ɓ-CD complexes. In gas phase, collision-induced dissociation (CID) 

experiments indicate that 4,4 -́BPS has a higher kinetic barrier to escape from the ɓ-CD cavity than the 

isomeric 2,4 -́BPS. X-ray investigation (Figure 2), show that in the solid state, the 4,4 -́BPS@ɓ-CD 

complex forms a head-to-head dimer constituted by two ɓ-CD macrocycles, which hosts two 4,4 -́BPS 

guests. The dimer of ɓ-CD is sealed by seven strong H-bonding interactions involving exclusively the 

secondary O3 hydroxyl groups. Analogously the 2,4 -́BPS@ɓ-CD complex forms a dimeric assembly in 
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the solid state in which two 2,4 -́BPS guests were included into the cavity. In the solid state, the inclusion 

of 4,4 -́BPS guest inside the ɓ-CD cavity did not result in complete water-desolvation effect, in agreement 

with the results of the ITC study.  

Figure 1. Left- 1H NMR spectra (600 MHz, 298K, D2O) of: a) ɓ-CD; b) equimolar mixture of ɓ-CD and 

4,4 -́BPS; c) 4,4 -́BPS; d-e) Expansion of the 1H NMR spectrum (a) and (b); (f) Significant portion of the 

2D NOESY spectrum of the 4,4 -́BPS@ɓ-CD complex. Right- 1H NMR spectra (600 MHz, 298K, D2O) of 

a) ɓ-CD; b) equimolar mixture of ɓ-CD and 2,4 -́BPS; c) 2,4 -́BPS; d-e) Expansion of the 1H NMR 

spectrum (a) and (b); f) Significant portion of the 2D NOESY spectrum of the 2,4 -́BPS@ɓ-CD complex. 

 

 

Figure 2. Side and top views of the solid state of bisphenol@ɓ-CD dimeric complexes: (a, b) (4,4Ëⱷ

BPS@ɓ-CD)2; (c, d) (2,4ËⱷBPS@ɓ-CD)2 

 

 

Finally, the formation of inclusion complexes between 4,4 -́BPS or 2,4 -́BPS and ɓ-CD was also confirmed 

by FT IR, DSC and TGA analysis. DSC curves evidenced significant changes in material properties of 4,4 -́

BPS@ɓ-CD and 2,4 -́BPS@ɓ-CD complexes in comparison to starting raw materials; unexpectedly no 

thermic stabilization was detected by TGA analysis for both 4,4 -́BPS and 2,4 -́BPS upon inclusion inside 

the ɓ-CD cavity. 

Acknowledgements 

The financial support of the Regione Campania project ñIl potenziamento e la riqualificazione del sistema 

delle infrastrutture nel settore dellôistruzione, della formazione e della ricercaò (POR CAMPANIA FESR 

2007/2013 O.O.2.1, B46D14002660009) is acknowledged. The authors thank the Centro di Tecnologie 

Integrate per la Salute (CITIS, Project PONa3_00138) for the access to the FT-ICR mass spectrometer 

facilities. 

1 M. Thoene, L. Rytel, N. Nowickac, J. Wojtkiewiczc, Toxicol. Res. 7, 371-380, 2018 
2 (a) L.N. Vandenberg, R. Hauser, M. Marcus, N. Olea, W.V. Welshons, Reprod. Toxicol. 24, 139-177, 2007, (b) L.H. 

Wu, X.M. Zhang, F. Wang, C.J. Gao, D. Chen, J.R. Palumbo, E.Y. Zeng, Sci. Total Environ. 615, 87-98, 2018, (c) D. 

Crump, S. Chiu, K.L. Williams, Environ. Toxicol. Chem. 35, 1541-1549, 2016. 
3 (a) I.A. Shabtai, Y.A. Mishael, ACS Appl. Mater. Interf. 10, 27088-27097, 2018, (b) A. Alsbaiee, B.J. Smith, L. 

Xiao, Y. Ling, D.E. Helbling, W.R. Dichtel, Nature 529, 190-194, 2016 
4 (a) H. Kitano, H. Endo, M. Gemmei-Ide, M. Kyogoku, J. Incl. Phenom. Macrocycl. Chem. 47, 83-90, 2003, (b) T. 

Nakaji-Hirabayashi, H. Endo, H. Kawasaki, M. Gemmei-Ide, H. Kitano, Environ. Sci. Technol. 39, 5414-5420, 2005 
5 C. Vegter, C. Geert M.M. De Brabander, US 3065274 19621120, 1962  



 

 

45 

 

NOVEL STUDIES ON SILK SERICIN BIOFUNCTIONALIZATION BY  

ATOM TRANSFER RADICAL POLYMERIZATION  

 

Ionut -Cristian Radu,* Mircea Teodorescu, Madalina Necolau, Catalin Zaharia,  Horia Iovu  

University Politehnica of Bucharest, Faculty of Applied Chemistry and Materials Science,  

Advanced Polymer Materials Group, Bucharest, Romania  

* radu.ionucristian@gmail.com 

 

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 Mori moth. They are very promising biomaterials with different relevant applications tissue 

engineering, regenerative medicine, or drug delivery.1 The major protein in the silk assembly is the fibroin 

being also the most abundant (70-80%). Sericin, the second main protein component of the silk, has been 

also acknowledged as a potential biomaterial in recent years.2 Silk sericin was less studied and used as 

compared to fibroin. In most of the cases, the water-soluble sericin is removed from silk to purify the fibroin 

and to obtain a more biocompatible 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 had demonstrated that silk sericin can function 

as a substrate for the in vivo regenerative medicine or as a powerful tool innovative nanotechnology in drug 

delivery and gene therapy. The delivery of exogenous DNA fragments offers a promising approach for the 

treatment of numerous genetic disorders including cancer. Numerous research studies had successfully 

reported gene delivery based on recombinant spider silk proteins or silk fibroin nanocomplexes.3 In this 

regard, silk sericin is the next silk protein taken in sight 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 self-assembled nanocarriers. In this context, the silk sericin was 

reacted with alkyl halogens in order to provide the available halogen sites. The synthesis product (Ser-Br) 

was purified via dialysis p for one week using special cellulose membrane. The modified silk sericin was 

studied in terms of solubility behavior using several organic-inorganic solvents. The next step involved the 

growth of polymeric synthetic chains by a grafting procedure based on ATRP. Polymeric chains of poly-

(2-dimethylamino ethyl methacrylate) (PDMAEMA) were grown in a controlled manner in order to design 

a biofunctionalized silk sericin with the desired chemistry. The final synthesis product (Ser-PDMAEMA) 

was purified by filter washing with dimethylformamide. The two synthesis pathway products were 

successfully characterized by physico-chemical means in order to reveal the chemical modifications (FTIR, 

RAMAN, NMR). 

3. Results and discussion  

The first product, Ser-Br, was investigated by FTIR, RAMAN and NMR (H and C) to prove the 

esterification reaction between the hydroxyl groups from the silk sericin backbone and the carboxyl groups 

of the alkyl halogen. The investigation results revealed the silk sericin modification. The final synthesis 

product, Ser-PDMAEMA, was also investigated by FTIR, RAMAN and NMR (H and C) in order to reveal 

the proper 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 various solvents. The solubility 

was mainly studied to choose the proper solvent for the further self-assembly process to generate 

nanocarriers. The two synthesis reactions are presented in Figure1. 
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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) 

 

 

 

4. Conclusions 

In conclusion, we showed here the functionalization of silk sericin protein with PDMAEMA by ATRP. The 

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 solubilized in proper solvents as an important step for further 

development of the nanocarriers.  
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1. Introduction  

3D bioprinted scaffolds has been proposed as an alternative approach of the tissue engineering in order to 

restore the damaged tissues.1 Basis of the bioprinting process are bioinks that contain polymeric 

biomaterials, especially hydrogels, obtained from natural or synthetic polymers.2 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, 

being subjected to physical and chemical crosslinking.3 This 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 characterized and compared 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 Camci-Unal and collaborators,4 adding some 

changes to the method. Briefly, 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, 6 and 8 hours, at 50̄C.The resulting 

mixtures were then dialyzed against distilled water for one week to remove unreacted reagents and then 

freeze-dried. For bioinks preparation, GelMa products (20% wt/wt) were dissolved in PBS (pH 7.2, 0.01M), 

poly(ethylene glycol diacrylate) (PEGDA, as a crosslinker) and lithium phenyl-2,4,6-

trimethylbenzoylphosphinate (LAP, as a photoinitiating agent) were added and the mixtures, homogenized, 

bioprinted (Celllink Inkredible bioprinter) and after that freeze-dried for characterization. The bioink 

rheological behavior was evaluated with an MCR 302 Anton Paar rheometer equipped with parallel-plate 

geometry and Peltier temperature controller. The upper plate radius was of 30 mm and the selected gap was 

of 500 ɛm. The shear flow behavior of the samples was followed at different constant temperatures of 

interest (25̄C, 37̄ C, and 60̄C). The obtained scaffolds were characterized for their structure, morphology 

(SEM microscopy), and swelling behavior in simulated physiological conditions and in vitro degradability. 

In vitro evaluation of citocompatibility (normal 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 data indicate that 

the primary amino (-NH2) 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 stationary 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 decrease in viscosity). The 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 microscopy indicated that 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 GelMa-PEGDA scaffolds 

 

Swelling behavior and in vitro degradation of the scaffolds. Degree of swelling of materials in contact 

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

The addition of the PEGDA polymer has the effect to diminish the capacity of swelling and the effect was 

more pronounced for highly modified biopolymer. In vitro degradation kinetics in the presence of 

collagenase for all modified types of GelMa porous 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 matrices causes 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 applications must be tested by means of biocompatibility. One of the standard assays is 

MTT study for in 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 materials (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 May-Grünwald-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 new bioinks based 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 network structure. Moreover, it has been found that the 

scaffolds based on GelMa and GelMa-PEGDA 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 

challenges of todaysô medical world. The major drawback is the fabrication of a biocompatible system, 

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 manner. Several systems have been suggested as delivery hosts, 

including liposomes, block copolymers, dendrimers.1 

Recently efforts have been devoted to the design of microcapsules that break on demand in response to 

external stimuli, thus releasing the content entrapped inside the shell. One such type of capsule is composed 

of polyelectrolytes, a class of polymers that carry charged functional groups.2  

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.3  

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 (Fe3O4, 15nm) was embedded between the polyelectrolyte layers as the 4th, 6th, 8th or 10th 

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 matrix designed to mimic the body was used. The gel loaded with dispersed capsules was placed 

in a degassed water bath (13-14ęC) on a holder. Ultrasonic irradiation was performed using a Therapy and 

Imaging Probe System (HAIFU, China). The frequency of focused ultrasound was 1 MHz.4 

The samples were exposed to continuous high intensity focused ultrasound (HIFU) for a predetermined 

time to mimic possible óreal life ótreatment durations. Single point exposures were performed; the power 

and time of exposure were varied. 

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 iron oxide (Fe3O4) 

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 nanoparticles (Figure 1). 

After the ultrasonic HIFU irradiation the surviving 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 

 

Figure 2. % Ruptured capsules after HIFU treatment 

 

 

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 original sample (Figure 2). 

4. Conclusions 

Polyelectrolyte capsules having iron oxide as one layer qualify as future ñsmartò carriers as they bear two 

very important features: controlled transportation and remote triggered release. Taking into consideration 

the specific 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 nanoparticles closer 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 which Staphylococcus aureus, Escherichia coli and Candida spp. are the widest 

spread, causing problems from tissue morbidity, sepsis or implant replacement.1  

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. On the other side, chitosanôs oligomers, present even a higher 

potential for the obtaining of antimicrobial materials, due to their superior biological properties, compared 

to chitosan.2 

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 and tailored properties, 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 systems contain 2-formylphenylboronic acid (2-FPBA), 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.3  

2. Results and discussion  

Eighteen hydrogels were synthesized by the acid condensation reaction of chitosan oligomers with different 

polymerization degrees and 2-FPBA, by varying the molar ratio of their functionalities. 

The hydrogels and the corresponding xerogels 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 CHOS20-1 (a) sampleôs emission under UV-lamp illumination (b) and WXRD 

diffractograms of some representative samples 

 
 

 
(a) (b) 
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The supramolecular architecture of the hydrogels was investigated by polarized optical microscopy and 

Wide-Angle X-ray diffraction. All the samples presented birefringence under polarized light (Figure 1a) 

indicating a highly ordered structure. These data were also confirmed by WXRD, the xerogelsô 

diffractograms presenting three diffraction peaks which indicated a three-dimensional 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 hydrophilic sample. The enzymatic degradability was evaluated in 

the presence of lysozyme, both the gravimetric measurements and the SEM images post-enzyme 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 antibacterial properties against S. aureus and outstanding 

antifungal properties. These data, along with the in vivo biocompatibility of the hydrogels, demonstrated 

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

for bioapplications.  
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1. Introduction  

Aggregation induced emission luminogens represent a special class of molecules for high fidelity imaging.1 
In order to enhance photoluminescence, an original idea is coupling 1,3,4-thiadiazole with a siloxane/silane 

moiety able to induce self-assembly capacity, biocompatibility and hyperconjugation between the moieties. 

This work is a continuation of our previous studies,2  wherein several experimental observations arise some 

questions. 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 aggregates and 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, 5-amino-1,3,4-thidiazole-2-thiol has been reacted with (3-chloropropyl)trimethylsilane (H2L1), 

(chloromethyl)trimethylsilane (H2L2), bis(chloromethyl)dimethylsilane (H4L3) and 1,3-

bis(chloromethyl)tetramethyldisiloxane (H4L4) by an analogous Williamson reaction of thiols, obtaining 

four 4 new amines (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 H2L1 and H4L4 with critical micelle concentration (CMC) ranging around 10-2-10-1 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 

 

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, perfectly resembling 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 of micelles 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 was around 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, about -17 mV. 

Figure 2. Excitation emission matrix and Gibbs adsorption isotherm for H2L
1 micelles 

  

In order to enhance fluorescence, the four amines were further reacted with chloroauric acid. In our 

attempts, so far, only the gold complexes of H2L1 and H2L2 have been fully synthetized, the others being in 

progress. The products were characterized by FTIR, NMR and MALDI-MS.They show good 

photoluminescence activity, starting from concentrations around 10-4 M (Figure 3). The most excitingfact 

is that the gold complexes showed near infrared (NIR) excitation band, so promisingfor further studies, 

since phototaxis by NIR might be employed. The latter shouldrespond at photo-stimulus, throughproperties 

such as mechanical, thermal and emission, all at the same time.3  

Figure 3. Proposed structure and emission intensity variation with concentration of H2L
2 gold complex 

 

 

 
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, good electrokinetically 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 boosting their scientific and applied value. 
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1. Introduction  

Thermal management has potential applications in multiple areas such as buildings, electronics, and 

clothing. The animal kingdom provides inspiration for materials with application in thermal management 

ï the mirror spider (Thwaitesia argentiopunctata) can dynamically shift its skin color and light reflectance 

due to guanine patches found on the abdomen which are switched by the muscle 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 and transmittance of light in the infrared wavelength range. Such a polymer-based 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 (10ï100 micron thick), followed by another nanometer thick metal oxide layer with 

pulsed laser deposition, doctor blading of a layer of high emissivity polymer (10ï100 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 sides - one side active for cooling 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 

 

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, thermal management employs either ñpassiveò or ñactiveò systems. While active clothing has 

on-demand control of temperature, it is also complex and requires continuous energy input. An ideal 

thermal management platform should 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 amount of heat reflected in 

the form of infrared radiation ï 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 skin color for preparation of 

polymer nanocomposites which can be actuated electrically or mechanically to modify their reflectance and 

transmittance for infrared radiation in the electromagnetic spectrum. Thus, we developed a scalable 

platform for which no analogue exists and that enables adaptive control of thermal 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 comfort 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 

 

For developing a thermal model for these materials, there 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 data on the 

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 of the 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 thermal comfort. 

Figure 3. Measurements for cooling and heating for the two sides  

of the nanocomposite thermal comfort material 

 

The measurements with the cooling setup show the maximum temperature at which the total cooling 

capability of the composite material balances 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 arm covered with unactuated 

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 maximum temperature 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 here can 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 thermal properties. Such 
nanocomposites can be manufactured from affordable scalable polymers, with potential for significant 
energy savings when applied on a global scale. 

Acknowledgements  

This work was supported by a grant of the Ministry of Research, Innovation and Digitization, 

CNCS/CCCDI ï UEFISCDI, project numberPN-III -P2-2.1-PED-2019-1885, within PNCDI III and by the 

project InoMatPol (ID P_36_570, Contract 142/10.10.2016, MySMIS: 107464).  



 

 

57 

 

THERMALLY REARRANGED MIXED MATRIX MEMBRANES FILLED WITH 

FUMED SILI CA FOR CO2 SEPARATION  

 

Klaudia NocoŒ-Szmajda,* Andrzej Jankowski, Aleksandra WoliŒska-Grabczyk 

Centre of Polymer and Carbon Materials Polish Academy of Sciences, Zabrze, Poland 

*knocon@cmpw-pan.edu.pl 

 

1. Introduction  

Tackling the problem of global warming involves, among others, the control of greenhouse gas emissions 

to the atmosphere. To reduce the amount of CO2 emission, new efficient and economical solutions are 

required. One of the developing directions is post-combustion carbon dioxide capture using selective 

polymer membranes. In comparison to conventional methods, membrane gas separation has many 

advantages, such 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 of membranes 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 performed. One of the current 

researches is thermal treating, where the formation of new functional groups and cross-linking is occurred, 

such as a thermal rearrangement of polyhydroxyimide to polybenzoxazoles (PBO). Another type of 

modification concerns dispersing inorganic fillers in a polymer matrix to obtain high-performance mixed-

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 on physical, thermal, mechanical, and gas transport properties of MMMs before and after their 

thermal rearrangement to PBOs has been investigated and discussed. 

2. Experimental  

In this work copolyimide from 4,4ô-(hexafluoroisopropylidene)diphthalic anhydride (6FDA), and a mixture 

of 3,3'-dihydroxybenzidine (HAB) and 2,3,5,6 tetramethyl-1, 4-phenylene diamine (4MPD) in 3:1 molar 

ratio was synthesized and investigated (Figure 1). The typical two-step polycondensation reaction of 6FDA 

dianhydride with 4MPD and HAB diamine mixture was carried out in N-methyl-2-pyrrolidone and o-

dichlorobenzene solution. 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, membranes were thermally rearranged to 

polybenzoxazoles to receive TR-MMM. 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 N2, O2, He, and CO2 through the membranes was measured using the constant volume gas 

permeation apparatus.  

Figure 1. The reaction of thermal rearrangement of copolyhydroxyimide to 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 [ ] TTR [ ] Tdeg [ ] 

MMM -0 379 474 563; 677 

MMM -15 378 466 568; 678 

MMM -30 361 472 577; 673 

MMM -45 354 409 561; 673 

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

the data are summarized in Table 1. As can be seen, the presence of SiO2 in a polymer matrix decreases the 

glass transition temperature and temperature of thermal rearrangement 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 increases 

permeability of MMM, whereas the higher amount tends to reduce membrane permeability and slightly 

improve selectivity. On the other hand, a distinct increase in CO2 permeability (by 115%) accompanied by 

only a small decrease in CO2/N2 selectivity (by 17%) can be observed for 45 wt.% filled membrane after 

conversion to PBO compared to its unfilled PBO counterpart. Moreover, as can be seen in Figure 2, all the 

received TR-MMMs are closer to the Robesonôs upper bound than the unfilled PBO membrane, which 

makes them attractive for gas separation technology. 

 

Figure 2. Robesonôs plot for the CO2/N2 gas pair 

 
 

4. Conclusions 

A series of the new TR-MMMs containing fumed silica particles were developed and investigated, to 

determine their structure, physical 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 wt.% of silica and all the thermally 

rearranged MMMs which demonstrated a permeability increase of up to 115% over the pure polymer. 

Moreover, adding SiO2 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 energy efficient way. In conclusion, the 

CO2 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 lead to non-uniform ñpatchyò nanoparticles. 

Controlling the spatial distribution of polymer ligands on the nanoparticle surface (i.e. ñpatchinessò) allows 

one to render nanoparticles with functions that are otherwise unattainable, and is thus of critical importance. 

Recently, a thermodynamically controlled approach for producing patchy nanoparticles has been proposed 

by the group of Kumacheva.1 

For surface-grafted polymer brushes, the reduction of solvent quality may lead to the formation surface-

pinned micelle (patches) in, driven by the minimization of the surface free energy of the system.1 This 

underlying mechanism posed the question about the colloidal stability of thus-produced patchy 

nanoparticles, the dynamic properties of the patches, and the secondary assembly of patchy 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 environment using plunge freezing and cryogenic transmission electron microscopy.2 Patch 

formation was externally controlled and induced by heating an aqueous solution of poly(N-

isopropylacrylamide)-grafted gold nanoparticles above the polymerôs lower critical solution temperature.2 

However, in such approach involving homopolymer brushes, attractive surface-polymer patches form, and 

surface pattern formation and secondary agglomeration processes thus occur concomitantly.  

Figure 1. Schematic illustration (top row) and 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 conditions for the outer block (middle), and poor solvency conditions for the 

inner block combined with cross-linking of the outer block (right) 
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A strategy was developed to separate the processes of surface patch formation and secondary self-assembly 

into larger clusters. The developed approach rests on surface-grafted diblock copolymers, in which a 

nanoparticle-adjacent block is exploited for surface-patch formation, whilst an outer nanoparticle-remote 

block provides colloidal stability to the patchy NPs.3 Furthermore, this outer block can be addressed 

separately from the first block (using orthogonal stimuli), thereby ñstagingò surface-patch formation and 

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 investigations revealed that 

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

nanoparticle surface.4  

3. Conclusions 

Targeted macromolecular design of polymeric surface coatings of nanoparticles opens up the possibility to 

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 controlled, on-demand 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, such as azomethines and polyazomethines. The imine bond shows isoelectronic character 

with the vinylene bond,1 and subsequently condensation of aromatic amines and aldehydes leads to the 

formation of ˊ-conjugated compounds, characterised by many valuable physicochemical properties,2 and 

also showing activity in optoelectronic devices, including photovoltaic cells.3 Due 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 solubility. However, these groups, usually containing long or branched alkyl groups, can have an 

adverse effect on the supramolecular organisation,4 hindering ́ -  ́interactions and consequently reducing 

the crystallinity and conductivity of the compounds.5 To counteract this, some of the large n-alkyl 

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 organisation of polymers, due 

to enhanced planarity of conjugated backbone, through removal of the steric hindrance.  

Figure 1. Chemical structures of investigated polyazomethines 

 

This effect has been followed in compounds with linear (PAz-BOO) and branched (PAz-Carb) alkyl groups, 

investigating thermal stability, UV- Vis absorption spectra 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 

compounds has been studied, while acting as a donor component of bulk-heterojunction solar cell. 

Thermal properties of all materials met the requirements for photovoltaic applications, showing values of 

initial weight loss in a similar range (331.3 - 350.0 °C), regardless 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 PAz-BOO-OOct compound by methoxy groups (PAz-BOO-OMe) have 

tuned the energy of LUMO level, only slightly affecting the HOMO energy (Figure 2). This change 

probably results from the improved planarity of the PAz-BOO-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 branched 2-ethylhexyl groups (PAz-Carb) has not shown 

such pronounced changes, probably due to the excessive planarity disorder, induced by the branched 

substituents. 

Figure 2. Energy levels of investigated polyazomethines 

 
An analogue effect of the studied polymers supramolecular organisation could be observed on the UV-Vis 

absorption spectra where a distinct bathochromic shift of the low-energy absorption band has been observed 

after a partial modification of the linear substituents length. For polymers containing branched 2-ethylhexyl 

groups (PAz-Carb), 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 (PAz-BOO) has caused an increase in thin film crystallinity, while no changes have 

been observed in polymers containing branched alkyl groups (PAz-Carb). All obtained compounds have 

been applied as a donor component in bulk heterojunction solar cells, where they have shown activity 

together with a fullerene acceptor, reaching efficiencies of 0.09 - 0.17%. 

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 for application in 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 width 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 N-2-ethylhexyl groups, the modification of the alkoxy groups length did not affect the 

supramolecular organisation to a greater extent. 
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1. Introduction  

A representative class of compounds in coordination chemistry is composed by imine-based 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 various domains of applications 

including: analytical chemistry, food and dye industry, catalysis, as well as diverse biological areas.1,2 

The appealing characteristics of imines like facile synthesis coupled with synthetic tailor capacity, 

biodegradability, pronounced 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, as well as spectrophotometric and 

fluorimetric agents, among others. As a consequence of these features Schiff base complexes have drawn 

an increasing attention in the area of ionic binding.3,4  

A versatile starting material for organic, inorganic and supramolecular chemistry 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. 1,10-Phenanthroline is a rigid planar, hydrophobic, electron-poor 

heteroaromatic system who is responsible for its coordination ability toward metal ions.5  

Taking the advantages of these structural features, 1,10-phenanthroline derivatives and their metal 

complexes have been used as intercalating or groove binding agents for DNA and RNA, as building units 

for the construction of efýcient luminescent materials and photo-switchable molecular devices.5-8  

Taking into account the aforementioned literature data it should be interesting to combine imine with a 

phenanthroline heterocycle 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 physico-chemical properties of new phenanthroline-based 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 phenanthroline-based aldehyde was obtained by the oxidation of active methyl group from 4-methyl-

1,10-phenanthroline with selenium dioxide in dioxane and water at reflux. The aldehyde was purified and 

used afterwards in the synthesis of three imine-based compounds by using the condensation reaction 

involving three aromatic diamines bearing various aromatic or heteroaromatic units.  

The structure of all compounds was confirmed by spectral methods including FTIR spectroscopy and1H-

NMR analysis. The imines were further characterized by solubility tests, UV-vis and fluorescence 

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 and thermogravimetric analysis. 

3. Results and Discussions 

Three aromatic imine-based compounds containing phenanthroline chromophoric unit were obtained and 

characterized. The FTIR spectra and 1H-NMR 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 non-polar solvent which enabled a diverse range of solvent utilization for spectroscopic 
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measurements. The best results were obtained when tetrahydrofuran (THF) was used which allowed the 

complexation studies with a large number of metallic salts. Figure 1 shows the UV-vis spectra of imine I1 

after the addition of Ca2+ ions. 

Figure 1. UV-vis absorption spectra of phenanthroline-based imine I1 upon complexation with Ca2+ ions 
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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 after complexation in some cases that may be exploited 

for their further use as luminescent materials.  

4. Conclusions 

New phenanthroline-based imines were obtained with the aim to contribute to the domain of coordination 

chemistry in the frame of molecular chemosensors 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 UV-vis, PL and cyclic voltammetry measurements, thus being 

demonstrated the potential use of these imines in sensing and other opto-electronic applications. 
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1. Introduction  

Metabolomics has become an important 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 system or a naturally 

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 III HD 600 MHz NMR instruments have been 

used. All three instruments have been equipped with 5 mm z-gradient inverse detection (BBI) probes. 

TopSpin software has been used for controlling the spectrometers and data processing. Spectra have been 

recorded with noesypresat pulse sequence which allows fast acquisition of 1H NMR 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 discussion  

We have been involved in one of the first interlaboratory quantitation trials of metabolites in blood plasma.1 

Since then, we continued to be involved in metabolomics studies,2-6 using NMR equipment which evolved 

from the generation 1990 (Varian Gemini 300), through generations 1995 (Bruker DRX 400), 2000 (Bruker 

Avance III 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 and the level of 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 pipetting-weighing 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 pipetting- weighing 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 

 

 

4. Conclusions 

The estimated reproducibility error in NMR quantitation for metabolomics purposes with our current 

instrumental setup using both NMR operators and non-NMR personnel (researchers involved in chemical 

synthesis and students), is about 4%. This value is matching the acceptable 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 pyrrolo[1,2-c] 

benzimidazole and pyrrolo[1,2-c]quinoxaline derivatives.1,2 According to literature data, some 

benzimidazolium salts proved also anticancer activity in vitro against HeLa cell lines, acting as bifunctional 

DNA intercalators.3 These biological and pharmacological properties, make them attractive for host-guest 

studies, as they are known to have quite low water solubility. 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 widely used with 

various aims including changing the solubility, drug/compound delivery carriers, structural or theoretical 

studies. NMR spectroscopy is one of the most important analytical methods used to follow cyclodextrinsô 

interactions. From different 1D and 2D NMR techniques, detailed information about the structure of 

cyclodextrins and their inclusion complexes can be obtained. The present paper discusses the NMR 

characterization of inclusion complexes of ɓ-cyclodextrin and some chemically modified cyclodextrins 

with 1-ethyl-(2-phenyl-2-oxoethyl)-5,6-dimethylbenz imidazolium bromide. 

2. Experimental  

The NMR spectra have been recorded on a Bruker Avance III 400 instrument, equipped with a 5 mm 

multinuclear inverse detection z-gradient probe. For the benzimidazolium bromide-cyclodextrins mixtures, 

the chemical shifts are reported in ŭ units (ppm), and were electronically referenced to the residual peak of 

the solvent (ref.: H2O 4.8 ppm). The H, H-ROESY experiments were recorded using standard pulse 

sequence, with water 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 continuous variation method (Jobôs method). 

The total concentration was kept constant (10-2 M) and the molar fractions (X) of the components were 

varied between 0 and 1. From the graphical representations of Xsalt*ȹŭ=f(XCD) we obtained plots that show 

inflexion points at 0.5 indicating a 1:1 stoichiometry. An example of Jobôs plot is shown in Figure 1 for 

benzimidazolium salt and beta-cyclodextrin. 

Determination of stoichiometry by UV-VIS Spectroscopy 

The stoichiometry of the complex was determined using the Jobôs method. The total concentration was kept 

constant (5x10-5M) and the molar fractions of the components were varied between 0 and 1. The plots 

obtained from the graphical representations of Xsalt*ȹA=f(XCD) show inflexion points at 0.5 indicating a 

1:1 stoichiometry. 
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Figure 1. Jobôs plot for benzimidazolium salt and beta-cyclodextrin mixtures  

indicating the 1:1 stoichiometry 

 

Determination of association constants 

For each set of samples, the concentration of benzimidazolium salt was kept constant (10-3 M) and the 

concentration of cyclodextrins was increased up to 20 fold excess. The Benesi-Hildebrand data treatment 

(example in Figure 2) was used to determine the association constants by using the chemical shifts of the 

peaks with the largest chemical shift variation upon titration. 

Figure 2.Chemical shifts variations of benzimidazolium salt H-2ô proton 

as a function of BCD concentration 

 

For recording the ROESY experiments, 1:1 (molar ratios) mixtures in D2O of the benzimidazolium salt and 

BCD, Me-BCD and 2HP-BCD were prepared. Correlation peaks were observed between the inner cavity 

protons of the cyclodextrinôs molecule (H-3 and H-5) and ones from the benzimidazolium residue and its 

phenyl substituent, meaning that the salt molecule resides inside 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 which can be used as local therapy 

alternative, to load and release various drugs. Among them, chitosan-based hydrogels are a promising 

alternative, due to their versatile properties: they are non-toxic, biodegradable and biocompatible, have 

capacity to absorb various fluids and to swell.1 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 various agents is possible to adjust the 

morphology and viscoelastic properties.2 The research activity of our group proved the possibility to obtain 

hydrogels based on chitosan and different natural monoaldehydes with good properties for bioapplications: 

biocompatibility, mechanical strength, biodegradability, thixotropy, high drug-loading capacity and its 

controlled release.3-5 By using salicylaldehyde was possible to obtain hydrogels with excellent thixotropic 

and self-healing properties which recommend them to act as matrix for drug delivery systems.6 To 

demonstrate the achievability of this newly developed chitosan-based hydrogel to act as a matrix, the 

present paper reports the preparation and characterization of new drug delivery systems by in situ 

hydrogelation of chitosan and salicylaldehyde in the presence of diclofenac sodium salt (DCF) as a model 

drug. 

2. Experimental  

Materials: low molecular weight chitosan (193 kDa, DA=82%), salicylaldehyde (SA) (98%), ethanol, 

glacial acetic acid, phosphate buffer (PBS) (pH=7.4), diclofenac sodium salt (DCF), lysozyme (40 000 

units/mg protein) were purchased from Aldrich and used as received. 

Synthesis: a series of four formulations with different crosslinking degrees were prepared by in situ 

hydrogelation of chitosan with salicylaldehyde in the presence of DCF by varying the molar ratio between 

the glucosamine units of chitosan and salicylaldehyde. 

Equipment and methods: the formulations have been characterized from the structural and supramolecular 

points of view by Fourier transformed infrared spectroscopy (FT-IR Bruker Vertex 70 Spectrofotometer), 

Wide angle X-ray diffraction (Bruker D8 Avance diffractometer), Polarized light microscopy (Olympus 

BH-2) and Scanning Electron Microscope (Scanning Electron Microscope SEM EDAX ï Quanta 200). 

Swelling studies, in vitro enzymatic biodegradation and release profile of DCF were investigated in similar 

conditions mimicking the in vivo environment (PBS, pH=7.4 at 37°C). The in vitro release kinetics of DCF 

was evaluated using UV-visible 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 the in vitro release data on five mathematical models. The biocompatibility of these formulations 

was assessed in vivo, on experimental rats. 

3. Results and discussion  

A series of four formulations with different crosslinking density have been prepared by varying the molar 

ratio between glucosamine units of chitosan and aldehyde group of salicylaldehyde (Figure 1). To prove 

that the hydrogelation in the presence of DCF take place due to the self-ordering of the newly formed imine 

units into clusters which play the role of crosslinking nodes, the formulations were characterized from 

structural and supramolecular points of view by FTIR, X-ray, SEM and POM techniques, and data were 

compared to those obtained for the reference hydrogels. The FTIR spectroscopy demonstrated the formation 

of the imine linkage between chitosan and salicylaldehyde around 1630 cmī1 and confirmed the presence 

of DCF in the resulted systems. Wide angle X-ray diffraction and optical polarized microscopy revealed 

the formation of organized supramolecular 3D systems, while SEM showed highly porous morphologies. 
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Both X-ray and SEM techniques proved that the DCF was anchored by physical interactions into the pores 

walls at submicrometric level. 

Figure 1. Schematic representation of the synthesis of the DCF delivery systems 

 

The in vitro release kinetics of DCF in phosphate buffer solution (pH=7.4) was evaluated using UV-visible 

spectroscopy, revelling that 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 stages, reaching a mass loss of 48% after 21 

days.  

The formulations showed in vivo biocompatibility on experimental rats, no influence on the hematologic 

profile, liver, kidney or immune defence capacity being detected after 7 days of subcutaneous implantation. 

4. Conclusions 

New drug delivery systems were prepared by in situ hydrogelation of chitosan with salicylaldehyde in the 

presence of DCF as model drug. The formulations presented attractive properties, such as: biodegradability, 

biocompatibility, swelling ability 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 of 

the entire plant caused mainly by species Phaeomoniella chlamydospora (P. chlamydospora) and 

Phaeoacremonium aleophilum (P. aleophilum). In practice, there are no known curative approaches for 

fighting with esca directly, which is a huge problem for preserving the vineyards1. 

The progress in the field of nanotechnology during 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 and increasing possibilities 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 the preparation of fibers having micro- and nanoscale diameters and a large 

specific surface area which is a prerequisite for the attainment of high effectiveness in a number of 

applications2, e.g., medicine and agriculture3. In this respect, among the polymers from 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 variety of 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 materials from biodegradable polymer and 

8-hydroxyquinoline derivative with antifungal activity. The effect of the incorporated biologically active 

compound on the morphology, wetting and physic-chemical properties was studied. Microbiological test 

against P. chlamydospora and P. aleophilum were 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 micro- and nanostructured fibrous 

materials with fungicidal activity against P. chlamydospora and P. aleophilum. Moreover, the advantage 

of the so-called "active dressing" made of electrospun polymer membrane will be not only its fungicidal 

activity against some of the esca `s causes, but also will allow the plant wound to ñbreathò. In the present 

study, the versatility of electrospinning was exploited in order to create innovative polymer materials with 

fungicidal activity against two strains ascomycete fungi - associated with esca - the most devastating disease 

of grapevines. 

In the present study we have used SEM analysis to observe the morphology of the obtained materials. SEM 

micrographs of the obtained CA and CA/5-Cl8Q fibrous materials are shown in Figure 1. Electrospinning 

of CA solution under the selected conditions reproducibly resulted in obtaining continuous defect-free 

fibers with mean fiber diameter of 780 ± 100 nm. The addition of 5-Cl8Q to the spinning solutions resulted 

in slight decrease of the fiber diameters.  
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Figure 1. SEM micrographs of fibrous materials: A. CA and B. ʉɸ/5-Cl8Q 

  
A. B. 

Contact angle analysis was used to give an indication of the surface wettability depending on the 

composition of the prepared membranes. It was found that CA and CA/5-Cl8Q membranes were 

hydrophobic with water contact angle of ca. 120°. 

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

against pathogenic fungi causing diseases in humans and in animals. The determined by us low MIC values 

of 5-Cl8Q against P. chlamydospora and P. aleophilum4 give reason to expect that incorporation of 5-Cl8Q 

in fibrous materials will result in obtaining efficient antifungal membranes. Because of the growth 

characteristics of P. chlamydospora and P. aleophilum fungi their development was followed 96 h. The 

membranes containing 5-Cl8Q completely inhibited the fungi growth within 96 h. This is due to the fact 

that the 5-Cl8Q content in the fibrous materials was much higher than the determined MIC of 5-Cl8Q, and, 

in addition, the release profile of 5-Cl8Q 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 containing 5-chloro-8-

hydroxyquinolinol were obtained by electrospinning. The incorporation of 5-Cl8Q into the fibers imparted 

a considerable antifungal effect against P. chlamydospora and P. aleophilum fungi. 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, anti-tumor 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 and manipulation in 2D systems are now insufficient to solve new tasks of cell biology, 

biochemistry, and pharmacology. About 67 % of anti-tumor drugs are excluded from clinical tests at later 

stages due to their low efficiency and safety, which were not manifested 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 organism.1 It was shown that HCT 116 cells (human 

colon cancer cells) in the composition of tumor spheroids were 1.5ï3.5-fold less sensitive to some anti-

tumor drugs than the same cells cultivated in 2D systems.2 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.3  

Achievements in the fields of materials chemistry, materials fabrication and processing, and biology 

resulted in creation of 3D matrices, which reflect more adequately the geometry, chemistry, and signal 

medium of the natural outer-cell matrix for cell cultivation.4 Such matrices enable one to analyze spatial 

interaction between cells and between them and the outer-cell 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 main problems 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, except high-toxicity 

dialdehydes.5 Broadly applied at present in the synthesis of porous materials lyophilization of chitosan 

solutions with subsequent neutralization or treatment by water-alcohol or water-acetone mixtures with 

stepwise increase of the fraction of the aqueous phase has numerous disadvantages: 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 biodegradable materials with pore sizes of 

no less than tens of microns for three-dimensional cultivation of mammal cells to create 3D models of 

tumor tissues for testing in vitro effectiveness of anticancer drugs and investigation of cell-cell interactions.   

2. Experimental  

Low molecular weight N,O-(carboxymethyl)chitosan (CMC) with deacetylation degree of 0.75 and degrees 

of N- and O-carboxymethylsubstitution of 0.29 and 1.20, respectively, was purchased from Biolog Heppe 

GmbH (Germany). Cross-linking agents 1,4- butanediol diglycidyl ether (DGE-1,4-BD) and ethylene 

glycol diglycidyl ether (DGE-EG) were purchased from SigmaïAldrich 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 at -10°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 morphological and functional state of cells was analyzed 

using a complex of immunocytochemical and fluorescent dyes: TRITC-labeled phalloidin, TO-PRO-3, 

DAPI. Analysis of stained single cells was carried out by flow cytometry (Beckman-Coulter, USA). The 

analysis of 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 earlier for chitosan,6 which can be explained by the substitution of most reactive primary amino 

groups and C-6 hydroxyl groups in CMC. Despite the low degrees of functionalization with the crosslinking 

agent (from 3.8 to 13% according to the elemental analysis data), mechanically 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 

modification by the cross-linking agent, the mechanical properties of CMC cryogels obtained with DGE-

1,4-BD differed insignificantly - Young's modulus, determined from the compression curves of a 

cylindrical cryogel sample, varied in the range of 6.5-13.3 kPa, while for the chitosan cryogels obtained 

with the same type of cross-linking reagents, Young's modulus reached 90 kPa6. The morphological features 

of the CMC cryogels depending on the crosslinking reagent and the molar ratio were studied by laser 

scanning confocal microscopy, the minimum pore size was determined as 118 ± 32 ɛm, the maximum - 

213 Ñ 67 ɛm. 

Several set-ups of three-dimensional cultivation of tumor human cells in monolithic CMC cryogels have 

been tested. The higher efficiency of the flow-through system 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 cross-linked cryogels showed the lowest efficiency for 3D cell culture. Cultivation of HCT116 

cells  in CMC cryogel cross-linked with DGE-1,4-BD in a flow-through system at a medium flow rate of 

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

ɛm or more (the average cell size of this culture is 8 ï16 ɛm) ï Figure 1. 

Figure 1. 3D structures of HCT116 tumor cells in monolith CMC cryogel cross-linked with DGE-1,4-BD 

at cross-linker : CMC molar ratio 1:1, 7 days of  cell culturing  at flow rate 7 bed volume/day (scale bar - 

200 ɛm, blue color - cell nuclei, red - actin cytoskeleton of cells) 
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1. Introduction  

For the majority of technical applications, the knowledge of the thermal stability 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 temperatures Tx% 

(where x is the mass loss) and the maximum rate of weight loss are determined from the thermogravimetric 

profile.1 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 the conventional 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 ɓ ï cyclodextrin ï based polyurethane hydrogels containing two or three building blocks: ɓ ï 

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 controlled thermal analysis 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 Resolution TGA analysis was performed using 20oC/min and 50oC/min heating rates 

and resolution from 3 to 6, sensitivity 1, from ambient to 700oC. For comparison, a series of constant heating 

rate experiments were carried out using 5oC/min, 20oC/min and 50oC/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 TGA. However, these conditions cause problems, either of sensitivity, or of a very 

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 time trade-off is the sample-

controlled thermal analysis developed by TA Instruments (HiResTM), which uses the feed-back from the 

sample in order to control its heating profile.2-4 High heating rates are used during no weight loss regions, 

while small heating rates are applied during weight changes. 

A series of experiments were run to find the optimum conditions to perform the dynamic rate High 

Resolution TGA experiments.  

The thermal curves show a ɓ ï cyclodextrin based polyurethane hydrogel with or without oligolactide 

sequence run by both techniques.  
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Figure 1.TGA versus High Resolution TGA for a cyclodextrin based polyurethane hydrogel without 

(Figure 1 a, b) or with lactide segment (Figure 1 c, d) 

 

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 a Hi-Res TGA performed on the 

cyclodextrin lactide network has emphasized the degradation of lactide segments and an increased the 

separation of the quite broad weight loss region between 300oC and 440 oC. 

4. Conclusions 

The Hi-Res technique has some advantages compared to the conventional constant heating rate. It improves 

the resolution of successive/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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