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Bio-organic electronics is emerging rapidly in the 
scientific world. Organic semiconductors have already 
been established in organic light emitting diodes (OLED) 
and organic photovoltaics (OPV) as well as organic field 
effect transistors (OFET). 

 

 
Figure 1: Illustration of interface between life-biosciences 
and electronic world. 

Generally, bioelectronics has been a dream of 
cybernetics for quite some time. The pioneering work of 
Peter Fromherz (Max Planck Institute for Biochemistry) 
interfacing the neurons with silicon circuits go back several 
decades. Since then, however, the bioelectronics has been 
limited to silicon based electronic circuits for quite some 
time.  

Recently, bio-compatible, bio-inspired and/or bio-
origin organic semiconductors have opened up a new 
avenue to realize this dream of interfacing 
biology/medicine with electronic circuits. Organic 
semiconductors, especially bio-organic, bio-compatible 
semiconductors display a list of properties which are 

important for the interfacing of biological systems with 
electronic world: Their biocompatibility, non-toxicity, 
processability and operational stability in aqueous media 
are often much better than the silicon-based circuits. 

To make an interface with any biosystems, the 
transformation of the electrical information into ionic and 
protonic information is necessary. Biosystems are often 
based on ionic transport and signal transduction based on 
electrochemical principles as opposed to electronic world 
which use normally the electronic conduction based on 
solid state physics. In such a transformation of the signal 
from electronic world to the biological world, we need 
materials and systems as „transducers“, which can sustain 
electronic as well as ionic conduction and their translation 
into each other. Organic semiconductors can offer this 
possibility. Therefore, we suggest that the future of 
cybernetics might be using more and more organic/bio-
organic semiconductors. 

On the other hand, the green Electronics itself is also 
important to sustain a sound and healthy environment. 
We have already a problem with our electronic waste in 
the world today. Humanity is not able to create a 
sustainable cycle for production, use and end-of-life of our 
electronic gadgets and instruments. Often such highly 
valuable products are landing in ordinary garbage dumps, 
polluting the environment, wasting valuable and precious 
materials as well.  

Akio Morita, the chairman of SONY Incorporation has 
once stated: "We are moving from consumer electronics 
to consumable electronics". 

Thus, the use of organic and bio-degradable, bio-
compatible materials is quite advantageous for these 
many different applications.
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Microorganisms are key to a functioning circular 
economy, where natural resources, including biological 
waste, is converted by microbial cells into added value 
products (e.g. biogas, bioethanol, biodegradable 
polymers, compost) utilized by society. Microbial polymers 
have an enormous potential as they can be produced from 
renewable biogenic resources (waste) under well 
controlled conditions. This approach can help address 
growing concerns about the depletion of natural resources 
caused by an increasing human population, waste 
production, and accumulation. 

Over the past few decades many biopolymers 
originating from various types of microorganisms have 

been reported. This presentation will discuss an integrated 
biotechnological/chemical process, which allows the 
transformation of agricultural and other biorefinery by-
products into value-added biodegradable polymeric 
materials which may be used in the areas of agriculture, 
cosmetics, medicine, as well as in household products, 
coating systems and as additives to compostable plastic 
packages of extended shelf life. 

 
This presentation will also describe the biosynthesis 

and production of biodegradable microbial polymers and 
their most important industrial applications and ecological 
advantages. 
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This presentation will discuss current understanding of 
the molecular design features responsible for optimising 
charge transport in organic semiconducting polymers.  
Organic semiconducting polymers have been shown to be 
promising candidates to enable high charge carrier 
mobility in organic thin film transistors, which can find use 
in flexible displays and other electronic applications.  We 
will take a close look at the molecular features responsible 
for the high charge carrier mobility of the 
indacenodithiophene-co-benzothiadiazole copolymer1-5 
a benchmark semiconducting polymer employed in 

organic transistors. This will involve highlighting the 
influence of conformational coplanarity and side-chain 
assisted self-assembly to create efficient one-dimensional 
transport along conjugated polymer backbones, with 
sterically free “crossing points” allowing interchain 
hopping. Understanding the impact of both the organic 
semiconducting polymer design and processing 
conditions, on both molecular conformation and thin film 
microstructure has been demonstrated to be essential in 
achieving the optimal transport properties. 
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Concrete is the most widely used construction material 
in the world, and it is composed of cement, water, sand, 
and aggregates. Cement production is one of the major 
sources of global CO2 emissions, accounting for about 8% 
of the total anthropogenic emissions. Most of the CO2 
emissions come from the calcination of limestone, which 
is a hard-to-abate process that can only be decarbonized 
by applying Carbon Capture and Storage (CCS) 
technologies. The overall volume of CCS applied can be 
lowered by reducing the content of clinker in cement and 
of cement in concrete via the use of supplementary 
cementitious materials with lower environmental impacts. 

Concrete has a long service life and can be fully 
recycled at the end of its life cycle. However, the circular 
potential of concrete is largely untapped, as most of the 
demolished concrete is used for low-grade applications 
such as road-base or backfill, while only a small fraction is 
reused as aggregate for new concrete. For concrete, most 
aggregates are extracted virgin materials, such as sand and 
gravel, which are becoming scarce and expensive 
resources. 

CO2 mineralization has the potential to address both 
aforementioned issues at once – improve concrete 
circularity and lower the overall CO2 emissions associated 
with its production. It can be efficiently applied at three 
stages of the concrete value chain [1]: 

• to valorize byproducts and waste materials 
from other industries via a carbonation-
induced activation converting these into 
reactive supplementary cementitious 
materials (SCMs), 

• to harden fresh concrete product via early-
age carbonation of cements and alternative 
binders which includes non-hydraulic 
binders, 

• to carbonate recycled concrete aggregates 
or fines to bind carbon and enhance 
properties of these materials. 

The last option is especially attractive as it is 
independent of material flows from other industries, and 
it also facilitates circular reuse of sand and aggregates. 
ReConcrete is a dedicated technology combining a novel 

concrete recycling process with the CO2 mineralization 
applied as a CCS technology for cement production or 
other CO2-emitting industrial processes. The technology is 
illustrated in Figure 1.  

 
Figure 1: ReConcrete technology for complete recycling of 
concrete including old cement and process CO2 emissions 

First, the selective separation of demolished concrete 
into clean aggregates and sand plus fine fraction 
concentrating the hydrated cement (Recycled Concrete 
Paste, RCP) takes place. The recycled aggregates and sand 
can fully substitute virgin materials in fresh concrete 
production as the adhered cement paste has been 
removed. The RCP, due to its fineness and composition, 
can selectively and rapidly bind CO2 from a raw flue gas and 
hence offers an alternative low energy and low-cost CCS 
technology [2]. The carbonated RCP becomes a highly 
reactive pozzolanic material suitable for clinker 
replacement in composite cements [3].  

With the ReConcrete technology, old concrete can be 
fully recycled into new concrete and cement, including the 
process emissions from limestone decomposition during 
clinker production. It is hence a vital contribution to 
address both the decarbonization and circularity ambitions 
of concrete industry. 

The talk will introduce all three aforementioned CO2-
mineralization pathways in detail, ranging from basic 
research to first experience at commercially relevant scale.  
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An approach to destroy the stable structures of 
surfactant aggregates in aqueous phase is to form mixed 
cationic/anionic surfactant mixtures, or ion pair 
amphiphiles.  In this study, a high value application of ion 
pair amphiphiles as raw materials for drug delivery carriers 
was demonstrated.  Ion pair amphiphiles with various 
double-chained and triple-chained structures were 
prepared from mixed surfactant systems, and catanionic 
vesicles were then fabricated from the ion pair 
amphiphiles by applying a forced formation process.  For 
ion pair amphiphiles with double-chained structures, 
charge character and physical stability of the catanionic 
vesicles could be controlled by adopting additives of 
charged double-chained surfactants and cholesterol.  The 
roles of added cholesterol in the enhanced physical 
stability of the catanionic vesicles were probably 
attributed to its ability to modulate bilayer fluidity of the 
catanionic vesicles.  For triple-chained ion pair 
amphiphiles, stable catanionic vesicles were successfully 
fabricated without the addition of charged surfactants or 
cholesterol (Figure 1), and charged character of the 
catanionic vesicles could be controlled by the preferential 
dissociation of the cationic or anionic moiety of the ion pair 
amphiphiles.  Bilayer fluidity of the catanionic vesicles 
could also be modulated by the addition of cholesterol, 
and thus the phase transition temperatures of the 
vesicular structures were possible to be adjusted for 
specific applications.  For catanionic vesicles fabricated 
from double-chained and triple-chained ion pair 
amphiphiles, encapsulation behavior for hydrophilic and 
hydrophobic materials were examined, and the results 
suggested that ion pair amphiphiles could be used as raw 
materials for fabricating catanionic vesicles with potential 
of being applied as drug delivery carriers. 

 
Figure 1: Stable catanionic vesicles could be fabricated 
from a triple-chained ion pair amphiphile without 
additives. 

 
Figure 2: Bilayer fluidity of the catanionic vesicles 
fabricated from a triple-chained ion pair amphiphile could 
be modulated by the addition of cholesterol. 
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Restructuring conventional biorefineries and 
bioprocesses using crude renewable resources for 
the production of bio-based chemicals and polymers 
is essential in order to boost the transition to the 
circular economy era. This study presents the 
restructuring of conventional biorefineries and 
bioprocesses through the implementation of non-
thermal plasma for pretreatment of lignocellulosic 
biomass, electrochemical membrane extraction of 
carboxylic acids during fermentation and chemical 
recycling of post-consumer bioplastics as novel and 
sustainable processes. The replacement of steam 
and chemicals by renewable electricity could reduce 
the environmental impact of conventional 
bioprocesses and biorefineries. Furthermore, the 
utilisation of renewable electricity could lead to 
higher polysaccharide to sugar as well as sugar to 
metabolic products conversion yields. The chemical 
recycling of post-consumer bioplastics could 
generate carbon sources for fermentation processes 

leading to circular reproduction of biopolymers 
minimizing virgin feedstock requirements and 
improving resource efficiency. The methodological 
approach will focus on replacing specific unit 
operations in conventional bioprocesses and 
biorefineries or using degradation products from 
post-consumer bioplastics as carbon sources in 
fermentation processes for the circular production 
of biopolymers. Specific case studies will be 
presented to demonstrate the sustainability 
potential of the proposed concepts. For instance, 
PHB production using non-thermal plasma 
pretreated food industry side streams (e.g. brewers’ 
spent grains), recirculation of post-consumer PHB-
based packaging for the production of new PHB via 
fermentation and simultaneous production and 
extraction of succinic acid using a novel 
electrochemical membrane bioreactor will be 
presented as case studies. 
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Polyhydroxyalkanoates (PHA) are biodegradable, 
biocompatible, and bio-based polyesters synthesized by 
various prokaryotes, offering a sustainable alternative to 
synthetic petrochemical polymers. However, the high 
production costs associated with PHA limit their 
competitiveness with conventional synthetic polymers. 
Employing extremophiles as hosts for PHA biosynthesis 
presents significant advantages, primarily due to their 
natural resistance to contamination by ubiquitous 
microflora. This resistance enables production processes 
that can operate in semi-sterile or non-sterile conditions, 
even under continuous or semi-continuous modes, 
thereby substantially reducing costs. Our research has 
focused on the exploration and screening of thermophiles 
capable of PHA biosynthesis. Compared to halophiles, the 
potential of thermophiles for PHA production remains 
largely unexplored, with only a few thermophilic strains 
reported to possess this capability. To address this gap, we 
systematically screened a selection of thermophilic strains 
from public microbial collections, aiming to identify novel 
and potent PHA producers. Among the promising 

candidates identified are Tepidimonas taiwanensis and 
Caldimonas thermodepolymerans, both of which show 
strong potential for PHA production from various waste 
resources. In addition to strain selection, we developed a 
novel isolation protocol that facilitates the identification of 
PHA-accumulating thermophiles from complex microbial 
consortia such as compost and activated sludge. This 
approach led to the discovery of several promising 
thermophiles, including isolates from the genus 
Aneurinibacillus, which exhibit a unique ability to 
incorporate diverse monomer units into the PHA polymer 
chain. Currently, we are leveraging bioinformatics and 
systems biology tools to develop metabolic models for 
these thermophiles, particularly Caldimonas 
thermodepolymerans. Using metabolic engineering, we 
aim to optimize these microorganisms as robust 
biotechnological platforms not only for the production of 
PHA but also for other valuable bioproducts. This research 
highlights the untapped potential of thermophiles in the 
sustainable production of biopolymers and sets the stage 
for future industrial applications.  
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 In current eras, with the development of green 
chemistry and nanotechnology, bacterial cellulose (BC) has 
received increased attention not only in academia, and 
industry but also in day- to- day life especially in the field 
of healthcare. BC hydrogel is considered a natural hydrogel 
that inherits the advantages of green chemistry and little 
toxicity [1]. Besides this, such high–strength fibers of BC 
provide stronger mechanical properties for materials, 
making up for the limitations of traditional natural 
hydrogels such as low strength and poor toughness etc. 
Pure natural BC hydrogel fiber has good bio–ion 
conductivity and light–guiding performance, making it a 
great application prospect for preparing various emerging 
materials: in the field of sensors, food packaging, medical 
devices, wound dressing material, leather substitute 
materia,l and so on  [2-4] 

 
Figure 1: Visual Image about Production of Bacterial 
Cellulose/Bacterial Cellulose Hydrogel at CPS, TBU in Zlin. 

BC is a nano–sized cellulose fibers produced by 
bacteria that is terminated with abundant hydroxyl 
groups. The BC producing bacteria are mainly Gram –
negative bacteria. The most well–known bacteria is 
Komagataeibacter (formerly named as Gluconacetobacter 
xylinus, a Gram–negative obligate aerobic bacterium that 
efficiently metabolizes multiple carbon and nitrogen 
sources to generate BC. The bio–synthesis of BC involves 
the participation of multiple enzymes and reactions at 
multiple stages, which can be summarized as four steps: 

(1) Glucose is converted to glucose–6–phosphate by 
phosphorylation of glucokinase;  
(2) Glc–6–P is converted to glucose–1–phosphate by 
isomerization of gluconophosphate mutase;  
(3) Glc–1–P is converted to uridine diphosphate 
glucose by UDP–glucose pyrophosphorylase;  
(4) UDP–glucose polymerized into linear β–(1–4)–
glucan chain by Cellulose synthase to form Bacterial 
Cellulose [1]. 
 BC is basically a linear polysaccharide composed of 

thousands of repeating D–glucose connected by β–1, 4–
glycosidic bonds. BC possesses a high aspect ratio and a 
large specific surface area with a diameter in the 10–100 
nm range and length reaching several microns. 

In this platform, I propose to discuss about a 
comprehensive review on recent advances of biosynthesis 
of BC hydrogel and its application including our research 
achievement on ‘Bacterial Cellulose Hydrogel’. 

  
. 
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Caldimonas thermodepolymerans DSM 15344, a 
moderately thermophilic Gram-negative bacterium, is an 
attractive microbial candidate for the Next-Generation 
Industrial Biotechnology due to its ability to utilize sugars 
from plant biomass and convert them efficiently to poly(3-
hydroxybutyrate). Unlike the majority of 
polyhydroxyalkanoate producers, C. thermodepolymerans 
prefers xylose over glucose [1]. Production potential of this 
promising thermophilic bacterium could be further 
enhanced by genetic and metabolic engineering but 
suitable engineering tools are not yet available. 

This study describes the development of genetic 
engineering tools for C. thermodepolymerans. The work 
includes the optimization of transformation protocol, 
selection of suitable antibiotics and antibiotic resistance 

genes, development and adoption of plasmid-based tools 
for genome editing (gene insertion and deletion), and 
search for reliable regulatory sequences. Within this 
project, we created two genome editing systems utilizing 
gfp and sacB genes for mutant selection. Additionally, we 
demonstrated the significant impact of the restriction-
modification system on transformation efficiency. We 
constructed the triple mutant AI01, which lacks all three 
annotated restriction endonucleases, and confirmed that 
the AI01 strain exhibits increased transformation 
efficiency compared to the wild-type Caldimonas. Our 
work contributes to the biotechnological domestication of 
Caldimonas thermodepolymerans, whose bioproduction 
potential can be now further enhanced by metabolic 
engineering. 
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Cyclodextrin polymers (CDPs) represent a versatile 
class of polymers widely employed across various scientific 
and technological domains. Distinguished by the 
integration of cyclodextrins (CDs) as oligosaccharide 
repeating units within their polymeric network, CDPs offer 
a rich diversity of structures and properties. In this study, 
we designed straightforward methods for synthesizing 
charged CDP, incorporating cationic guanidine and 
cyanoguanidine groups, as well as zwitterionic taurine 
moieties, into the CDP network as shown in Figure 1. Our 
approach entailed the synthesis of charged CDP through 
the reaction of either epichlorohydrin or citric acid with 

charged functional groups in the presence of CD during the 
polymerization stages. 

Preparation conditions were optimized to yield CDP 
exhibiting high water solubility or improved affinity for 
guest molecules. Comprehensive characterization 
employing diverse analytical techniques was undertaken 
to elucidate the chemical structure and determine the 
molar masses of the synthesized CDPs. Subsequent 
evaluation of the potential applicability of these polymers 
in drug delivery systems and 3D printing technology 
revealed promising prospects for their utilization in these 
fields. 

 
Figure 1. Schematic representation of cyclodextrin polymers containing ionic moieties (I-CDPs) forming (a) cationic, (b) 
anionic, and (c) ampholytic CDPs. 
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Mixing natural clay nanoparticles with sustainable 
polymers represents a powerful tool to obtain composite 
green materials useful for packaging and building 
applications. In this work [1], we developed hybrid films 
based on halloysite nanotubes (HNTs) and cellulose 
recovered from Posidonia oceanica sea balls (Egagropili), 
which are marine wastes accumulating along the 
Mediterranean beaches. The halloysite content of the 
hybrid materials was systematically varied from 30 to 80 
wt%. Despite the very high amounts of clay nanotubes, the 
composite films exhibited macroscopic properties 
comparable to that of pristine cellulose.  

 Figure 1: Optical photos of cellulose/HNT nanocomposite 
films with halloysite contents of 30 and 80 wt.%. The scale 
bar corresponds to 1 cm.  

Scanning Electron Microscopy evidenced that 
halloysite nanotubes form aggregates within the fibrous 
structure of cellulose and the microstructural 
characteristics of the films are affected by the 
cellulose/HNT composition. Accordingly, we detected that 
the wettability of the films can be controlled by the 
halloysite content. The addition of halloysite generated a 
thermal stabilization of cellulose and a worsening of the 

tensile properties. Nevertheless, the cellulose/HNT 
composite films showed competitive performances in 
terms of elasticity and mechanical resistance, although the 
contribution of inorganic nanotubes is predominant with 
respect to that of the cellulosic matrix. Cellulose/HNT films 
were converted into compact geopolymers by using NaOH 
solution for the alkaline activation of nanoclay, which was 
proved by thermogravimetry. The geopolymerization 
process induced significant increase in the rigidity and 
stress at break for the composite film containing the 
largest (80 wt.%) HNT content. Within this, Figure 2 shows 
the percent variations of elastic modulus and stress at 
breaking point of cellulose/HNT composites after the 
geopolymerization process.  

 
Figure 2: Percent variations of elastic modulus (a) and 

stress at breaking point (b) of cellulose/HNT composites 
after the geopolymerization process 

In conclusion, this work represents a starting step to 
develop composite materials through the valorization of 
Egagropili. The cellulose/HNT films can be promising for 
packaging applications, while the corresponding 
geopolymers might be employed as building materials 
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In recent years, the amount of zinc in cement and 
subsequently in concrete has been constantly increasing, 
mainly due to the use of alternative fuels and the large use 
of secondary raw materials containing zinc. The presence 
of zinc in cement significantly prolongs hydration. The aim 
of this work is primarily to eliminate the negative effect of 
zinc on cement hydration. Eliminating this effect in the 
future will allow the use of cement with an increased zinc 
content. The course of hydration was monitored using 
isothermal and isoperibolic calorimetry. The formation of 
new products and phases was monitored using differential 

thermal analysis and X-ray diffraction. At the same time, 
the morphology was studied using scanning electron 
microscopy with EDS microanalysis. Based on the obtained 
results, the possibilities of elimination of negative zinc 
influence using appropriately chosen hydration 
accelerators were found. It is precisely thanks to 
appropriately chosen accelerators that it is possible to 
obtain a material with a similar hydration time to ordinary 
Portland cement, but with better mechanical properties 
even with a higher zinc content in the mixture.
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Wheat bran, a byproduct of the wheat milling process, 
is the outer layer of the wheat kernel, comprising about 
14-19% of the grain. Structurally, it consists of several 
layers: the pericarp (outermost), testa, nucellar layers, and 
aleurone. The pericarp and testa are fibrous, rich in 
cellulose, hemicellulose, and lignin, contributing to the 
high dietary fiber content of bran. The aleurone layer is 
particularly nutrient-dense, containing proteins, lipids, 
vitamins (notably B vitamins), minerals (such as iron, zinc, 
and magnesium), and bioactive compounds like phenolic 
acids and flavonoids [1]. 

Historically considered a low-value byproduct 
primarily used in animal feed, wheat bran has gained 
recognition for its potential in human nutrition and various 
industrial applications. Its high dietary fiber content, 
particularly insoluble fiber, aids in digestive health, and its 
bioactive compounds have antioxidant and anti-
inflammatory properties, contributing to chronic disease 
prevention. Wheat bran can be incorporated into food 
products like bread, cereals, and snacks to enhance their 
nutritional profile [2]. 

Beyond its nutritional applications, wheat bran can be 
valorized in other innovative ways within the concept of 
biorefinery. The biorefinery concept involves the 
sustainable processing of biomass, such as wheat bran, 
into a spectrum of marketable products and energy [3]. 
Analogous to petroleum refineries, biorefineries aim to 
maximize the value extracted from biological materials by 
producing fuels, power, and high-value chemicals. This 
holistic approach is integral to the circular economy, which 
emphasizes resource efficiency and waste minimization.  

There are currently more than 200 biorefineries in 
operation in Europe, but almost two-thirds of them focus 
on the production of biofuels, bioethanol, or biodiesel. A 
complex biorefinery processing waste from the food 
industry into other useful products is not yet in operation, 
and only a few studies have validated the concept of such 
a biorefinery. 

This work presents the concept of a biorefinery 
processing wheat bran, which an average-sized mill 
produces in the order of tens of tons per day as a 
byproduct of flour production. As part of this concept, the 
isolation of ferulic acid and proteins from wheat bran, the 
production of biochar from wheat bran, and the anaerobic 
processing of wheat bran were studied. The proposed 
technologies for the valorization of wheat bran were 
investigated in detail, verified on a small industrial scale, 
and the obtained products were characterized. 

 
Figure 1: Concept of wheat bran biorefinery 
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Nanotechnology is continuously expanded area of 
science, which contains the engineering of nanosized 
particles of different materials. It is the understanding and 
control of matter at the nanoscale, at dimensions between 
approximately 1 and 100 nanometers, where unique 
phenomena enable novel applications. Matter can exhibit 
unusual physical, chemical, and biological properties at the 
nanoscale, differing in important ways from the properties 
of bulk materials or individual single atoms and molecules. 
Some nanostructured materials are much stronger or have 
different magnetic, electric or insulating properties 
compared to other forms or sizes of the same material. 
They may become more chemically reactive, reflect light 
better, or change color as their size or structure is altered. 

In the broad field of nanotechnology, polymer-matrix 
based nanocomposites have become an outstanding area 
of research and development in last decades. 
Nanocomposites are filled polymers with particles, where 
at least one dimension is in the order of nanometers. The 
shape of particles used in nanocomposites can be 
spherical, cylindrical or laminar. Maximal reinforcement is 
achieved using laminar or cylindrical particles because the 
reinforcing efficiency is highly dependent on the aspect 
ratio (the largest dimension divided by the smallest 

dimension of the particle). Conventional polymer 
composites are based on reinforcement of the polymer 
matrix by micrometer scaled particles. For example, 
isotactic polypropylene filled with talc, micro-ground 
calcium carbonate, wood powder, possibly with other 
suitable filler, or epoxy and polyester resins filled with 
mineral particles offer an advantageous combination of 
mechanical properties and price. However, polymeric 
materials reinforced by nano-scaled particles exhibit 
significantly higher performance (improvement in 
processing and application properties) already at low level 
of filler loading. This advantage comes from 
immobilization of polymer chains in close contact with 
inorganic filler possessing a large surface area. Using this 
development strategy, polymers can be improved keeping 
their lightweight and ductile feature. Addition of nano-
scaled particles to a broad range of polymers results in 
significant improvement in their biodegradability and 
recyclability. 

In this contribution, examples of biodegradable and 
recycled polymers reinforced by nano-scaled particles are 
presented and possibilities of advanced processing as well 
as characterization methods are introduced. 
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Interactions of non-thermal plasma with liquids induce 
both physical and chemical changes leading to the 
formation of various reactive species containing oxygen 
and nitrogen with high redox potential (RONS) [1]. After 
the plasma application, such affected water or water 
solution is called plasma treated water (PTW) [2]. Due to 
the presence of RONS, plasma treated water gains 
antimicrobial properties as it induces oxidative and 
nitrosative stress in cells. Therefore, such stressing 
conditions can either inactivate microorganisms or 
stimulate the cell production and growth, depending on 
the cell kind and PTW exposition. Moreover, higher 
content of nitrogen species contributes to the plant 
growth and nutrition. Applied on seeds, PTW enhances 
their wettability and stimulates germination. Therefore, 
plasma treated water solutions offer an alternative form of 
a modern fertilizer with antifungal properties which can be 
prepared from water by minimal electric energy supply 
without any environmentally harmful additives and 
without any waste. 

Composition and stability of PTW is highly dependent 
on the way of preparation (i.e., plasma-liquid interactions 
above/inside the liquid are involved), experimental 
conditions (preparation time, supplied power, etc.) as well 
as on composition of the treated liquid itself (conductivity, 
pH, additives, etc.) [3]. Generally, RONS produced by non-
thermal plasma can be divided into the short-lived species 
(such as oxygen, hydrogen or hydroxyl radicals, etc.), and 
into the long-lived species with considerably longer 
lifetime in water (hydrogen peroxide, nitrites, nitrates, 
peroxynitrites, etc.) [1]. Especially, those long-lived 
species, that can be preserved in water solution for days, 
are utilizable in agricultural applications as nutrition agents 
with antimicrobial affects. 

Plasma treated water solutions prepared by modified 
pin-hole systems generating plasma inside water volume 
with or without additional gas bubbling were applied on 
seeds and plants of Lactuca sativa (Figure 1), Allium cepa, 
and Raphanus sativus. High concentration of nitrates and 

nitrites (production efficiency in the order of kJ/mg NO3
− 

or kJ/g NO2
−, resp.), and sufficient concentration of 

hydrogen peroxide (depending on the gas addition) 
positively affected both seed germination as well as the 
growth of roots, stems and fresh biomass of all studied 
plants. Applied on fungi A. niger, PTW prevented spore 
creation (Figure 2). Although several microorganisms have 
survived, the mold reproduction was reduced. 

 
Figure 1: Root length of Lactuca sativa exposed to plasma 
treated tap water or nutrient solution for 7 days. 

 
Figure 2: Aspergillus niger after 3 weeks; left – control; 
right – exposed for 10 min to plasma treated physiological 
solution. 
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Microplastics with their widespread distribution are 

gradually becoming a global threat to the environment. 

Primary microplastics, which are produced in small 

dimensions for their intended use, are frequently used in 

many personal care products or rust removers and enter 

the environment after their application. Secondary 

microplastics arise from the degradation and 

fragmentation of larger plastic objects already present in 

the environment. Due to their small dimensions and 

persistence, microplastics are taken up by aquatic and 

terrestrial organisms. The resulting effects on the biota are 

currently the subject of intensive research. Biobased 

polymers have attracted considerable attention as 

potential substitutes for conventional polymers. These 

polymers are obtained from renewable resources and 

promise greater environmental friendliness consisting 

mainly of low negative effects and easy biodegradability. 

One of the most important groups of biobased and 

biodegradable polymers are polyhydroxyalkanoates. In 

our study, we focussed on the influence of 

polyhydroxybutyrate microparticles; P3HB, (ENMAT 

Y3000) microparticles in two size fractions – particles <63 

μm and 63-125 μm. Tests on aquatic organism Daphnia 

magna as consumer (acute, chronic, and multigeneration 

tests at concentrations 0, 6.25, 12.5, 25, 50, and 100 mg) 

and Lemna minor as producer (OECD standard test No. 221 

at concentrations of 0, 10, 50, and 100 mg/L and prolonged 

test (12 week only at 100 mg/L) were carried out.  

The L. minor exhibit no statistically significant adverse 

effects on the parameters studied (growth rate and 

photosynthetic pigment content) for either size fraction. 

The only statistically significant effect was root elongation 

with increasing P3HB concentration, perhaps as a result of 

stress due to nutrient depletion.  During the experiment, 

the development of a biofilm in P3HB particles was 

observed, and the nutrient sorption experiment showed 

that the sorption capacity of P3HB was greater than that 

of PET. The results in D. magna demonstrated that the 

presence of P3HB MPs did not induce acute effects. 

However, in chronic and multigenerational experiments, 

we observed increased mortality, decreasing reproductive 

activity, and a slower growth rate of mother organisms, all 

in dependence on the concentration of P3HB MPs in 

suspension. Additionally, smaller MPs exhibited more 

pronounced effects. Both of these phenomena can be 

related to the ingestion of MPs, which increases with 

higher concentrations of MPs in suspension and smaller 

particle sizes. Subsequently, blockage of the digestive tract 

in D. magna leads to adverse consequences. 
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Photosynthetic microorganisms have developed a 
diverse array of micro/nano structures over billions of 
years of evolution, finely tuned for interacting with 
sunlight. Utilizing these specialized structures combined 
with customized molecules and polymers opens up novel 
avenues for creating sustainable materials for 
optoelectronic and photonic devices [1].  

The following examples will be discussed in the lecture: 
i) Photoconverters with photosynthetic bacterial 

enzymes. Chemical modifications are introduced to boost 
the performance of hybrid constructs vis-à-vis the native 
proteins [2] and biocompatible interfaces enable to 
assemble photoenzymes onto electrodes resulting in 
active materials for optoelectronics [3]. 

ii) Nanostructures obtained by in vitro and/or in vivo 
functionalization of ornate biosilica shells of diatoms 
unicellular algae with functional organic molecules with 
intriguing photonic properties [4]. 

iii) Intact photosynthetic bacteria or microalgae cells 
used as living materials in photoelectrochemical cells for 
solar energy conversion [5,6]. 

The lecture will discuss the logic behind designing and 
synthesizing the biohybrid micro/nano assemblies, 
highlighting the challenges raised by the controlled 
functionalization and integration in devices. New concepts 
for photoresponsive materials and devices can be 
envisaged by combining the biotechnological production 
and modification of photosynthetic microorganisms with 
tailored functional molecules and polymers. 

 

References 
[1]  F. Milano, A. Punzi, R. Ragni, M. Trotta, G. M. Farinola Adv. Funct. Mater. 29 (2019) 1805521. 
[2] F. Milano, R. R. Tangorra, O. Hassan Omar, R. Ragni, A. Operamolla, A. Agostiano, G. M. Farinola, M. Trotta Angew. 

Chem. Int. Ed. 51(2012) 11019.  
[3] M. Di Lauro, S. la Gatta, C. A. Bortolotti, V. Beni, V. Parkula, S. Drakopoulou, M. Giordani, M. Berto, F. Milano, T. 

Cramer, M. Murgia, A. Agostiano, G. M. Farinola, M. Trotta, F. Biscarini, Adv. Electron. Mater. 6 (2020), 1900888. 
[4]  R. Ragni, S. R. Cicco, D. Vona, G. M. Farinola Adv. Mater. 30 (2018) 1704289. 
[5]  G. Buscemi, D. Vona, P. Stufano, R. Labarile, P. Cosma, A. Agostiano, M. Trotta, G. M. Farinola, M. Grattieri, ACS 

Appl. Mater. Interfaces 14 (2022) 26631. 
[6]  L.D. de Moura Torquato, R.M. Matteucci, P. Stufano, D. Vona, G.M. Farinola, M. Trotta, M.V. Boldrin Zanoni, M. 

Grattieri, ChemElectroChem 10 (2023) 1–-9. 
 



OO1: Bio-Derived and Biodegradable Materials for Bioelectronics 

Turner Brendan, Twiddy, Jack, Wilkins Michael, Ramesh Srivatsan, Kilgour Katie, Domingos Eleo, 

Nasralla Olivia, Queener Kirstie, Reynolds James, Rivera Kristina, Martin Devon, Pozdin Vladimir, 

Bozkurt Alper, Lobaton Edgar, Menegatti Stefano, Daniele Michael1 

1 North Carolina State University, Campus Box 7911, Raleigh, North Carolina, USA 27695,  

Email: mdaniel6@ncsu.edu 

Keywords: bioelectronics, biodegradable, elastomers, nanocellulose 

Mobile and distributed sensors, along with 
bioelectronics, are becoming increasingly prevalent due to 
the expanding Internet-of-Things being driven by 
advancements in material science, the miniaturization of 
electrical components, and the capabilities of edge 
computing.  

Despite the ongoing development of soft organic and 
polymeric semiconductors, conventional soft circuit 
substrates face challenges related to processibility, 
sustainability, and cost. A significant area of focus lies in 
the advancement of sustainable materials and system 
designs capable of performing as effectively as traditional 
circuit board and newer flexible substrates, yet derived 
from sustainable resources.  

In the pursuit of these sustainable and efficient 
materials for electronic applications, our research 
advancements have focused on a diverse array of 
materials, including nanocellulose, biodegradable 
elastomers, and nanocomposite conductors (Figure 1). 
These materials offer unique properties that address key 
challenges in electronics packaging and design, such as 
mechanical robustness, electrical conductivity, and 
environmental impact.  

Nanocellulose, derived from renewable biomass 
sources, has garnered significant attention for its high 
surface area, biocompatibility, and tunable properties. 
When integrated into electronic packaging designs, 
nanocellulose enhances mechanical strength and stability, 
while adding novel functionality such as biocompatibility, 
tunable gas and liquid permeation, and benign processing 
options.  

Complementary to nanocellulose, biodegradable 
elastomers contribute flexibility and resilience to 
electronics structures, crucial for applications requiring 
conformal contact and durability under dynamic 
conditions. Biopolymer or purely synthetic biodegradable 
elastomers are emerging as both viable replacements for 
polyimide in select applications; moreover, they have been 
demonstrated for recyclable or compostable uses, 
providing for a more circular lifecycle. 

This presentation will highlight our research on a range 
of biomaterial and nanocomposite substrates designed for 
bioelectronic devices. These substrates incorporate 
biodegradable elastomers, polysaccharides, and proteins, 
and they have demonstrated potential in various 
bioelectronic applications such as electrophysiology, 
recyclable nodes, and electrochemical sensing devices. 

 

 
Figure 1. (a) Nanocellulose-based organic electrochemical transistors for sensing, (b) nanocellulose substrates for plant 
electrophysiology, (c) polysaccharide nanocomposite circuit boards, and (d) citric acid-based, biodegradable circuit boards. 
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Light is often perceived as an immaterial elusive 
element that cannot transform matter.  Irradiation can, 
however, trigger chemical species that change structure 
and create new chemical bonds.  Therefore, light 
represents one of the most elegant, traceless ways to 
control chemical reactions and change the properties and 
constitution of materials. 

 In this contribution, we aim at molecules and 
molecular systems that can be activated using visible light. 
This activation enables a number of different processes, 
for example reversible selective photochemical switching 

of molecules between two states with different properties, 
formation and breaking of chemical bonds or reversible 
electron transfer.  

 Thanks to their unique properties, these molecules 
are widely used, for example, as light-controllable drugs, 
programmable molecular electronic components, affinity 
tags of biomolecules, photosensitive materials, 
functionalized polymers, organic electronics, or organic 
solar panels and batteries.  
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This presentation underscores the development of 
multifunctional nanocomposites that embody the 
principles of a circular economy, using environmentally 
benign materials such as synthetic melanin and crystalline 
nanocellulose. Our work addresses the challenges 
associated with the poor electrical conductivity and limited 
functionality of synthetic melanin by enhancing its 
electrochemical conductivities, optical reflectivities, and 
shape stability while ensuring biocompatibility. The 
integration of nanocellulose emphasizes its exceptional 
strength, biocompatibility, and contributions to 

sustainability by promoting resource longevity and 
reducing waste. We introduce a novel synthesis method 
for electrically conductive synthetic melanin, opening 
avenues for its use in sustainable electronic devices and 
edible sensors that support closed-loop cycles. By 
advancing materials science through nature-inspired and 
waste-reducing innovations, this research contributes to 
the establishment of a circular economy, fostering the 
development of sustainable, multifunctional biomimetic 
nanocomposites. 
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End-of-life vehicles (ELVs) currently represent a 
valuable source of a wide variety of recyclable waste 
materials that deserve attention for the development of 
new sustainable routes to chemicals in accordance with 
circular economy.  

In the sole European Union, more than 8 million tons 
of waste are yearly produced from ELVs, including 6 
thousand tons of scrap automotive catalytic converters 
(SCATs) whose original task is to catalyze redox reactions 
converting toxic CO, hydrocarbons, and NOx gas products 
of incomplete fuel combustion in the vehicle engine into 
carbon dioxide, water vapor and nitrogen gases emitted 
from the exhaust pipe. [1,2] Scientific literature mainly 
reports methods of recovery of platinum group metals 
from SCATs via pyro- and hydro-metallurgical processes 
under harsh experimental conditions. [3] Despite being 

effective to extract precious noble metals, these processes 
are environmentally unfriendly, producing further toxic 
waste to be disposed and requiring long time and high 
energy consumption. 

An alternative eco-friendly strategy for SCATs re-
valorization consists in their direct use as supported 
catalysts. Scientific literature shows very limited examples 
of investigation of the catalytic efficiency of revalued 
SCATs in organic reactions, these being mainly focused on 
reduction or oxidation processes. [4] Here we aim to 
demonstrate the good efficiency, general versatility and 
recyclability of a ELV catalytic converter regenerated by 
thermal treatment as heterogeneous catalyst in a series of 
Suzuki Miyaura cross-coupling reactions of aryl boronic 
acids with aryl halides. 
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Interface between an organic semiconductor and an 
inorganic substrate is crucial for functionality of many 
devices. Organic high-performance pigments, molecules 
such as diketopyrrolopyrroles (DPP) or epindolidiones 
used in this study, have a significant advantage of the facile 
synthesis and easy chemical modification, which resulted 
in their widespread use. The electronic properties can be 
engineered by the synthesis to match necessary 
requirements for the corresponding electronic devices.  

As a model system we study sub-monolayer amounts 
of deposited organic molecules on two-dimensional (2D) 
metal layer grown on a silicon substrate [1]. Under clean 
conditions of ultra-high vacuum we study the interactions 
between the molecules and the substrate using scanning 
tunneling microscopy (STM) which allows the atomic-scale 
imaging (Figure 1).  

 
Figure 1: Ordered one-dimensional chains of 
dithienyldiketopyrrolopyrrole molecules imaged by the 
scanning tunneling microscope 

The 2D metal layers prepared on Si crystals often 
exhibit exotic properties due to strong correlation effects, 
such as the 2D superconductivity [2] or spin splitting of 
electronic states [3]. Our goal is further tuning of these 

exotic properties by means of self-ordered structures of 
organic molecules. 

Organic molecules are widely used as building blocks 
in plethora of spontaneously growing periodic 
superstructures on well-defined surfaces [4]. Several types 
of intermolecular interactions can be involved. We have 
found that optimum bonding strategy when using 2D 
metal layers as substrates is to utilize double hydrogen 
bonds, as allowed by DPP or epindolidiones used in this 
study (Figure 2). Importantly, by modifying the side groups 
of the  molecules we can change electronic properties of 
the system. 

Based mostly on STM observation and density 
functional theory calculations, we will demonstrate our 
success in preparation of perfectly ordered 1D rows of the 
pigment molecules. We will show effect of side groups as 
well as of the substrate. For future, the presented 
approach offers a way to modify topology of electrons 
confined within the 2D layer.  

 

 
Figure 2: Example strategies in formation of molecular 
structures. (a) hydrogen-bonded DPP, (b)hydrogen-
bonded epindolidiones. 
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Charge-transport through organic materials is 

anisotropic in nature – control over its self-assembly 
therefore presents a viable pathway towards improved 
electronic properties. Self-assembled monolayers have 
been recently proven to be powerful-tools for this task as 
the first layer affects all of the subsequent deposition. 
This can completely change the materials topography and 
surface potential (i.e. its work-function).[1]1 

Herein, we study poly(3-adamantylmethylthiophene) 
(PMAT, Fig.1a) [2] at the dimer and dodecamer level 
(Tab.1). These short oligomers display an aromatic and an 
adamantyl-functionality, both of which can be used to 
guide subsequent self-assembly. 

The aromatic thiophene-subunits are expected to be 
the guiding moiety in the case of bare gold (Au(111), 
Fig.1b), while adamantyl-thiol treated gold directs 
towards a less disordered self-assembly pattern. Phenly-
thiol may, however result in a type of self-assembly in 
which the first layer deposited exposes an entirely 
adamantyl-based surface in turn, which leads to specific 
assembly-features. 

 

 

 

 
Figure 1: (a) Chemical structure of PMAT and (b-d) 
possible schemes for self-assembly dependent on the 
employed SAM. 

We compare these results with deposition on 
conventional substrates for optoelectronics such as 
unmodified glass and mica (muscovite) and compare the 
results accordingly. 

Table 1: Properties of synthesized and employed oligos. 
MAT 

fractions 
obtained 

Mn  
 [g mol-1] 

Mw  
 [g mol-1] 

Dispersity 
[-] 

Approx. 
number of 

units [-] 

2MAT 400 581 1.45 2 

10MAT 552 2 613 4.73 10 
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This study focuses on the solid-state fluorescence (SSF) 
of eight DPA-DPS-EWG derivatives. DPA (diphenylamino) 
and DPS (2,5-diphenyl-stilbene building block) are the 
basic components of these derivatives, while EWG 
(electron-withdrawing group) allows tuning the electronic 
properties of the molecules, see the Figure 1. Variations in 
EWG strength allowed tuning of the LUMO energy over a 
range wider than 1 eV, while HOMO energy changes were 
less than 0.1 eV.  

The fluorescence maxima in dichloromethane ranged 
between 483 and 752 nm, indicating the wide range of 
colour tunability of these derivatives. For all derivatives, 
the monoexponential decay with photoluminescence 
quantum yield (PLQY) higher than 35 % was observed. This 
indicates that these molecules can emit light efficiently. 

The six derivatives with SSF PLQY higher than 10% in 
polycrystalline powder form covered the range from 475 
to 733 nm. This shows that these molecules are capable of 
efficiently emitting light also in the solid state. Three 
components of the multiexponential decay of SSF, 
obtained by time-resolved fluorescence spectroscopy, 
were attributed to the migration of excitons into 
nonfluorescent traps, monomer-like fluorescence, and 
aggregate fluorescence. This suggests that different 
mechanisms contribute to the overall fluorescence 
behaviour of these molecules in the solid state. 

The nature of the emitting aggregates was assessed by 
quantum chemical modelling based on TD-DFT calculations 
performed on dimeric arrangements obtained by X-ray 
diffractometry of single crystals. Exciton localisation either 
on a monomer (in J-like packing) or a stacked dimer (for H-
aggregates) was found to be effective for improving the 
overall SSF PLQY through an avoidance of exciton 
migration to the quenching sites by a self-trapping process. 
The highest SSF PLQY (35%) was found for the red emission 
of DPA-DPS-CMV (CMV = cyanomethylvynylene) with the 

deepest trap, localised on an electronically isolated 
stacked dimer, causing delayed fuorescence with a lifetime 
more than 5 times longer compared to the monomer 
fuorescence in solution.  

It was found that DPA-DPS-DCV (DCV = 
dicyanovinylene) showed the formation of a polymorph 
with very intense solid-state fluorescence (PLQY 32 %) in 
the deep red region (maximum 733 nm). The anomalous 
nature of the photoluminescence spectral position to the 
other molecules in set and partial CT character in stacked 
dimer arrangement pointed to the excimer character of 
this far-red emission.   

These results suggest that limiting exciton migration is 
one of the few general ways to obtain highly luminescent 
poly- and nanocrystalline organic solids. Possibility to 
influence this effect is important for the development of 
new materials for optoelectronic devices such as organic 
light emitting diodes (OLEDs) and organic solar cells. This 
research provides insights into the relationship between 
the solid-state structure and luminescent properties of 
these materials and opens new possibilities for their 
practical applications. 

 

 
Figure 1: Notations of the compounds under study. 
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Since its discovery in 2006, graphitic carbon nitride 
(GCN) has attracted significant interest due to its 
photocatalytic activity, despite the fact that the substance 
is not new [1, 2]. GCN is composed of tri-s-triazine rings 
cross-linked by trigonal N atoms [3]. One of its main 
advantages is that it is a metal-free medium-band-gap 
semiconductor with high thermal and chemical stability 
and a tunable electronic structure. Its properties make it a 
promising material for various applications. The electronic 
band gap of GCN is approximately 2.7 eV, which is lower 
than that of the photocatalytic standard, titanium dioxide 
(TiO2), which is 3.2 eV [3]. Based on its electron structure, 
GCN should be capable of oxygen and hydrogen evolution 
through water splitting. Additionally, GCN is easy and 
inexpensive to synthesize, making it an attractive 
semiconductor for larger scale use. 

This report outlines the fabrication and properties of 
durable GCN coatings with enhanced porosity. The 
adhesion and cohesion of these coatings are ensured by a 
proprietary oligomeric siloxane binder [4]. GCN was 
synthesized from a melamine-cyanurate complex. The 

crude GCN was wet ball-milled in isobutanol to prepare a 
suspension of GCN particles with a narrow size distribution 
suitable for coating. Following the milling process, a 
coating formulation was prepared by adding a variable 
amount of oligomeric siloxane binder and a sacrificial pore-
forming agent, camphor. The plain soda-lime glass slides 
and FTO substrates were coated using the doctor blade 
technique. The coated substrates were heated to 80 °C 
under reduced pressure, resulting in the quantitative 
sublimation of camphor from the layer. This process left 
voids, the shape of which was strongly dependent on the 
concentration of camphor. 

Mechanical, physical and chemical properties of 
fabricated coatings were investigated in detail by various 
methods and photocatalytic activity was evaluated with 
several model pollutants in order to determine the optimal 
pore-forming agent content. We have shown that the 
porous texture improves the photocatalytic activity by 
enhancing the mass transfer as well as light penetration 
into the catalyst layer 
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Organic electronics has an immense potential for 
the development of products that are both 
sustainable and environmentally friendly. In this oral 
presentation, a large list of natural origin dielectric 
materials is introduced and explored in the 
fabrication of field effect transistors i.e. lignins [1], 
and celluloses [2], resins [3,4] gums, waxes, 
alkaloids, nucleobases [5], etc.  

The thin natural organic dielectric materials listed 
above were used either as stand-alone insulator 
layers or as capping layers for the electrochemically 
grown aluminum oxide on the top of the gate 
electrode. We assess and establish the specific 
dielectric properties of each material, i.e. impedance 
characteristics, dielectric constant, and breakdown 
field. Finally, we demonstrate their efficient 
application as gate dielectric materials for organic 
field-effect transistors (OFETs), with both p-type and 
n-type organic semiconductor molecules, i.e. 
pentacene and fullerene, C60. 

The dielectric materials investigated in this study 
are practical alternatives for the fabrication of 
sustainable, “green” electronics, considering their 
natural origin and wide availability, their low cost of 
production, their low toxicity, inherent 
biodegradability, and finally the most important 
aspect, their ultimate performance, and stability-
reliability in practical devices. 

Apart for the outstanding dielectric and film 
forming properties presented in this lecture, it is 
worth noting that all the above-mentioned natural 
dielectrics are inherently, biocompatible (even 
edible) and have well known medical properties. 
Thus, this class of dielectrics may find in future 
applications in the branches of science where 
dielectric materials are part of bio-integrated 
electronics. 
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Organic bioelectronics emerged as a potential 
revolution in medical care as it enables highly efficient 
individualized therapy with reduced side effects compared 
to conventional pharmacological treatment.  

Bioelectronic devices consist of several components, 
the crucial one, that determines the performance of the 
whole device, is active material. Active material acts as a 
converter of cell communication into the form of an 
electrical signal and vice versa. Therefore, there are high 
demands on active materials to obtain devices capable of 
precise diagnostic and highly effective therapy. The main 
parameters the active material should meet are (i) high 
biocompatibility, to avoid adverse reactions of the living 
organism, (ii) a suitable combination of ionic and electronic 
conductivity, to effectively transform the cell 
communication that occurs in the form of ionic signals into 
the electrical signal and (iii) suitable mechanical properties 
not to cause damage to the soft biological tissues.  

Most bioelectronic devices use the active material in 
the form of thin film, which is not suitable for contact with 
living cells due to the significant differences in mechanical 
properties. Thin films are dry and rigid structures and their 
connection to the wet, soft and very dynamic biological 
tissues often leads to the damage of both, the 
bioelectronic device as well as living tissue. 

Hydrogels are considered an ideal environment for 
living tissues as their properties are very similar to those of 
extracellular matrix. However, conventional hydrogels are 
not suitable for bioelectronic applications as they lack ionic 
and electronic conductivity. Several research groups put 

great efforts to overcome this drawback and prepared 
mixed conductive hydrogels combining a conductive 
component (e.g. metal nanoparticles or conductive 
polymers) and the conventional non-conductive hydrogel 
matrix. However, this approach always suffers from the 
trade-off between suitable mechanical properties given by 
hydrogel and appropriate conductivity given by dopant. 

Recently, it was shown that it is possible to prepare a 
pure conductive PEDOT hydrogel, which was a 
breakthrough discovery, as such structure possesses both, 
suitable mechanical and electrical properties [1]. Since 
then, a lot of attention has been dedicated to this topic as 
it can represent a significant shift to more effective 
bioelectronics devices and expand their application 
possibilities. 

Here, we present the preparation of novel pure 
conductive hydrogel based on polymer composite 
PEDOT:DBSA. Prepared hydrogel exhibits improved 
biocompatibility compared with PEDOT:PSS, which 
constitutes the golden standard in this field, tunable 
mechanical properties and suitable electrical properties 
for bioelectronic applications. The suitability of 
PEDOT:DBSA hydrogel to form an active material in 
bioelectronic devices was proved by its utilization in an 
organic electrochemical transistor (OECT), which showed 
typical transistor behavior. Such hydrogel-based OECT is, 
to the best of our knowledge, unique and can provide a 
knowledge base for the next generation of highly effective 
hydrogel bioelectronics.  
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Living cells can work as natural platforms for chemical 
functionalization, exhibiting a multitude of functional 
groups and biomolecules. The addition of chemical 
functionalities onto living cells creates an engineered 
surface enabling bacteria, yeasts, microalgae and even 
mammalian cells, to recognize their environment. Thus, 
they can incorporate both cell-to-cell and cell-to-
environment interactions useful for various purposes, from 
biomedicine to industrial applications [1]. 

On this topic, scientific research has been focused on 
developing methods to decorate living microalgae using 
sticky, melanin-like organic polymers. Recently, 
polydopamine (PDA), a biocompatible polymer based on 
poly-hydroxy-indole species, has been used to create self-
assembling coatings on living cells. For instance, this has 
allowed microalgae to continue living and dividing while 
increasing their resistance to harsh environmental 
conditions [2]. 

This technology is simple, one pot, and reliable, 
yielding a highly reactive surface capable to interact with 
other exogenous functional groups to change the chemical 
reactivity on the living cell surfaces. 

During self-polymerization, dopamine monomer (DA) 
is first oxidized to form reaction intermediates such as the 
indole species (5,6-dihydroxyindole, DHI and 5,6-
indolequinone) which can react with amino group through 
Michael addition or Schiff-base reaction. 

Our studies are focused on the co-polymerization of DA 
with aminophenylboronic acids in ammonia solution. The 
obtained boronic-bearing luminescent polymer can coat 
living cells with high density glycocalyx, via an 
esterification reaction of the boronic unit with the vicinal 
diol functionalities of the saccharides. Moreover, the 
presence of free boronic moieties on functionalized cells 
let them act as living platforms displaying further chemical 
linking properties. 

Another strategy is the co-polymerization of DA with 
polyethyleneimines, for the creation of living cells 
externally decorated with active amino groups useful for 
the removal of pollutants from aqueous environment (e.g. 
emerging small molecules, microplastics) [3]. 

Finally, redox responsive melanin-like polymers were 
also synthesized via co-polymerization of DA with 
cysteamine, to add disulfide bridges to the polymer bulk. 
Thus, these bioinspired polymers can be cleaved with 
specific reduction reactions, making them re-usable and 
recyclable systems in the field of bioremediation. 

In this work, we demonstrate the reliability of coating 
polymerization on living cells, which has a very limited 
impact on their viability, while conferring them several 
new and different functionalities, potentially useful for 
many technological applications. 
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Biodegradable polyesters such as polylactide (PLA), 
polyglycolide (PGA), polycaprolactone (PCL) and their 
copolymers or blends are among the most commonly used 
materials for tissue engineering scaffolds. They can be 
processed by traditional melt processing methods such as 
extrusion or injection moulding. After implantation, they 
degrade by hydrolysis and are eventually completely 
resorbed, and the degradation products are metabolised 
[1,2]. 

Polyhydroxyalkanoates are polymers synthetized by 
various bacteria, which use them as energy and carbon 
storage. Even though they are of natural origin, they are 
thermoplastics with properties similar to biodegradable 
polyesters, and they also degrade by hydrolysis after 
implantation. The most commonly used 
polyhydroxyalkanoate is poly-3-hydroxybutyrate (P3HB). 
The main advantage of P3HB is the fact that its monomer, 
the β-hydroxybutyric acid is one of the keto bodies. It is 
naturally present in most human tissues. It can be used as 
an energy source, unlike lactic acid, the degradation 
product of PLA, which needs to be metabolised and 
removed from the body. β-hydroxybutyric acid is also less 
acidic and therefore doesn’t acidify the surrounding 
environment of the scaffold so much as lactic acid, which 
may lead to better healing and creation of new 
tissue [1,3,4]. 

P3HB is however highly crystalline, brittle, and can be 
hard to process due to a narrow window between melting 

and degradation temperature. However, its copolymers 
with other polyhydroxyalkanoates, such as poly-4-
hydroxybutyrate, poly-3-hydroxyvalerate, and poly-3-
hydroxyhexanoate offer a wide range of properties that 
can be tailored by using different ratios of monomers and 
by blending them with other polyhydroxyalkanoates. They 
are less crystalline or completely amorphous. Their 
melting or softening temperature is lower, while the 
degradation temperature remains similar. The mechanical 
properties can range from elastomers to stiff and brittle 
materials [1,2,5]. 

In this work, porous scaffolds were prepared by 
pressure-induced phase separation using supercritical CO2 
as a foaming agent. Scaffolds were prepared from poly-3-
co-4hydroxybutyrate (P3,4HB), a blend of poly-3-
hydroxybutyrate-co-3-hydroxyhexanoate with poly-3-
hydroxybutyrate (PHBH) and from a composite of PHBH 
and phosphate bioactive glass. They were compared to 
scaffolds prepared from PLA and PCL. A wide range of 
properties was achieved. Especially notable is the highly 
elastic P3,4HB foam with 20x lower elastic modulus than 
PCL, which is the most elastic of commonly used 
biodegradable polyesters. This shows the potential of 
polyhydroxyalkanoates in various tissue engineering 
applications. P3,4HB has great potential in the 
regeneration of soft tissues, while the PHBH and bioactive 
glass composite can be used for bone regeneration. 
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Improving the properties of polymeric materials is an 
urgent task that allows increasing their operational 
properties, improving technological parameters or 
accelerating the time of biodegradation [1,2]. This trend 
has become especially relevant in recent decades when 
traditional synthetic polymers have been replaced by 
their biodegradable and often bio-based counterparts. 
Biodegradable polymers, which are already produced on 
an industrial scale, are of particular interest. Among them 
is compostable polymer blend Ecovio® which consists of 
the BASF polymer Ecoflex®, polylactid acid (PLA) and 
other additives [2]. In contrast to simple starch-based 
bioplastics, Ecovio® is more resistant to mechanical stress 
and moisture. Ecoflex® is polybutylene adipate-co-
terephthalate - a completely biodegradable statistical 
copolyester based on the fossil monomers 1,4-
butanediol, adipic acid and terephthalic acid. In turn, PLA 
is one of the most promising biodegradable polymers, 
gaining increasing popularity due to its environmental 
properties and potential use in various industries such as 
packaging or biomedical products.  

One of the current trends in the development of 
advanced nanocomposites is the inclusion of nano-

additives in their structure, which potentially provide 
them with improved mechanical, thermal and barrier 
properties compared to pure polymers. In this study, 
Ecovio®-based nanocomposites were fabricated using 
functionalized montmorillonite clay nanofillers, including 
modified (3-aminopropyl)triethoxysilane, and grafted 
polymer brushes (poly(butyl methacrylate) (PBMA) or 
poly(butyl acrylate) (PBA)) [3].  

The obtained Ecovio® nanocomposites were 
intensively characterized. These studies include the 
analysis of heat resistance and thermal properties of 
composites using DSC and TGA. A particularly important 
aspect of research is the use of rheological methods to 
determine the characteristics of nanocomposites. This 
approach makes it possible to evaluate the viscoelastic 
properties of polymer composites subjected to 
mechanical stress. Rheological studies contributed to the 
determination of the structural and dynamic properties of 
the polymer matrix, as well as the influence of 
nanoparticles on its behavior [4]. 

The research results substantiate the potential of 
manufacturing nanocomposites based on Ecovio® as 
highly efficient materials. 
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Green hydrogen is considered a clean, sustainable 
energy vector with the potential to play a crucial role in 
decarbonising energy systems. Nowadays, it is mainly 
produced through water electrolysis using renewable 
energy sources such as wind and solar power. 

Artificial photosynthesis has recently shown a new 
strategy for producing green hydrogen and strategic and 
economically valuable substances like methanol or 
methane. It mimics natural photosynthesis and thus stores 
the power of such renewable energy sources in the 
chemical bonds.  

One of the challenging problems is the development of 
new photosensitisers, the light-harvesting antennae. This 
research focuses on the design and synthesis of novel 
vitamin B2-inspired metal-free organic photosensitisers 
that are suitable for molecular photocatalytic systems. 

In our previous studies, flavins have been found to 
possess unique properties that make them an attractive 
candidate for photocatalytic hydrogen evolution [1,2]. 

For the presented study, we have chosen a flavin 
photosensitiser (Figure 1) that absorbs light in the visible 
part of the spectrum. The choice was made based on 
suitable levels of frontier molecular orbitals, and the 
possibility of long-lived triplet state formation was 
predicted [3]. 

 

This system consists of a flavin photosensitiser for light 
capture and electron transfer and a platinum co-catalyst 
providing active sites for the reaction. A sacrificial reagent 
was used to facilitate the oxidative half-reaction. The 
optimal ratio of photosensitiser to co-catalyst was 
determined. The system demonstrated continuous 
hydrogen production over 29 hours, indicating sufficient 
photostability (compared to Eosin Y) and reproducibility 
through repeated measurements [3]. This work highlights 
the potential of flavins as a sustainable and tunable 
platform for green hydrogen production, offering a 
promising alternative to traditional materials. 
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 Figure 1: Molecular structure of flavin photosensitiser 

 

References 
[1]  J. Richtar, P. Heinrichova, D. Apaydin, V. Schmiedova, C. Yumusak, A. Kovalenko, M. Weiter, N.S. Sariciftci, J. 

Krajcovic, Molecules 23 (2018) 2271. 
[2]  J. Richtar, L. Ivanova, D.R. Whang, C. Yumusak, D. Wielend, M.Weiter, M.C. Scharber, A. Kovalenko, N.S. Sariciftci, J. 

Krajcovic, Molecules 26 (2021) 27. 
[3] L. Ivanová, J. Truksa, D.R. Whang, N.S. Sariciftci, C. Yumusak, J. Krajcovic, ACS Omega 9 (2024), 5534–5540. 

 

Acknowledgement 
The authors thank the project FCH-S-24-8592, the Austrian Agency for International Cooperation in Education and Research 
(OEAD-GmbH, WTZ, CZ01/2020, 8J20AT025) and FWF Mobility CZ-AT project 8J24AT022. LI thanks the Brno City Municipality 
(Brno Ph.D. Talent Scholarship) for her financial support. 



OS5: Acrylated and Itaconated Plant Oils as Eco-Friendly Monomers 

for Emulsion Polymerisation 

Kolář Martin1, Machotová Jana1, Podzimek Štěpán1,2, Honzíček Jan1, Kocián David3 

1 Institute of Chemistry and Technology of Macromolecular Materials, Faculty of Chemical 

Technology, University of Pardubice, Studentská 573, 532 10 Pardubice, Czech Republic, email: 

st51413@upce.cz 
2 Synpo, a. s., S. K. Neumanna 1316, 532 07 Pardubice, Czech Republic 
3 Department of Physical Chemistry, Faculty of Chemical Technology, University of Pardubice, 

Studentská 573, 532 10 Pardubice, Czech Republic 

Keywords: emulsion polymerisation, coating, acrylic latex, camelina oil

Emulsion polymerisation is a widely used technique for 
multiple applications, such as bulk polymers and latex 
coating systems. A variety of monomers can be utilised in 
emulsion polymerisation; however, the vast majority are 
petroleum-based. The growing concern evokes new 
research and a search for more eco-friendly alternatives. 
Promising materials are plant oils with a high content of 
unsaturated fatty acids. However, the double bonds 
present in their molecules are not reactive enough to 
successfully perform in an emulsion polymerisation and 
they have to be modified by introducing more reactive 
moieties [1]. 

Acrylated derivatives, prepared by epoxidation and 
subsequent acrylation, have emerged as valuable and 
relatively eco-friendly materials [2]. Unfortunately, their 
manufacturing process requires a non-negligible amount 
of petroleum-based acrylic acid. Additionally, acrylic acid 
has allergenic and irritation potential.  

The replacement of acrylic acid with itaconic acid is a 
possible solution to these inconveniences. Itaconic acid is 
produced by fermentation of carbohydrates. Its solid-state 
also solves the problems that arise from the volatility of 
acrylic acid. Since itaconic acid contains two carboxylic 
groups, it has to be modified to mimic the acrylic acid 
structure. In this work, we used camelina oil, derived from 
the cruciferous plant Camelina sativa, to obtain acrylic 
monomers using transesterification, epoxidation, and 
acrylation or itaconation. For the purpose of itaconation, 
we synthesised monomethyl itaconate, which we further 
used as an alternative for acrylic acid in the same synthesis. 
The reaction scheme (Figure 1) is portrayed on a methyl 
ester of oleic acid. These monomers were then 
copolymerised in a conventional semi-continuous 

emulsion polymerisation with commercial acrylic 
monomers. 

 
Figure 1: Itaconation of camelina oil 

Molar mass measurements of the latex copolymers 
showed the formation of an ultrahigh molecular weight 
fraction due to the presence of multi-acrylated/itaconated 
ingredients from the bio-based monomers. An increase in 
water repellency and resistance against water-whitening 
in the coating samples was observed. Long fatty acid 
chains were responsible for this phenomenon, although 
the presence of hydroxyl groups (from oxirane rings) 
significantly reduced this effect. 

In conclusion, acrylation and itaconation are effective 
methods that can be used to modify various plant oils, as 
well as manufacturing by-products (such as tall oil) into 
valuable eco-friendly materials for the polymeric industry. 

References 
[1]   J.S. Neves, L.F.Valadares, F. Machado, Colloids and Interfaces 2 (2018) 46. 
[2]  M. Kolář, J. Honzíček, Š. Podzimek, P. Knotek, M. Hájek, L. Zárybnická, J. Machotová, Journal of Materials Science 

58 (2023) 15558–15575. 

Acknowledgement 
This work was supported through project No. UPA/SG321005.  



OS6: Macro- and Microrheological Characterization of Cerebrospinal 

Fluid  

Bauer Thessa-Carina1, Bradt Elke1, Hild Sabine1, Gruber Andreas2, Rossmann Tobias2, 

Ruiz-Navarro Francisco2, Oberndorfer Johannes2, Stefanits Harald2, Kracalik Milan1 

1 Johannes Kepler University Linz, Institute of Polymer Science, Altenberger Str. 69, 4040 Linz, 

Austria, Email: thessa-carina.bauer@jku.at 
2 Kepler University Hospital, Department of Neurosurgery and Johannes Kepler University Linz, 

Faculty of Medicine, Clinical Research Institute for Neurosciences, Wagner-Jauregg-Weg 15, 4020 

Linz, Austria 

Keywords: rheology, viscosity, characterization, cerebrospinal fluid, hydrocephalus 

Rheology is considered to characterize the flow 
behavior of different fluent macromolecular materials. In 
medical science rheology has little awareness. Biological 
fluids are aqueous solutions containing several 
macromolecules, as proteins among others, which are 
responsible for a specific flow behavior. Some studies have 
been conducted on synovia and blood. This study focuses 
on cerebrospinal fluid (CSF) especially after subarachnoid 
hemorrhage (SAH). The aim is a closer investigation if 
rheology may help for better understanding of circulation 
disorders of CSF in the body. 

The field of rheology can be divided in two types macro 
and micro rheology, according to different measuring 
setup. Macrorheology applies force on the sample to 
measure the deformation and on the other side for the 
passive microrheological analysis tracer particles are used 
which are driven by thermal energy (Brownian motion) 
which cause only minimal deformation to the estimated 
sample. 

The samples were drawn via an external ventricular 
drainage at different time points after the SAH. Rheological 
measurements were operated with a rotational rheometer 
(Anton Paar Ltd., Graz, Austria) equipped with a double 
gap geometry (DG26,7/T200/SS). Different conditions in 

the human body were simulated by measuring the samples 
at specific temperatures (5°C, 35°C, 37°C, 40°C), as the 
storage temperature in refrigerator – undercooled – 
physiologic – elevated body temperature. The frequency 
tests show a natural trend due to the different measuring 
temperatures. This specific data behavior was investigated 
further. Moreover, new methodology was used to 
calculate viscoelastic based parameters as the cumulative 
storage factor, which was introduced in previous works. 
These parameters were correlated with laboratory 
parameters, as erythrocyte and leukocyte count, total 
protein, lactate and glucose concentration. 

Additionally, to the macrorheological characterization 
also microrheological analysis were operated with a 
Zetasizer Nano (Malvern Panalytical Ltd., Malvern, United 
Kingdom). 

Relationships between the correlation of rheological 
and laboratory parameters and specific disease patterns of 
patients as well on the time elapsed since subarachnoid 
hemorrhage were observed. The overall goal is to evaluate 
whether rheological parameters have a clinical advantage 
and may help prediction of shunt dependence after SAH. 
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The utilisation of renewable resources for the 
production of bio-based products is essential in order to 
develop sustainable bioprocesses. In the European Union, 
approximately 250 million t of municipal solid waste 
(MSW) are generated annually, with 86 million t 
constituting bio-waste (OFMSW). The disposal of bio-
waste in landfills significantly contributes to the release of 
greenhouse gas emissions. This is estimated to account for 
roughly 3% of European greenhouse gas emissions. [1] 
OFMSW has been evaluated as a potential feedstock for 
producing various bio-based products through 
fermentation processes, [2] including succinic acid (SA). SA 
is a vital platform chemical with numerous applications as 
a precursor for various derivatives. [3] 

In this context, the present study assesses the 
production of SA using OFMSW hydrolysate. The bacterial 
strain E. coli AFP184 is employed in a two-stage cultivation 
process, with a primary focus on optimizing the 
fermentation process to enhance SA production. 

The OFMSW can be considered as a promising 
feedstock for the biotechnological production of bio-based 
SA. The main components of OFMSW stream are free 
sugars (18.1%), glucan (14.7%), protein (9.8%) and starch 
(8.0%). The oil and pectin content of the OFMSW used in 
this study were 7.1% and 2.5%, respectively. Preliminary 
experiments were performed in Duran bottle 
fermentations in order to verify the ability of E. coli AFP184 
to grow on commercial carbon sources that are contained 
in MSW hydrolysates. E. coli AFP184 did not consume 
sucrose and arabinose, and among the carbon sources 
tested, xylose and fructose exhibited the lowest efficiency. 
Galactose proved to be the most efficiently consumed 

carbon source, reaching a concentration of 25.4 g/L, 
followed by mannose and glucose. 

The optimization of the fermentation process was 
implemented in a bench-top bioreactor through fed-batch 
fermentations, involving the evaluation of various 
neutralizing agents (NaOH, KOH, NH4OH, Mg(OH)2) for pH 
regulation, the effect of volumetric oxygen transfer 
coefficient (kLa) during aerobic phase and the initial carbon 
source concentration. Finaly, the optimum conditions 
were implemented on the biowaste fraction hydrolysates 
and were compared with glucose-rich synthetic medium in 
terms of final production, yield and productivity. When 
NaOH and KOH were used, no significant differences were 
observed in the overall fermentation efficiency. However, 
when NH4OH was employed, SA production reached 45.7 
g/L, with a yield of 0.58 g/g and a productivity of 0.88 
g/(L·h). Different kLa values were evaluated (225.2-428.7 h-

1) during aerobic phase. Among the kLa values used the 
highest productivity (1.72 g/L/h) was observed at 388.0 h−1 
where cell growth was 17.4 g/L and succinic acid 
concentration was 34.6 g/L. Increasing the agitation rate 
to 1000 rpm (428.7 h− 1) resulted in lower biomass 
concentration (15.4 g/L), while succinic acid concentration 
reached 43.5 g/L. The effectiveness of the neutralizing 
agent, kLa and initial carbon source concentration was 
evaluated using crude OFMSW hydrolysate as 
fermentation feedstock in fed-batch bioreactor 
fermentation. The main carbon source in the hydrolysate 
was glucose (about 86%), and SA production increased by 
approximately 15%. 

The OFMSW can be considered a promising feedstock 
for the biotechnological production of bio-based SA. 
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Developing economically sustainable processes for 
lignin valorization remains a significant challenge. 
Recently, a new paradigm known as “lignin-first” has 
emerged, focusing on lignin fractionation through 
biopolymer solvolysis followed by reductive 
stabilization to prevent biopolymer condensation. [1] 
Our research centers on ethanosolv processes aimed 
at achieving high retention of β-O-4 linkages in lignin 
fractions, using endocarps as feedstocks. Particularly, 
pistachio dried shells have shown promising results.[2] 
By optimizing biomass pre-treatment and utilizing 
microwave-assisted extraction, we achieved a 
delignification yield exceeding 70%, with lignin 
fractions primarily composed of S units and retaining 
approximately 70% β-O-4 linkages. However, the 
process duration, requiring 10 hours at 80°C, is a 
drawback. To enhance economic sustainability, we 
explored a single-step process that simultaneously 
extracts and functionalizes lignin. This approach 
eliminates the need for post-processing and enables  

lignin functionalization with various species such as 
redox-active species such as gallic acid[3], 
chromophores as rhodamine B, or antioxidants like 
ascorbic acid[4], thus streamlining the process and 
reducing costs. The extraction-functionalization 
process exploits the acid environment of the 
extraction mixture to perform a microwave-assisted 
transesterification reaction between the carboxylic 

acid group present on the additive molecular structure 
and the hydroxylic groups presents on lignin structure 
(Figure 1). 

 

Figure 1: Gallic acid functionalization mechanism trough 
acid catalyzed transesterification 

Our findings demonstrate that using pistachio shells 
as feedstock in an optimized ethanosolv process can 
yield high-quality lignin fractions with significant 
retention of β-O-4 linkages. While the process 
duration remains a challenge, the development of a 
single-step extraction and functionalization method 
offers a promising path toward more economically 
viable lignin valorization, transforming lignin from a 
waste to a versatile material. This integrated approach 
not only simplifies the process but also adds value to 
lignin by enabling its functionalization for various 
applications, potentially leading to broader industrial 
adoption and enhanced sustainability in biomass 
utilization. 
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BaTiO3, known for its robustness and structural 
simplicity, revolutionized ferroelectric ceramics. It was the 
first material used in manufacturing dielectric multilayer 
ceramic capacitors (MLCs). Doped with donors and 
acceptors, barium titanate finds applications in Positive 
Temperature Coefficient of Resistance (PTCR) ceramics, 
including self-regulating heaters, inrush current limiters, 
and SMD sensors [1,2]. 

Over time, ferroelectrics experience gradual 
degradation due to aging. While the exact microscopic 
processes behind aging are still debated, stable charged 

particles (such as oxygen vacancies 𝑽𝑶
••) are generally 

believed to play a main role. Aging is less pronounced in 

highly pure materials or soft compositions but becomes 
more noticeable in hard compositions with acceptor 
dopants [3]. 

Our aged PE hysteresis loops show an increase in 
coercive field Ec and a decrease in spontaneous 
polarization Ps with time. Aging of ferroelectrics, based on 
this experiment and our previous measurement regarding 
aging of room temperature resistance (R25), can be 
explained by the volume effect with the symmetry-
conforming principle, as proposed by Zhang and Ren [4]. 
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Lead halide perovskite (LHP) materials have attracted 
a lot of attention due to their unique optoelectronic 
properties: high absorption coefficients, long charge 
carrier diffusion lengths, low defects density, and tunable 
bandgap. Owing to their brilliant properties, they have 
been explored as many different optoelectronic devices, 
such as solar cells, photodetectors, LEDs, memristors, etc. 
Solar cells based on LHP have achieved a steep increase in 
power conversion efficiency over the years, from 3.9 % 
(2009) to over 26 % (2023). Commonly studied halide 
perovskites have the general formula of ABX3, where A is a 
monovalent cation methylammonium (CH3NH3

+ or MA+), 
formamidinium (CH(NH2)2

+ or FA+) or cesium (Cs+); B is a 
bivalent cation lead (Pb2+) or tin (Sn2+); and X is a halide 
anion chloride (Cl–), bromide (Br–) or iodide (I–). However, 
the presence of lead (II) cations in the structure of HPs has 
raised concerns about the environmental impact and 
waste management of future perovskite devices. 

Thus, there is a persistent challenge to substitute the 
lead in the structure of halide perovskites while 
maintaining the desired optoelectronic properties. The 
most obvious substitution with Sb2+ leads to instability and 
structural changes due to the oxidation of Sb2+ to Sb4+.  

One of the most perspective substitutional strategies 
is the heterovalent substitution where two Pb2+ ions are 
substituted with one monovalent cation (typically MA+ or 
Cs+) and one trivalent cation (bismuth Bi3+ or antimony 
Sb3+). This substitution leads to the formation of very 
stable perovskite structures A3Bi2X9. Nevertheless, due to 
the low dimensionality of their crystalline lattices, they 
have complex and less efficient charge transport. 

In this contribution, we present the preparation of 
monocrystalline and polycrystalline forms of two lead-free 
perovskites, methylammonium bismuth iodide (MA3Bi2I9) 
and methylammonium antimony iodide (MA3Bi2I9).  

The prepared samples were the subjects of an advanced 
structural and optical characterization, which was later 
used to discuss the possible practical application of these 
lead-free perovskites. In fact, the analysis of the 
absorption coefficients shows a significant difference 
between the two studied materials. In MA3Bi2I9, we notice 
a clear excitonic peak at an energy of 2.49 eV, while the 
MA3Sb2I9 samples have no presence of the excitonic peak.  

 
Figure 1: a) device based on single crystals; b) device 
based on polycrystalline thin films 

To explore the application potential of these materials, 
we fabricated two sets of devices. The devices based on 
monocrystalline perovskites consisted of the active 
material sandwiched between carbon electrodes, as 
shown in Figure 1a. The polycrystalline devices were 
fabricated by drop coating technique using the Solaronix® 
monolithic perovskite solar cell architecture presented in 
Figure 1b.These devices were later studied under visible 
light (1sun illumination) and under X-ray radiation. Both 
devices have shown an extremely low dark current (below 
1 nA) and an evident increase in charge current densities 
after irradiation. This contribution compares the energy 
conversion between the two different device architectures 
and the two different materials MA3Bi2I9 and MA3Sb2I9. 
The most favorable practical application is proposed based 
on the output performance of the studied devices. 
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Prokaryotes in extreme environments gained 
researchers’ attention as they could be used in various 
biotechnological and commercial applications [1]. Poly-
hydroxyalkanoates (PHAs) are one of the possible 
biomolecules that have the potential to replace the fossil 
fuel dependency of mankind and enhance sustainable and 
eco-friendly bioplastic production [2]. Many 
microorganisms produce under stressful conditions PHAs 
as inclusion bodies, which act as a storage compound [3]. 
Recent studies have identified halophilic prokaryotes as a 
promising source of PHAs.  

In our experiments, PHA production was analyzed in 
prokaryotes from several naturel hypersaline 
environments (see Table 1). Water samples were 
inoculated on R2A, TSA and CMH media with 5%, 10% and 
15% of NaCl and the bacteria obtained were further 
characterized. 

MALDI-TOF mass spectroscopy was used for the initial 
dereplication, and a representative of each MALDI group 
was selected for the 16S rRNA gene sequence-based 
identification. To detect PHA production MM (Minimal 
media) plates with few modifications was used [3]. The 
isolates were stained using Nile Blue and PHAs production 
was observed as orange fluorescence under UV light [4]. 

Table 1: The occurrence of PHA positive isolates in tested  
hypersaline environments 

In all tested environments, multiple halophilic isolates 
were detected and further characterized. More than 100 
halotolerant or halophilic heterotrophic isolates were 
obtained and characterized. The bacterial colonies 
showing bright orange fluorescence under UV light were 
scored PHA-positive. Table 1 summarizes the data on PHA-
positive strains from three different localities.  

No significant effect of isolation medium or NaCl 
concentration used on cultivable microbiota diversity in 
the Solivar, Presov was observed. The sampling season had 
the most important impact on observed diversity. The 
Shannon diversity index values for the years 2020, 2021, 
and 2022 are 1.896, 1.861, and 3.783, resp. The low 
diverse halophilic microbiota represented by 
Proteobacteria members (mainly Chromohalobacter and 
Halomonas spp.) observed in 2020 and 2021 was replaced 
by more diverse population of halotolerant gram-positive 
bacilli (mainly Halobacillus, Rossellomorea, Priestia, 
Peribacillus, and Bacillus spp.) observed in 2022. In natural 
salt spring Slana voda in Oravska Polhora Proteobacteria 
genus Halomonas was found to be dominant. The 
eubacterial isolates were widely positive for PHAs 
production in both Solivar and Oravska Polhora sampling 
sites. All the archaeal species isolated from the Pomorie, 
Bulgaria salt pan showed no evidence of PHAs production.  
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Sampling Number of Strains Dominant PHA positive 
genus Locality Source Time Tested PHA positive 

Solivar, Slovakia Salt brine Sept 2020 22 21 Chromohalobacter 

Sept 2021 15 10 Halomonas 

May 2022 53 11 Halobacillus 

Oravska Polhora, Slovakia Salt spring May 2022 12 12 Halomonas 

Pomorie, Bulgaria Salt pan Nov 2023 30 0 Halorubrum 
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Polyhydroxyalkanoates (PHA) are very interesting and 
promising materials microbial polyester which are 
produced by many various bacteria. Additionally, there are 
completely biodegradable and biocompatible, providing a 
wide range of end uses. PHA can also be produced from 
renewable sources, making them a suitable alternative to 
plastics made from petroleum. However, production is 
expensive. Fortunately, PHA are also produced by 
extremophiles, on which the next generation of 
biotechnological production is based [1]. Extremophilic 
organisms live in extreme conditions and due to this fact, 
the biotechnological process is not so demanding on 
sterility and the cost of production is lowery. 

Using our original isolation protocol [2], thermophilic 
bacteria of the genus Aneurinibacillus were isolated from 

activated sludge and compost. This genus proved to be 
a suitable candidate to produce polyhydroxyalkanoates. 
These bacteria are able to produce not only 
homopolymers composed only of 3-hydroxybutyrate 
(3HB) units, but also interesting copolymers which, in 
addition to the 3HB monomer, contain 4-
hydroxybutyrate [3] or other very unusual monomers such 
as 3-hydroxyvalerate, 4-hydroxyvalerate or 5-
hydroxyvalerate [4]. The composition of the copolymer 
depends on the medium used and also on the precursor.  
Also, their metabolism of PHA synthesis differs from that 
of conventional PHA producers. PHA production also 
occurs in complex media where there is no nitrogen 
limitation. One of the strains was deposited as a patent 
culture in the Czech collection of microorganisms. 
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Nowadays, in the agricultural and agro-industrial 
sectors, there is increasing attention on the wine industry. 
Italy leads European countries in wine production, 
manufacturing approximately 47.5 million hectoliters 
(Mhl) annually making it the top nation globally, followed 
by France, with 42.1 Mhl, and Spain, with 33.5 Mhl. The 
environmental impact of wine production, particularly in 
terms of waste generation, is a growing concern. On 
average, per each hectoliter of wine produced, about 196 
L of wastewater, 0.1 kg of sludge (dry matter) and 1.6 kg of 
wine lees are generated [1]. 
Wine lees is a sludge material that forms at the bottom of 
wine tanks after alcoholic fermentation which low pH, high 
content of organic matter and phenolic compounds and 
high discharge temperature. In the production of sparkling 
wines, the must undergoes multiple fermentation, 
resulting in the availability of wine lees, commonly 
referred to as fine lees, throughout the year. Despite their 
usage for biogas production and extraction of compounds, 
such as antioxidants, tartaric acid and ethanol [2], their 
potential in bioplastic production, specifically 
polyhydroxyalkanoates (PHAs), remains largely untapped.  

These biopolymers have gained much attention as a 
promising substitute for petroleum-based plastics due to 
their higher biodegradability and biocompatibility 
properties. Unfortunately, the realization of cost-effective 
large-scale production for PHAs necessitates a mandatory 
reduction in manufacturing costs [3].  
This study aims to evaluate the potential use of wine lees 
as a medium sustaining bacterial growth and PHAs 
accumulation. Specifically, Cupriavidus necator DSM 545 
and Hydrogenophaga pseudoflava DSM 1035, were 
cultivated in the liquid phase of wine lees obtained from 
the Prosecco winemaking. C. necator DSM 545 
accumulated 42.90% of cell dry weight (CDW) and 1.27 g/L 
of PHAs when grown on pure distilled wine lees. H. 
pseudoflava DSM 1035, on the same substrate, reached 
values of 1.60 g/L and 40.42% CDW of PHAs. 
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Small RNAs represent a group of post-transcriptional 
regulatory elements, a part of the machinery regulating 
gene expression in bacteria. These non-coding regulatory 
elements are not translated into proteins, and therefore 
can act as rapid responses to stress. The sRNA molecule is 
after transcription able to bind an mRNA target, and by 
multiple mechanisms determine whether to discard the 
mRNA or not. With this principle, levels of mRNAs in cells 
are influenced in response to changing environments and 
the needs of bacteria. 

Caldimonas thermodepolymerans DSM 15344T is a 
moderately thermophilic bacterium, a promising 
candidate for application in biotechnology. This 
bacterium is primarily known for the production of 
polyhydroxyalkanoate (PHA) granules, a source material 
for bioplastics. C. thermodepolymerans also represents a 
candidate for the Next generation industrial 
biotechnology (NGIB) [1] approach that aims for 
sustainable production using bacteria. The NGIB tries to 
reduce the biotechnological production costs by finding 
bacterial candidates that are able for efficient production 
without the need for expensive conditions for batch 
production [1]. To further investigate the capacity of C. 
thermodepolymerans metabolism, we used the 
transcriptomic data measured with RNA-Seq to infer 
sRNAs and conduct downstream analyses. 

The drawback of the sRNAs analyses is the lack of 
their structural annotations in bacterial genomes and 
thus they need to be first predicted. One option 
represents the prediction of sRNAs from RNA-Seq data as 
the transcription from intergenic regions. 

As well as the structural annotation, the functional 
annotation of sRNAs is missing. Therefore, to find 
putative small RNAs that relate to PHA metabolism, we 
conducted a co-expression analysis to infer the 
functionality of sRNAs with a ‘guilt by association’ 
approach. These sRNAs that have similar expression 
profiles to those genes known to be involved in PHA 

metabolism [2] were further investigated. The numbers 
of all sRNAs predicted in C. thermodepolymerans’ genome 
are shown in Table 1, as well as the number of sRNAs 
probably involved in PHA metabolism.  

Table 1: Inferred sRNAs in C. thermodepolymerans’ 
genome. 

small RNAs all sRNAs PHA metabolism related 

trans 5 4 

cis 731 259 

The candidate sRNAs were predicted from RNA-Seq 
samples measured from the cultivation of bacterium with 
xylose. Three biological replicates were measured in 8 
time points to cover 72 hours. The growth graph with the 
production of PHB is shown in Figure 1. 

 
Figure 1: Growth and PHB production of C. 
thermodepolymerans DSM 15344T. 

With the help of state-of-the-art tools, further 
analyses lead to the structural and functional annotation 
of sRNAs. Using a ‘guilt by association’ approach, those 
sRNAs that were assigned to genes involved in PHA 
metabolism were further investigated.   

These results provide deeper insight into the sRNAs 
regulatory mechanism of C. thermodepolymerans DSM 
15344T. Overall, results contribute to the assessment of 
bacterial utilization in industrial applications by providing 
further knowledge of bacterial capacity.
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The overuse and improper disposal of petrochemical 
plastics is a significant global environmental issue. 
A potential solution lies in polyhydroxyalkanoates (PHA), 
biodegradable and biocompatible biopolymers that can 
substitute for certain commercial plastics. However, the 
production costs of PHA are still higher than those of 
petroleum-based plastics. To address this, strategies such 
as utilizing extremophilic bacteria and waste materials as 
substrates have been proposed, aligning with the 'Next 
Generation Industrial Biotechnology' concept [1]. 
Extremophiles, a diverse group of microorganisms, hold 
considerable potential for biotechnological applications. 
Thermophilic bacteria, in particular, offer advantages like 
reduced environmental sterility requirements, higher 
substrate solubility, and decreased cooling water needs. 

Some thermophiles also produce PHA as intracellular 
inclusions for carbon and energy storage. 

Caldimonas thermodepolymerans (basionym 
Schlegelella thermodepolymerans), a thermophilic 
bacterium, stands out as a promising PHA producer. This 
species uniquely utilizes xylose, favoring it over other 
substrates such as glucose [2]. Xylose, the second most 
abundant carbohydrate on earth, is found in lignocellulosic 
materials, which are major waste sources. Leveraging 
xylose as a carbon source opens numerous possibilities for 
sustainable PHA production. This research delves into the 
sugar metabolism of C. thermodepolymerans and its link to 
PHA synthesis, emphasizing its potential as a viable 
candidate for cost-effective PHA production under the 
Next Generation Industrial Biotechnology framework.  
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The present study demonstrates the development of a 
bioprocess for the efficient bioconversion of sawdust into 
poly(3-hydroxybutyrate) (PHB). Sawdust is a readily 
available and abundant byproduct of industrial and 
agricultural activities which poses significant challenges in 
terms of effective utilisation and proper waste 
management. The recalcitrant structure of sawdust, due to 
its lignocellulosic nature, is the main obstacle impeding the 
efficient saccharification of polysaccharides. Therefore, a 
pretreatment step, in order to disrupt the complex 
structure of lignocellulosic biomass and remove lignin, is 
essential to enhance the efficiency of enzymes in 
hydrolyzing cellulose and hemicellulose. 

Owing to the growing interest in replacing the 
currently used chemical solvents for biomass 
pretreatment, Deep Eutectic Solvents (DES) were used in 
this study. DES are eutectic mixtures composed of a 
hydrogen bond acceptor (HBA) and a hydrogen bond 
donor (HBD). Compared to traditional solvents, DES exhibit 
more environmentally friendly behavior when released 
into the environment [1].  

In this study, DES were prepared by mixing choline 
chloride (ChCl) as HBA and lactic acid (LA) as the HBD in a 
molar ratio of 1:10. Initially, sawdust was pretreated with 
DES using a Parr reactor system at six distinct 
temperatures (100°C, 120°C, 140°C, 160°C, 180°C and 
200°C) and different pretreatment durations (30 to 120 
min). Sawdust was suspended in the solvent as a solid 
loading of 10%. The pretreated biomass was recovered by 
filtration and washed with distilled water until it reached 
neutral pH.  

Enzymatic hydrolysis of the pretreated biomass was 
performed by utilizing commercial enzyme preparations 

containing cellulase, β-glucosidase, xylanase, and 
glucoamylase. All hydrolysis experiments were conducted 
at 50°C for 48 h with a 1:10 solid-to-deionised water ratio 
under mechanical stirring. In all cases, the pH of the 
hydrolysis was adjusted to 5.0.  

The hydrolysate produced after the enzymatic 
hydrolysis of pretreated sawdust was used as carbon 
source for PHB production with the bacterial strain 
Paraburkholderia sacchari DSM 17165. The fermentation 
was carried out under phosphorus limitation in order to 
trigger the polymer accumulation, while the bioreactor 
conditions were based on Psaki et al. [2]. 

Sawdust used in this study is mainly composed of 
cellulose (43.2%), xylose (10.0%), galactose (1.9%), 
mannose (9.5%) and lignin (27.2%). After the 
pretreatment, the lignin removal achieved was more than 
36%. By utilizing the pretreated solids as a substrate for 
enzymatic hydrolysis, more than 64.8% glucan-to-glucose 
conversion yield was achieved. The total sugars in the 
hydrolysate were over 46 g/L. Finally, the hydrolysate 
produced under optimal pretreatment conditions was 
used as a carbon source for biopolymer production in 
bioreactor cultures. The fed-batch fermentation resulted 
in the production of 100 g/L total dry weight with PHB 
content higher than 50% (w/v). 

These findings underscore the effectiveness of DES in 
enhancing sawdust valorisation and highlight the potential 
of sawdust as a sustainable feedstock for value-added 
products. The study demonstrates a viable method for the 
conversion of sawdust into valuable biochemical products 
and also contributes to the broader goals of waste 
reduction and sustainable resources utilization.
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Polyhydroxyalkanoate (PHA) is a well-known family of 
bacteria-based biodegradable plastics that offer an 
approach to carbon neutrality and contribute to a more 
sustainable future. PHAs are a crucial platform chemical 
and can serve as an environmentally friendly candidate for 
replacing petrochemical plastics [1]. It can be used in 
several industries, including bioplastics, the medical and 
pharmaceutical industry, textile and fibers, and 
agriculture. Some bacteria, such as Halomonas halophila 
and Caldimonas thermodepolymerans can produce PHAs 
from a wide range of carbon sources such as lignocellulosic 
biomass, food waste, and sugar sources, and similar to 
other biotechnological processes, several challenges affect 
the feasibility and marketability of the PHAs [2]. Scale-up 
difficulties, strain development for high PHAs production 
capabilities, energy-intensive downstream, and yield could 
be considered significant challenges for a feasible process. 
Therefore, process simulation and comprehensive 
economic evaluation are promising approaches for 
potential industrial-scale production. In this study, soft-
wood and rice straws were used as lignocellulosic 

substrates and converted into PHA via halophilic and 
thermophilic conditions. The key parameters and data for 
the economic evaluation and process simulation were 
obtained from experimental studies and available 
literature. The industrial-scale PHA production scenarios 
were prepared with these data using SuperPro Designer 
software v11.0 (Intelligen Inc., Scotch Plains, NJ, USA). The 
project lifetime was set at 20 years with an 8000-h working 
time per year [3-4]. The flowsheets for the industrial-scale 
PHAs production process were prepared to process 50,000 
tons of lignocellulosic biomass annually [5]. As a result, 
these two processes were comprehensively evaluated 
regarding process bottlenecks, the economic burden of 
the plant, and saving strategies, including by-product 
utilization and virtual heat integration. The results clarified 
that halophilic PHA production from soft-wood was a more 
economically favorable option compared to thermophilic 
PHA production from rice straw due to higher NPV (213.2 
million $), IRR (13.5%), ROI (16.4%), GM (62.4%), and 
shorter PBP (5.07 years). 
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Polyhydroxyalkanoates (PHA) are valuable 
biopolymers primarily synthesized by bacteria, serving as 
their carbon and energy source. Apart from being 
biocompatible, biodegradable, and non-toxic, PHAs share 
similarities with conventional plastics derived from 
petrochemical sources. However, the most commonly 
produced PHA, poly(3-hydroxybutyrate) (P(3HB)), often 
lacks sufficient elasticity, making it stiff and brittle. 
Introducing structurally diverse PHA monomers into its 
composition effectively reduces overall crystallinity, 
thereby enhancing elasticity and resulting in the PHA 
polymer being more suitable for various applications. 

 

 
Figure 1: PHA granules within aneurinibacilli cells. 

Recently, thermophilic gram-positive bacteria of the 
Aneurinibacillus genus emerged as promising candidates 
for producing diverse PHA copolymers. In addition to 
common monomers like 3-hydroxybutyrate and 3-
hydroxyvalerate, they have demonstrated biosynthesis 
capabilities for 4-hydroxyvalerate, 4-hydroxyhexanoate, 4-
hydroxybutyrate, and 5-hydroxyvalerate [1,2]. To push 
their limits further, we explored the utilization of α-
methyl-γ-butyrolactone, a precursor for biosynthesizing α-
branched copolymers — an uncommon class of PHA 
polymers. Thermophilic bacteria of the Aneurinibacillus 
genus successfully biosynthesized poly(3HB-co-4-hydroxy-
2-methylbutyrate) up to 11.14 mol% of total PHA content. 
GC-FID and NMR analyses confirmed the presence of the 
desired copolymer. Subsequently, we conducted 
additional experiments varying PHA precursor 
concentrations (lactone and glucose) and analyzed 
resulting materials using SEC-MALS, DSC, and FTIR, 
revealing distinctive properties. This marks the first 
evidence of wild-type bacteria producing (P(3HB-co-
4H2MB)). 

Thermophilic Aneurinibacillus bacteria represent a 
unique bacterial species with a rare ability to produce 
diverse PHA copolymers. This trait is likely due to their 
highly versatile PHA synthases, making bacteria of the 
genus Aneurinibacillus an intriguing candidate for genetic 
engineering in other species. 
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Biotransformation of ferulic acid (FA) involves the 
metabolic activities of microorganisms such as bacteria or 
fungi, which alter the chemical structure of compounds. 
FA, a phenolic compound prevalent in numerous plants, 
offers a multitude of health benefits including anti-cancer, 
anti-inflammatory, and antioxidant effects. This 
compound can be efficiently sourced from lignocellulosic 
waste, which is abundant in agricultural and forestry by-
products. 

Through microbial biotransformation, FA can be 
converted into several valuable products, such as vanillic 
acid, vanillyl alcohol, vanillin, and 4-vinylguaiacol. These 
biotransformed products find applications in various 
industries, particularly in pharmaceuticals, food, and 
cosmetics, due to their beneficial properties. For instance, 
vanillin is widely used as a flavoring agent, while vanillic 
acid and vanillyl alcohol are used in the synthesis of 
complex molecules for drug development. 

Extremophilic bacteria were used in this work. These 
bacteria can survive in environments with extreme 
conditions such as high/low temperature, acidic or basic 
environments, or high salt concentration. Their ability to 
survive in conditions that are unfavorable to other 
microorganisms reduces the risk of contamination and 
therefore the cost of producing the desired substances. 

The use of extremophilic bacteria in the 
biotransformation of FA is an innovative approach that 
holds significant potential for creating new therapeutic 
compounds. Extremophilic bacteria, which thrive in 
extreme environmental conditions, possess unique 
metabolic pathways that can be harnessed for efficient 
biotransformation processes. This experiment specifically 
employed a thermophilic bacterium, Caldimonas 

thermodepolymerans, known for its ability to function at 
high temperatures and halophilic bacteria strain 
Halomonas neptunia, which thrive in salt environment of 
concentration 81 g/L. 

 

Figure 1: The process of performing the ferulic acid 
biotransformation experiment 

The experiment was carried out in flasks, where ferulic 
acid was added to the culture medium 
(complex/production) at different concentrations. During 
cultivation in the production medium, not only ferulic acid 
was converted but also polyhydroxyalkanoates (PHAs) 
were produced. PHAs are polyesters that are accumulated 
by microorganisms in the form of intracellular granules 
and have similar properties to synthetic plastics. 
Biotransformation experiments have achieved 
a conversion success rate of 80–90 mol. %. 
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Color is essential for many consumer products that are 
a day-to-day part of our lives. Even though synthetic 
colorants currently dominate the markets, consumers 
demand safe and natural alternatives that also have a 
lower environmental impact than the conventional ones 
currently used. Microbial pigments have favorable 
characteristics and potentially broad areas of application 
with advantages over the conventional pigments such as 
biodegradability and low toxicity. Moreover, microbial 
pigments offer added benefits that are valuable for various 
industries, such as antioxidative, antimicrobial, or anti-
tumor properties [1, 2, 3]. The combination of these 
factors makes them very interesting for developing 
replacements for conventional colorants and dyes. It is 
therefore important to identify producers of microbial 
pigments that can potentially be developed into highly 
productive cell factories and to study the pigments 
produced by these bacteria, as novel properties can be 
discovered.  

The bacteria belonging to a genus Massilia reside in 
many different environments, from areas with cold 
temperatures, such as Antarctica to warmer areas such as 
Mexico. Members of this group can be found in soil and air 
samples, as well as in biofilm on the surface of rocks. While 
some members of this genus are known to produce 

pigments, some strains have also been reported for their 
ability to produce polyhydroxyalkanoates (PHAs) [4]. 

This study evaluated pigments produced by selected 
members of Massilia genus. Several of the selected strains 
are psychrophiles that were sampled from Antarctica.  The 
selected bacterial strains have not been yet very well 
studied and the available data on their pigment production 
are scarce.   

Ten selected bacterial strains of Massilia genus were 
cultivated from lyophilizates. The produced pigments were 
analyzed by Raman spectroscopy. To analyze samples for 
any content of PHA, Fourier-transform infrared 
spectroscopy (FTIR) was utilized. Subsequently, multiplex 
PCR and gel electrophoresis were used to confirm or 
exclude presence of PHA synthase in five Massilia strains 
that were selected for their strong pigmentation. 

Our results suggest that the selected members of 
Massilia genus produced several types of pigments, some 
of the bacteria were also able to co-produce PHA. The 
presence of PHA synthase was also confirmed in some of 
the strains. These results suggest that some of the selected 
members of Massilia genus can potentially be utilized as 
cell factories for the co-production of industrially 
interesting pigments and PHA.
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Recently, there has been increased interest in the 
mechanical properties of prokaryotic microorganisms such 
as bacteria. For this purpose, two of the bacterial strains 
Cupriavidus necator and Rhodospirillum rubrum which 
possess unique ability to accumulate intracellular 
substances called polyhydroxyalkanoates or shortly PHAs, 
that act as an energy storage for the cells [1]. The aim is to 
understand these bacteria as deeply as possible in order to 
increase the production but at the same time reduce the 
production costs for PHAs, which are biodegradable and 
biocompatible polymers with the potential applications in 
many different fields. 

The cells were selected in PHA-producing variant along 
with the non-producing mutant from both strains. 
Measurements were carried out using atomic force 
microscope (AFM) and nanoindenter in liquid phosphate 
buffer medium to ensure the physiological conditions. 
Bacterial cells had to be immobilized on a glass substrate 
using poly-L-lysine to perform the experiments. 

 
Figure 1: AFM image of Rhodospirillum rubrum (PHA-
producing) 

AFM measurements were performed in the liquid 
environment using JPK NanoWizard 4 microscope in QI™ 
mode. For this purpose, MLCT – A or MLCT-SPH-1UM-DC – 
A probes on cantilevers with the spring constant around 
0,1 N·m-1 were used. In this way, topographic maps of 
these cells were obtained. The force-distance curves were 
also evaluated to determine the elastic modulus of the 
cells using Hertzian contact analysis [2].  

Nanoindentation measurements were also carried out 
in the liquid environment using Hysitron BioSoft 
instrument in the displacement control mode. The 
constant loading rate of diamond flat punch tips (Rc 20 and 
50 µm) was 10 µm·s-1. This way the single-cell 
microcompression tests were performed in which the 
single analyzed cell was compressed until its complete 
rupture. The obtained curves were then evaluated 
according to the modified Overbeck model [3] and the 
elastic modulus was determined.  

AFM and microcompression analyses revealed 
significant topographical and mechanical differences 
between PHA-producing and non-producing bacteria 
which exhibit different values of elastic modulus. While 
AFM revealed much lower values of elastic modulus 
(averaging from hundreds to thousands of kPa), 
nanoindentation would give average values 10× higher. In 
addition, the results from both methods revealed that the 
PHA-producing bacteria exhibited higher elastic modulus 
values on average than their non-producing mutant.  
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This research is focused on the biotechnology of 
carotenogenic yeasts. This type of microorganism is 
specific in producing many valuable metabolites, including 
carotenoid pigments, fatty acids, ubiquinone, ergosterol, 
beta-glucans and certain exopolysacharides. Many of 
these are powerful antioxidants, provitamins and have 
many other positive effects on human health when 
supplemented. This yeast biomass and metabolites are 
used for example in the pharmaceutical, cosmetic or food 
industry and therefore have great potential.  

The biggest challenge in cultivating these 
microorganisms lies in their demand for nutritional 
sources of carbon, nitrogen and some microbiogenic 
elements, which is usually the most costly aspect of this 
activity. However this type of yeast is known for its ability 
to utilize many nutritional resources, including various 
waste substrates. This fact gives us space for the 
application of the so-called circular economy.  

The food industry waste substrates selected for this 
work include brewery spent grain hydrolysate, yeast 
extracts prepared from sedimented brewer’s yeast and 
waste whey from the dairy industry. The research work 
also includes investigating the pretreatment of these 
substrates to create the most suitable environment for the 
cultivation of the biomass under study and for their highest 
possible yield. 

The effect of addition of different amounts of selected 
microbiogenic elements on yeast biomass production was 
also investigated using whey waste substrate. The 
research also included a brief analysis of selected 
exopolysaccharides (EPS) produced by these 
microorganisms during cultivation. 

Metabolites contained in final biomass, were analyzed 
by various laboratory techniques, including gas 

chromatography (GC), high performance liquid 
chromatography (HPLC), fluorescence microscopy etc.  

The results obtained in this work suggest that treated 
brewer’s spent grain and yeast extract prepared from 
brewer’s spent yeast are suitable for the cultivation of 
carotenogenic yeasts and can also serve as a source of total 
nitrogen nutrient during cultivation. For the utilization of 
whey substrate under the influence of combined stress, 
the best results are shown for the strain Cystofilobasidium 
macerans. 

 

 
Figure 1: Microscopic display of strain Rhodotorula 
toruloides (magnify 100x). 

 
The results of this work can provide valuable 

informations with application in industrial biotechnology 
of carotenogenic yeasts and can provide economically 
interesting use of selected industrial wastes. 
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In recent years, there have been major advances 
in industry which, in addition to improving the 
quality of everyday life, has also caused massive 
enviromental pollution (e.g. plastic pollution). This 
issue could be solved by replacing the petrochemical 
plastics by in nature biodegrable materials such as 
polyhydroxyalkanoates (PHAs) also produced by 
purple non-sulfur bacterium Rhodospirillum rubrum. 
The advantage of this bacterium as a PHA producer 
is its metabolic versatility and thus its ability to 
survive in various conditions (light, dark, anaerobic 
or aerobic conditions, etc.) [1, 2]. This work focused 
on the adaptation of R. rubrum to osmotic stress by 
evolutionary engineering with the goal of increased 
PHA production.  

First, the bacterial strain was exposed to different 
salt concentrations in order to optimize the 
appropriate salt concentration for subsequent 
adaptation experiment. During the evolutionary 
experiments, the PHA content of the adapted strains 
was analyzed by GC-FID, and the total dry biomass 
was also determined. After the evolutionary 

experiments, the cultures were exposed to selected 
stressors (high temperature; osmotic shock and 
freezing-thawing cycles) followed by viability 
analysis of by flow cytometry. In the last experiment, 
a comparison was made between the adapted and 
wild-type strains, where both strains were cultivated 
in media with different carbon sources (respectively 
acetate or fructose). The medias also contained 
different salt concentrations (0, 40 and 60 g/l NaCl). 
After culturing, the PHA content was determined by 
GC-FID. 

We were able to confirm the positive effect of 
continuous exposure to osmotic stress of 40 g/l NaCl 
on PHA production in R. rubrum with the 
concentration of 15–20 % throughout the 
experiment. The method of evolutionary 
engineering seems to be appropriate for increasing 
PHA production in R. rubrum. In the future, it would 
be worthwhile to extend this work by including 
adaptations to other stressors in combination with 
carbon substrates other than those used in this work. 
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With the rapid development of industry and its 
deepening impact on climate change, interest in the 
possible use of alternative energy sources has been 
growing in recent years. Much of this interest is 
focused on electricity from natural renewable 
energy sources (solar energy, hydroelectric or wind 
power, etc.). Another suitable type of renewable 
energy is the production of combustible gases such 
as methane or hydrogen. The downside of methane, 
however, is that its combustion produces CO2, which 
also contributes to already increasing greenhouse 
gas emissions. In contrast, when burning hydrogen, 
which is a clean, efficient and fully recyclable energy 
source, only water vapour is produced [1].  

A solution to this problem could be the 
biotechnological production of hydrogen using 
microorganisms capable of producing it using 
carbohydrate-rich waste materials from the food 
industry. Among the promising hydrogen producers 

are bacteria of the genus Clostridium. These bacteria, 
which are strict anaerobes, produce hydrogen 
through two metabolic pathways, namely acetic and 
butyric fermentation, using organic matter as the 
primary source of hydrogen and energy. These 
organic substrates include glucose and other 
hexoses, lactose, sucrose, starch, etc [2]. 

This work focuses on the description of hydrogen 
production by the anaerobic bacteria Clostrodium 
butyricum and Clostridium tyrobutyricum with a 
focus on the optimal conditions for biohydrogen 
production such as culture time, suitable medium, 
temperature, pH, etc. Furthermore, his work focuses 
on the development of a suitable apparatus for the 
collection of the produced gas mixture followed by 
the analysis of the composition of produced gas 
mixture by Hiden QGA ("quantitative gas analysis"), 
based on the quadrupole principle, which is used for 
continuous analysis of gases and vapours.
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Rhodospirillum rubrum is a versatile bacterium capable 
of thriving under various cultivation conditions, including 
both aerobic and anaerobic environments. It is also known 
as a promising candidate for production of biopolymers 
such as polyhydroxyalkanoates (PHA), which are of 
significant interest for biodegradable plastic production. 
However, comprehensive genome-wide transcriptomic 
studies are lacking, limiting our ability to fully explore gene 
regulation in R. rubrum, particularly in relation to PHA 
production. 

In our study, we present an analysis of RNA-Seq data 
of Rhodospirillum rubrum DSM 467T wild-type strain and 
ΔphaC1ΔphaC2 mutant strain [1]. Both strains were 
cultivated under identical conditions using either fructose 
or acetate as a substrate, with RNA samples collected at 
the same grow phases. 

The resulting RNA-Seq data were analyzed to uncover 
the main differences between the cultivation conditions 
and between the two strains on transcriptomic level. To 
achieve this, we employed differential expression analysis 
and gene ontology (GO) enrichment analysis to identify GO 
terms associated with the most significant changes in gene 
expression under the studied conditions.  

The results were visualized as show in Figure 1, where 
a heatmap represents the expression profiles of selected 
genes associated with significantly enriched GO terms, and 
arrows indicate statistically significant changes in the gene 
expression. For instance, Figure 1 compares of cultivations 
of R. rubrum wild-type strain on fructose and acetate, 
highlighting enriched GO terms such as electron transfer 
activity (molecular function (MF) GO term) and response 
to stress (biological process (BP) GO term).  

Our analysis provides further insights into the 
responses of R. rubrum wild-type and ΔphaC1ΔphaC2 

mutant strains to specific substrates, enhancing our 
understanding of their metabolic adaptability and 
potential for biopolymer production. 

 
Figure 1: Expression profiles of selected genes of wild-type 
R. rubrum cultivated with either fructose or acetate. 
Heatmap shows z-scores calculated from average gene 
expression. Arrows represent results from differential 
expression analysis: ↘ down regulation, ↗ up regulation 
at p adj value < 0.05, B.-H. correction. 
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GMOs or genetically modified organisms have been a 
major topic of debate in recent years. Even though some 
people believe they are dangerous, all myths have been 
dispelled and, in addition to improving the properties of 
the organism itself, they have been shown to help the 
environment in more ways than simply providing nutrition 
for more people – reducing excess CO2, using fewer 
chemicals and fuels during the farming process, preventing 
soil erosion improving soil health, and saving water. GMOs 
also include micro-organisms, which are mainly used in 
biomedical applications. We propose a combination of 
genetic modification of bacteria to help the environment, 
but this time directly linked to a major environmental 
problem of our time – plastic pollution. 

Closely related to this issue are the bacteria's own 
metabolites – polyhydroxyalkanoates (PHA). These 
intracellularly produced granules have attracted particular 
attention due to their properties similar to petrochemical 
plastics and the attributes of being biobased, non-toxic, 
and biodegradable. Apart from the aforementioned 
sphere, their use is particularly promising in the field of 
biomedicine (biocontrol agents, drug carriers, 
biodegradable implants, tissue engineering, memory 
enhancers, and anticancer agents). 

Our two hot candidates are thermophilic bacteria of 
the genus Aneurinibacillus, which have recently been 
identified by our group as significant producers of unique 
PHA copolymers revealing extraordinary material 
properties, and Caldimonas thermodepolymerans,  
a moderately thermophilic bacteria that is capable of 

accumulating a significant amount of poly3-
hydroxybutyrate P(3HB) from lignocellulose relevant 
sugars. However, Aneurinibacilli are extremely sensitive to 
even small modifications when cultivated and they also 
form endospores, P(3HB) itself as a homopolymer does not 
excel in industrial applications. Since no one is perfect, our 
vision is to connect these two (already) great worlds into 
one "Simply the best". 

Table 1: Potential strategies to improve PHA production 
involving gene deletion in addition to gene transfer  

Gene and organisms Modification 
The aim of the 
modification 

phaC and phaR from 
Aneurinibacillus sp. 

Transfer into C. 
thermodepolymeras 

Establish synthesis or 
unique PHA 

copolymers in C. 
thermodepolymerans 

Colum Genes 
encoding for 
intracellular 

depolymerases 
(phaZi) in both 

bacteria 

Deletion of the 
genes 

Column Enhancing 
both PHA yields and 

also molecular 
weight of the 

polymers 

Genes involved in 
endotoxin synthesis 

in C. 
thermodepolymerans  

Deletion of the 
genes 

Elimination of the 
endotoxins (the most 

problematic 
impurities of PHA) 

concerning their use 
in medical 

applications 
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Detection of methylation in bacterial genomes has 
been crucial in understanding how gene regulation, 
pathogenesis and adaptation work in bacteria [1]. It helps 
us understand how genetic and metabolic capabilities can 
help us understand the industrial potential of the bacteria. 
Thermophilic members of the Aneurinibacillus genus are 
gram-positive spore-forming bacteria species recently 
identified as producers of polyhydroxyalkanoates (PHAs) 
[2], a precursor for bioplastics. In this study, we utilized 
Oxford Nanopore Technologies (ONT) sequencing to 
investigate methylomes in Aneurinibacillus sp. AFN2 
across various genomic features. 

Sequencing was done using the PromethION system 
with R10.4 flow cells. Genomic annotation was conducted 
using the Prokka tool [3], for comprehensive gene 
prediction and functional annotation. The sequences were 
basecalled using the modified basecalling feature of 
Dorado, later Modkit was employed to handle modified 
bases from ONT, specifically for converting modBAM to 
bedMethyl files using best practices. 

The sequence analysis showed us the significant 
number of modifications being present in the 
Aneurinibacillus bacterial genome as seen in Table 1. 

Table 1: Modification Counts Summary 
 Modification Count 

1 6mA 31022 

2 5mC 24040 

       Out of the Total modifications, 50,808 were found to 
be in the coding region (CDS) out of which 22,003 were 
5mC and 28,805 were 6mA modifications which is around 
92% of the total of the total modifications. In the rRNA 
region, 1,526 5mC sites and 1,534 6mA modification sites 
were detected while in repeated regions 48 5mC sites and 
54 6mA sites, highlighting their potential role in genome 
stability and regulation. tRNA showed 5 sites of 5mC and 

22 sites of 6mA modification as shown in Figure 1. The total 
of 1065 modifications were not found in any annotated 
feature.  

 
Figure 1: Distribution of modifications across genomic 
features 

Furthermore, we also calculated the modification 
density for both methylation types. The density of 5mC 
modification was found to be around 0.006 per base while 
the density of 6mA modification was approximately 0.008 
per base thus indicating the higher occurrence of 6mA 
modification in the bacterial genome. 

These findings determine the widespread methylation 
pattern and are distributed among various genomic 
features. Most of the methylation in CDS shows the role 
played by methylation in gene regulation and expression 
in the bacteria. The differential distribution of 5mC and 
6mA across genomic features can provide insights into 
various functional roles and regulatory mechanisms within 
the genome. This study underscores the robustness of ONT 
sequencing in detecting and quantifying DNA methylation, 
offering valuable insights into the epigenetic landscape of 
Aneurinibacillus species.  
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Climate change has a significant influence on an 
agricultural production worldwide. Watering of plants and 
crops is essential and desirable, nevertheless consistent 
high temperatures demand careful monitoring and 
optimization of irrigation practices to mitigate water loss 
and maintain crop yields. One potential solution for 
retaining water could be the implementation of hydrogels 
with encapsulated plant-growth promoting bacteria 
(PGPR). 

Azotobacter vinelandii belongs to plant growth 
promoting rhizobacteria (PGPR) and shows biological 
activities for the stimulation of plant growth and is capable 
of synthesizing two completely different biopolymers with 
great application potential. Polyhydroxyalkanoates (PHA) 
are produced and stored in the form of intracellular 
granules improving cell robustness, while alginate is 
produced extracellularly and used for bacterial protection. 

In this work, hydrogels with encapsulated bacteria, by 
direct gelation of bacterial alginate, are formed and 
employed into the soil with lettuce seeds. After 40 days of 
plant grow, we stopped watering the plants and observed 
how the plants were influenced by drought. The 

experiment showed positive results not only in the 
improved condition of plants (including higher biomass 
and increased content of both plants and roots), but also 
in higher resistance to drought in treated plants compared 
to untreated ones. 

 
Figure 1 Schematic presentation of the experiment 
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Plant Growth Promoting Rhizobacteria (PGPR) are soil 
bacteria, which presence in soil significantly influence soil 
properties and its fertility. Conventional ways of soil 
management connected with the application of inorganic 
fertilizers can have severe impact on soil physicochemical 
properties (soil organic matter stability, soil density and 
compactness, water holding capacity) and soil 
microbiological characteristics (soil microorganisms’ 
quantity, variability and vitality). In recent time, there have 
been several tendencies to overcome this issue by 
environmentally friendly way. One of the promising 
possibilities how to improve soil properties and health is 
the application of soil conditioners, biostimulants and 
bioinoculants [1-4].  

The main aim of the work was the optimization of the 
application form of PGPR (bacteria incorporated in 
alginate gel, freeze-dried gel with bacteria, bacterial 
suspension, alginate gel without bacteria, control sample). 
These different PGPR-formulations [1] were applied in soil 
and studied the effects on growth and vitality of model 
plants (Lactusa sativa, Zea mays) in a driven pot cultivation 
experiment (controlled automatic irrigation and 
illumination, measured temperature, moisture). Growth 
aspects of model plants were assessed online during the 
plant vegetation cycle (monitoring of plant height, width, 

number of leaves) and after the termination of plant 
vegetation cycle (weights of fresh and dried plant, above 
and underground plant weight, roots density and vitality 
by using the image analysis tools). Beside the effect on 
plant growth we also assessed the effects of various 
application forms on PGPR on soil microbial activity by 
using the commercial BIOLOG EcoPlateTM kit and also the 
effects on soil physico-chemical properties (soil moisture, 
pH, organic and mineral content of soil). 

The results of the work indicated that gel form with 
entrapped PGPR and freeze-dried gel with PGPR had the 
most significant effects on plant growth (highest weight of 
roots and plants) compared to the blank samples without 
PGPR application. The application of different PGPR forms 
did not have statistically significant effects on soil 
physicochemical properties, but on the other hand BIOLOG 
EcoPlate tests revealed the positive effects of gel form and 
freeze-dried gel form with entrapped PGPR bacteria 
application on soil microorganisms’ activity.  

The results of our work confirmed the positive effects 
of PGPR on soil microbiological and agronomical 
properties and verified our proposed concept of the 
preparation PGPR inoculants via entrapment of PGPR 
inside the alginate hydrogel.

 

References 
[1]  Z. Segaye, T. Alemu, F.A. Desta, F. Assefa, Frontiers in Microbiology 13 (2022) 1-9. 
[2]  A. Rammenou, et el., Earth Systems and Environment 7 (2023), 583-600. 
[3]  M. Kalina, et al., Agronomy 12 (2022), 1768. 
[4]  S. Sovova, et al., Ecocycles 7 (2021) 46-54. 

Acknowledgement 
The work was supported by the Czech Science Foundation of the Czech Republic (GACR project no. GA23-06757S). 



PW20: Slow-release Nitrogen Fertilizers with Biodegradable Poly(3-
hydroxybutyrate) Coating 

Krobot Štěpán1, Kontárová Soňa1, Přikryl Radek1 

1 Brno University of Technology, Faculty of Chemistry, Purkyňova 464/118, Brno, 612 00, Czech 

Republic; email: Stepan.Krobot@vut.cz 

Keywords: slow-release fertilizers, polyhydroxyalkanoates, poly(3-hydroxybutyrate), coating, 

nitrogen-based fertilizers

Fertilizers are crucial in meeting the increasing 
demand for food in agriculture. However, excessive 
concentrations and uncontrolled leaching of nutrients 
contribute to environmental pollution by increasing 
reactive, unassimilated nitrogen levels. This study explores 
the formulation and characteristics of slow-release 
fertilizers coated with fully biodegradable poly(3-
hydroxybutyrate), offering a gradual nitrogen release 
without soil pollution. 

Urea, a nitrogen fertilizer, was pelletized and then 
coated with a solution of poly(3-hydroxybutyrate) in 
dioxolane, forming a thin, high-quality polymer coating. 
Testing revealed that some coated pellets retained 
excellent resistance even after 76 days submerged in 
water. Pot experiments conducted in Mitscherlich 
vegetation vessels assessed the impact of these coated 
fertilizers on maize growth and soil nitrogen release 
dynamics. Results demonstrated that utilizing these 
coated fertilizers effectively supplies maize plants with 
necessary nutrients while ensuring the poly(3-
hydroxybutyrate) coating does not impede maize growth. 
[1,2] 

Our coated pellets containing 50% fertilizer with 50% 
P3HB showed excellent resistance and even after 76 days 
in water, only 20% of the urea content was released. 
According to a review of controlled-release fertilizers by 
Lawrencia et al. [3], such fertilizer release in the water 
environment corresponds more to fertilizer with 
a polymer-based coating than fertilizer with a natural 
polymer-based coating. We proved the feasibility of P3HB 
as a filler and coating material. By adjusting filler content 
and coating thickness, we could design the period of the 

agrochemical release from the formulation. Effective P3HB 
coating could also be used for seed protection. 

The pot experiment results proved coated fertilizers as 
a possible option to improve nutrient use efficiency, 
reduce nitrogen losses, and minimize environmental 
pollution while providing nitrogen to plants more gradually 
during vegetation, 

Our research on controlled-release fertilizers with 
biodegradable coating involved coated formulations with 
urea and P3HB filler. We were able to prepare these pellets 
on a quarter-operational pelletizing device and coat them 
in larger quantities in a coating drum. This technology 
could be transferable to the industry. A careful study of the 
biodegradation of these fertilizer formulations in soil and 
research into the long-term effect on soil composition 
under field conditions will also be needed. 

 
Figure 1: Tests of prepared P3HB coated slow-release 
fertilizers with maize
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The increasing demands for sustainable agriculture 
require innovative approaches to achieve comparable 
yields with reduced use of conventional fertilisers, hence 
improving the environmental sustainability of agricultural 
practices and preventing irreversible damage to fertile 
land. Among these innovative technologies belongs 
development of biofertilizers that inoculate soil with plant 
growth-promoting rhizobacteria (PGPR), the wide group of 
microbes known for their beneficial effects such as 
nitrogen fixation, phosphate dissolution, siderophore and 
phytohormone production [1], and the synthesis of 
protective exopolysaccharide alginate and intracellular 
polyhydroxyalkanoates serving as a carbon source under 
stress conditions [2]. 

The research introduces a novel concept of biofertilizer 
production using well-known PGPR Azotobacter vinelandii 
for in-situ self-encapsulation in gel carrier via crosslinking 
of the alginate produced during culturing of the bacterium. 
This concept simplifies the preparation procedure with the 
possibility of reducing costs and increasing the 
competitiveness of the whole process. The validation of 
this concept involved subjecting selected strains to 
gelation experiments under alginate gel formation using a 
2 wt. % CaCl2 cross-linking agent.  Azotobacter vinelandii 
strains DSM 87, DSM 720, DMS 85, DSM 13529, DSM 576, 
and CCM 289 were chosen for the preparation and 
characterisation of bioinoculants. Among these, 
Azotobacter Vinelandii CCM 289 was preferred due to its 
high alginate production, effective gelation ability, and 
confirmed capacity to produce indole-3-acetic acid and 
siderophores. 

A pilot cultivation experiment was conducted 
on a model plant (Lactuca sativa) with the addition 
of different PGPR carrier compositions, where each 

application form was marked with the appropriate colour 
(Table 1), and each application form or group contained 8 
plants (in total of 40). During the whole cultivation 
experiment, drought stress was induced in the plants 
by low irrigation and therefore soil moisture in the range 
of 12.2-24.0 %. After 29 days, the basic parameters of the 
plants in the form of fresh weight, dry weight, as well 
as leaf length, root length, chlorophyll a, chlorophyll b, 
and carotenoid content were analysed. 

Table 1: Overview of the different PGPR carrier 
compositions 

Colour group Carrier composition of PGPR 

Red Cells in PBS  

Yellow Gel without cells 

Green Gel with cells 

Blue Freeze-dried gel with cells 

White Negative control (without any addition) 

 
All data are presented as relative values with respect 

to the negative control, defined as 100 %. All groups 
of plants treated with the PGPR carrier composition 
showed significantly higher values of fresh and dry weights 
compared to the negative control, and the yellow group 
showed the highest increase in fresh and dry weights 
at 3293±989 and 1353±282 %, respectively. The highest 
leaf length was also observed in the yellow group, reaching 
325±19 %. The most significant increase in root length was 
recorded in the blue group by 174±28 %. The chlorophyll a 
and chlorophyll b values were highest in the green group 
by 110±24 % and 156±43 %, respectively. The negative 
control contained the highest carotenoid content, in the 
treated cultures, the relative content ranged between 
46±18 % (red group) and 100±51 % (white group). 
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Microplastics are a long-term, significant threat to the 
environment as well as organisms, and are nowadays 
ubiquitous in the environment. Among all environmental 
realms, the hydrosphere stands out as a primary reservoir 
for the majority of microplastics.  

Due to several specific properties (small particle size 
combined with large surface area, hydrophobicity), 
microplastics tend to adsorb several hydrophobic 
substances on their surface from the environment [1, 2]. 
Among substances commonly found adsorbed on the 
microplastics surface is 78 % of chemicals listed as “priority 
pollutants” by Environmental Protection Agency (EPA) 
(bioaccumulative, persistent and/or toxic). Unlike organic 
compounds, the presence of metals adsorbed on 
microplastics has been studied for a significantly shorter 
time [3]. 

Experiments were performed with 5 common heavy 
metals (Pb, Hg, Zn, Cu and Cd) and PET, a widespread 
polymer, with the use of atomic absorption spectrometry 
(F AAS, GF AAS). Experiments were carried out in two 
laboratory prepared environments (fresh water and sea 
water), that aimed to stimulate real-world conditions. The 
polymer was used in two fractions - small fraction 
(<0.63 𝜇𝑚) and big fraction (0.63 𝜇𝑚−1 𝑚𝑚) to illustrate 
impact of MP particles size on the adsorption process.  

 
Figure 1: Interaction of of different types of microplastics 
with HMs [4] 

The differences between small and big fraction varied 
among the metals, with no clear observable trend. This 
suggest that other factors than the size of the active 
surface of MPs, played more prominent role. With regards 
to the water conditions, increased ionic strength in sea 
water clearly hindered adsorption process, which can be 
attributed to phenomena such as competition for 
adsorption sites, electrostatic repulsion, MPs aggregation 
and formation of complexes. All data have been fitted with 
Langmuir, Freundlich and Temkin adsorption isotherms. 

The determined preferred adsorption models vary - Zn 
follows the Freundlich adsorption model the most, Hg and 
Cd follow the Langmuir adsorption model, while Pb and Cu 
yield best results with Temkin adsorption model. 
Considering the maximal adsorbed amounts (and 
therefore, the adsorption capacity of PET for the given 
metal), metals can be ordered as follows: Hg < Cd < Zn < Pb 
< Cu. While the sorption of hydrophobic organic pollutants 
in aquatic environments is well documented, the sorption 
of heavy metals remains poorly understood. The 
differences in adsorption processes for varying ionic 
strength conditions demonstrate the importance of 
further research on the adsorption of heavy metals on 
microplastics regarding the environmental conditions they 
occur in real life. This means considering the factors as 
environment and MPs condition, studying the HMs 
adsorption on MPs regarding other entities present in the 
aquatic environment, such as other contaminants (i.e., 
organic pollutants), microorganisms and organic matter, 
among others, and using real, collected weathered 
microplastics, as those tend to have higher adsorption 
capacities. In some of the experiments, the adsorption 
curves have not fully reached the plateau stage yet, 
indicating higher concentrations might be needed in future 
experiments. 
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Burning coal is an important source of energy, but it 
carries with it several risks, namely CO2, NOx and SOx 
emissions. Renewable sources have started to be used to 
reduce these emissions. One of the renewable sources is 
biomass, which is burned together with brown coal. The 
co-combustion of brown coal and biomass has shown 
positive results in reducing emissions (CO2 and SOx). 
Biomass is considered a carbon-neutral fuel because it 
absorbs a large amount of CO2 from the atmosphere as a 
result of photosynthesis. The basic components of coal and 
biomass are the elements C, H, O, N and S. Coal also 
contains risk elements such as Hg, Pb, Cr and Cd. By 
burning coal, these hazardous elements are then released 
into the flue gas and subsequently released into the air, 
from which they can enter the soil, water sources and the 
food chain. For this reason, technologies have been 
developed for flue gas cleaning, such as cyclone 
separators, electrostatic separators or fabric or ceramic 
filters. The generated secondary energy products, which 
include fly ash and bed ash, are deposited in an ash sludge 
disposal facility or are treated as a product.  

This study deals with the determination of the content 
of the risk elements Hg, Cr, Pb and Cd in the samples 
provided by Thermal Power Plant X. During the annual 
monitoring, samples of brown coal, biomass, fly ash, bed 
ash, water from the tailings pond and river water used for 
cooling were sampled every month. Atomic absorption 
spectrometry (AMA 254 and ETAAS) was used for the 
determination. Concentrations of risk elements in brown 
coal and biomass samples decrease in the order Cr > Pb > 
Hg > Cd, and in fly ash and bed ash samples decrease in the 
order Cr > Pb > Cd > Hg. Overall, it was evaluated that the 
contents of risk elements after the co-combustion of 
brown coal and biomass passed mainly into the fly ash and 
less into the bed ash. It was found that by burning a higher 
amount of biomass, the content of Hg, Cr and Pb in fly ash 
and bed ash decreased. The water samples were classified 
as unpolluted water according to the specified 
parameters. In general, thermal power plants are still 
currently a source of pollution, not only in the locality of 
their operation, but also in terms of long-distance 
transport of pollutants. Although Thermal Power Plant X 
complies with the emission limits, its operation is an 
anthropogenic source of air pollution in the long term. 
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Figure 1: A) brown coal, B) biomass, C) bed ash, D) fly ash
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Biomass based activated carbons present a common 
adsorbent for decontamination of environment. Despite 
its undeniable advantages, its use is also associated with 
problems. Powdered activated carbon is difficult to 
separate, and the pelletized form has much poorer 
adsorption properties. The solution may be to prepare 
layers of porous carbon on a suitable support. 

In this research, several methods of synthesis of thin 
porous carbon layers on ceramic foam as a support were 
tested.  

The dip-coating of pieces of ceramic foam made of α-
Al2O3 with suitable carbon precursors was adopted as a 
basic approach.   

As a main precursor, commercial wood tar in a 
mixture with formaldehyde (sample TS) and HCl (THS), 
oxalic acid (TOS) or both (THOS) was used [1]. For 
comparison, sucrose (Sc) [2] and phloroglucinol (PGS) [3] 
solutions were also tested. All prepared materials were 
carbonized at 500 °C for one hour in a flow of nitrogen.  

Combustion analysis showed that the prepared 
materials varied in carbon content (w/w) - TS (2.45%), THS 
(1.6%), TOS (1.6%), THOS (1.49%), Sc (9.85%), PGS 
(4.23%). Although Sc showed the highest amount of 
carbon, the surface layer was brittle and peeled off very 
easily. The other samples showed a good mechanical 
stability. 

Porosity of prepared materials was characterized by 
iodine adsorption. Comparing the results with substrate 
itself showed increased porosity of samples equipped 
with carbon layer (PGS>Sc>TS>THS>THOS>TOS). 

Application testing was realized as adsorption of 
methylene blue (MB) from aqueous solution (50 mL, 15 
µmol/L, 1 piece of adsorbent, stirring, 40 minutes). 

Determined absolute adsorbed amount of MB per one 
piece of tested material was recalculated to a gram of 
carbon present in the surface layer (Figure 1). 

 
Figure 1: Adsorbed amount of methylene blue on 
prepared samples (related to g of carbon present in 
surface layer) 
 
Sucrose based sample was found to be the best adsorbent 
under given conditions. Considering its mechanical 
instability, for practical applications the wood tar-based 
samples seem to be better. Surprisingly, preparation 
without any catalyst (sample TS) provides the most 
efficient adsorbent in this series. 

This study concludes the applicability of biomass tar 
for very simple making thin and porous carbon layers on 
the ceramic support. Optimizing the synthetic procedure 
promises obtaining cheap, efficient and easy to handle 
adsorbent for water remediation.
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Microplastics contribute to various environmental 
issues and serve as carriers for a wide range of toxic 
compounds such as pesticides, pharmaceuticals, and 
metal ions. Consequently, there is a gradual shift towards 
replacing them with biodegradable plastics (bioplastics). 
However, biodegradable plastics require specific 
conditions for complete biodegradation, and their 
biodeterioration often leads to the rapid production of 
smaller fragments, known as microbioplastics.  

In this poster, we summarize selected issues related to 
the impact of plastic particles on soil properties and the 
soil microbiome. Findings from numerous studies indicate 
that both microplastics and microbioplastics induce 
adverse changes in soil microbiology, potentially 
increasing the abundance of soil-borne pathogens. Based 
on these observations, we argue that plastic particles 
could serve as carriers for colonies of soil-borne 
pathogens. 

Furthermore, the use of bioplastics may exacerbate 
this issue due to their easier and faster formation,  

increased support for biofilms, and more pronounced 
adverse effects on soil biota. However, further research is 
necessary to either substantiate or refute this perspective. 

 
Figure 1: Illustration of the view described in the poster. 
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The membranes gradually become fouled when water 
is treated using pressure separation processes. Fouling 
occurs in all types of membranes (Microfiltration - MF, 
Ultrafiltration - UF, Nanofiltration - NF and Reverse 
Osmosis - RO). Fouling is a normal part of membrane 
operation. Backwash, forward flush, or, in a more extreme 
situation, Clean in Place (CIP) is regularly performed before 
fouling. However, the CIP process is less gentle on the 
membrane due to the use of aggressive chemicals [1,2]. 
To reveal what the membranes are contaminated with, 
we used scanning electron microscopy (SEM) as one of the 
methods. 

Figure 1 is an SEM image of the reverse osmotic 
membrane from the permeate side (i.e., the permeate 
drain side). Figure 2 is an SEM image of the cleaned reverse 
osmotic membrane from the concentrate side (i.e., the 
influent and effluent side of the concentrate). 

 
Figure 1: Surface of the reverse osmosis membrane from 
the permeate side 

 
Figure 2: Surface of the cleaned reverse osmosis membrane 
from the concentrate side 

Using electron microscope images, we can detect 
mechanical wear on the membrane and determine how 
much contamination remains after the CIP method. Using 
SEM mapping, we can obtain images showing the middle 
layer of the RO membrane, which is composed of 
microporous polysulfone. This allows us to distinguish 
worn or fouling clogged areas on the membrane. The most 
common reason for clogging is organic matter covering the 
entire membrane on the concentrate side. In addition, 
carbonates and residues of coagulant and antiscalant are 
most likely. 

The current goal is to map the membranes and 
determine what pollution is fouling them. These were 
membranes where even the CIP method no longer helped. 
Continued research on the membranes will test 
appropriate membrane-cleaning procedures. 

……………………………… 
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Lettuce, as one of many types of edible vegetables, is 
often grown hydroponically to maximize yield, reduce soil-
related issues, and save water. Given that lettuce is 
composed of 95% water, it is particularly well-suited for 
hydroponic cultivation. This method frequently utilizes 
wastewater, which is cost-effective and sustainable. 
However, such water can be contaminated 
with pharmaceuticals, in some cases as up to 90% of 
ingested medication is excreted in its original form. 
Additionally, wastewater may contain metabolites and 
degradation products of these pharmaceuticals. All of 
these substances can be absorbed by the crops, 
particularly through their roots. This can lead to the 
translocation of these compounds into the leafy edible 
parts of the lettuce. Furthermore, the presence 
of pharmaceuticals in the water can lead to the formation 
of further metabolites. 

This contamination not only fosters the emergence 
of antimicrobial resistance but also presents health risk 

due to prolonged exposure to these residues. However, 
current monitoring practices often focus solely on 
quantifying parent drugs, leading to an underestimation of 
health risks associated with the consumption of grown 
vegetables. 

Therefore, the novelty/benefit of this study lies 
in the development of a novel high-throughput workflow 
for identifying pharmaceutical metabolites (Met-ID) using 
LC-HRMS. Unlike commercially available software, 
our approach utilizes our own python script and open-
source software with accessible algorithms, allowing 
for scientific scrutiny and validation of the process. 
Specifically, software tools were utilized for: 1) Metabolite 
structure prediction, 2) In Silico spectral library prediction, 
3) Data processing, and 4) Statistical data evaluation. 
Additionally, LC-qTOF measurements were conducted 
in both ESI+ and ESI- modes, employing both Data-
Dependent Acquisition (DDA) and Data-Independent 
Acquisition (DIA) modes to assess their efficacy in Met-ID. 

 
Figure 1: High-Throughput Workflow for Pharmaceutical Metabolite Identification in Lettuce Samples 
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Hyaluronan is negatively charged polysaccharide and is 
one of the main components of extracellular matrix of all 
vertebrates, thus it is without doubt, that interactions of 
hyaluronan with charged biological surfaces, such as cell 
membranes, have an essential role in in vivo processes. 
Despite that, relatively little information exists on the 
adsorption of hyaluronan.  

In recent study was shown, that phase-sensitive 
alternating current voltammetry in phase-out mode can be 
used to study adsorption and desorption behavior of 
polysaccharides that do not contain redox centre or free 
amine group, such as hyaluronic acid [1]. This method 
allows separation of faradaic and capacitive electric 
current components as a function of electrode potential. 
Changes in capacitive current indicate 
adsorption/desorption processes occurring in the solution. 
Hanging mercury drop electrode is most commonly used 
because of its hydrophobic surface, which enables 
measurements of not only electrostatic interactions but 
also hydrophobic. 

 
Figure 1: Voltammogram of native hyaluronan in acetate 
buffer 

In the present study we use this method to observe 
adsorption and desorption processes of native hyaluronan 
and reduced hyaluronan derivatives at charged 
hydrophobic interface of mercury electrode in different 
buffered solutions. Electrostatic and hydrophobic 
interactions were distinguished for native hyaluronan as 
well as for its reduced derivatives.  

In accordance with our assumptions, hydrophobic 
interactions are more prominent in derivatives, while 
electrostatic in native hyaluronan. Moreover, in the case 
of derivatives the shape of voltammograms corresponds to 
the degree of reduction, with the most distinct differences 
in the area of hydrophobic interactions. Subsequently, 
adsorption isotherms of native hyaluronan and its reduced 
derivative were plotted, and critical concentration of 
saturation was obtained for both samples. 

Results showed that reduction of carboxyl groups in 
hyaluronan enables its chains to form stronger 
hydrophobic interactions with each other or with other 
polymers or surfaces at a price of slightly weaker 
electrostatic interactions in comparation to native 
hyaluronan. This also means weaker repulsive electrostatic 
interactions between chains with the same charge which 
leads to higher viscosity above the concentration of 
entanglement and better mucoadhesion compared to 
native hyaluronan [2]. 

Based on these findings we can conclude that the 
reduction of carboxyl groups led to such changes in 
derivatives properties that noticeably increase its 
application potential in suitable indications, such as 
viscosuplementation or ophthalmology [2].  
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One of the directions of the current chemistry is the 
creation of environmentally friendly processes and the 
production of chemicals from renewable resources. For 
these purposes, so-called green solvents, substances with 
low or zero toxicity that can be produced from renewable 
sources, appear to be suitable candidates. One of the most 
promising green solvents is γ-valerolactone (GVL, see 
Fig. 1), which can be obtained by processing lignocellulose, 
the most abundant renewable biopolymer on Earth [1]. 
Aqueous mixtures of green solvents are also of interest 
due to a phenomenon called hydrotropy, i.e., increase in 
the solubility of hydrophobic substances by adding small 
amounts of water to a pure organic solvent [2-3]. 
Hydrophobic substances (e.g., pharmaceuticals, natural 
substances, or biopolymers) represent an industrially 
important class of compounds, which solvation and 
dissolution is, however, a complex process. Complete 
characterization of macroscopic properties of hydrotropes 
mixtures and understanding of their microscopic structure 
driving interactions and forces is essential to understand 
the mechanism of solvation and dissolution action. 

In this work, a combination of theoretical and 
experimental approaches was applied to study aqueous 
GVL mixtures over the entire composition range and at 
temperatures of 278-328 K. The volumetric, transport, 
thermodynamic and structural properties of these 
solutions were studied, in particular the excess volume, 
viscosity deviation, diffusion and activity coefficients. 
Utilizing novel experimental data, a thermodynamically 
consistent microscopic model was obtained which in turn 
provides insight into solution structure (spatial and radial 
distribution functions) and points to the key interactions 
occurring in these systems at the atomic level. 

The microscopic insight relies on molecular dynamics 
(MD) simulations using GROMACS software. Evaluation of 
MD trajectories provided the structural and macroscopic 

properties of studied solutions. The experimental part 
consisted in directly measuring the density, viscosity and 
thermodynamic activity of aqueous mixtures, evaluating 
the corresponding derived quantities and describing them 
using appropriate models (Redlich-Kister expansion, 
thermodynamic models based on excess Gibbs energy).  

Based on the thermodynamic results obtained, it can 
be concluded that several specific interactions occur in 
GVL/water mixtures, leading to significant deviations from 
the ideal behavior. Moreover, the results of MD 
simulations indicate presence of a strong anisotropies in 
GVL hydration and solvation and potential existence of 
transient nanostructures in solution. The knowledge of 
GVL/water mixtures behavior can lead to better 
understanding of the hydrophobic compounds’ dissolution 
mechanisms, design and optimization of sustainable 
processes at desired conditions.  

Figure 1: Strong anisotropy of spatial distribution of the 
GVL carbonyl oxygen (gold) and of the water molecule 
(oxygen in red, hydrogen in white) around the GVL 
molecule at 10mol% mixture 
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Rheology of viscoelastic materials is considered to 

determine the amount of elastic and viscous response for 

better understanding the behavior at processing as well as 

application conditions. Nowadays this method is also used 

in the biological field, since biofluids consist of an aqueous 

solution with certain long chain macromolecules, as 

proteins among others. The flow behavior of fluent 

materials can provide information about the amount of 

viscous or elastic molecular movement. According to 

different measuring types rheology can be divided into 

macro- and microrheology.  

Macrorheology is an active operating method, referring to 

the measuring mode either the shear stress is applied and 

the shear rate is determined or vice versa. For small shear 

rates marcrorheology provides valuable information.  

Comparing to marcrorheology, passive microrheology is a 

non-destructive method, using tracer particles driven by 

thermal energy (Brownian motion) which applies only 

minimal deformation to the estimated medium. This 

method is interesting for the biological field, due to the 

fact that the measuring process only needs some μl sample 

volume. Microrheology offers data in higher shear rate 

range than macrorheology, therefore the data of both 

methods are complementary.  

In our study, cerebrospinal fluid (CSF) from patients after 

subarachnoid hemorrhage (SAH) was analyzed using 

macro- and microrheology at physiological relevant 

temperatures. Different conditions in the human body 

were simulated by measuring the samples at these specific 

temperatures (5°C, 35°C, 37°C, 40°C), as the storage 

temperature in refrigerator – undercooled – physiologic –  

and elevated body temperature.  

The results were compared between these two 
methods and opposed with preliminary correlations 
between macrorheological and laboratory parameters of 
cerebrospinal fluid. These studies show, that there are 
dependencies on certain disease patterns of patients, as 
well on the time elapsed since subarachnoid hemorrhage. 
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Hydrogels are unique disperse systems consisting of 
three dimensional network of cross-linked polymers and 
aqueous environment [1]. These materials are nowadays 
often utilized in food industry as gelling agents and 
stabilizers, however, they are also increasingly used in the 
areas of tissue engineering, as wound dressing, drug 
delivery systems or as scaffolds, since these materials are 
often biocompatible and biodegradable [2, 3]. Moreover, 
due to their similar properties to living tissues (high water 
content, favorable mechanical properties), hydrogels can 
be utilized also as materials imitating extracellular matrix 
(ECM) [4, 5].  

Since hydrogels are materials, which usually report 
viscoelastic behavior, they are commonly studied via 
oscillatory rheological measurements, where the sample is 
studied in its bulk form. However, rheological properties 
can be also studied by the methods, so called 
microrheological methods. In this case we are gathering 
valuable rheological information about the studied 
samples on their microscale by tracking a probe 
incorporated into the hydrogel. These information are of a 
great interest for example for gel-like materials utilizing as 
potential drug carriers or ECM models, since the local 
rheological behavior is closely related to the transport 
through the gel 

In this presented study, rheological properties of 
gellan and agarose hydrogels were studied by the marco- 
as well as microrheological approach. In case of the 
microrheological technique, fluorescence correlation 
spectroscopy (FCS) was utilized. 

From the obtained results for gellan hydrogel 
(Figure 1), it can be seen, that the microrheological 
approach substantially extended the range of the 
frequency in which the viscoelastic moduli can be studied. 
From the macrorheological point of view, the material 
behaves like a viscoelastic solid in the whole frequency 
range measured, since the storage modulus is higher than 

the loss modulus. On the other hand, from the gathered 
FCS data in the lower frequencies, gellan gel reports 
viscoelastic liquid behavior roughly up to 1 Hz. After 
exceeding this point, crossover of moduli can be observed, 
followed with the domination of storage modulus over the 
loss modulus. FCS also underestimates the values of both 
the storage and loss moduli by two orders of magnitude 
when comparing to macrorheological approach. That 
could cohere to the way the sample is viewed. The 
microrheological probe of the size 50 nm “sees” the 
microstructural elements of the sample, which could be 
much more compliant than the whole structure, which is 
studied via the parallel plates of the rheometer. 

 

 
Figure 1: Comparison of viscoelastic moduli of 1% gellan 
gel obtained by FCS and macrorheology 

In conclusion, it should be noted, that both the 
macrorheological and microrheological approach provide 
valuable information about the mechanical properties 
when studying hydrogel materials, since each of the 
approaches study the sample in a different way. Finally, 
comprehensive rheological characteristics can be obtained 
when utilizing both of them. 
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Sodium alginate represents a pioneer gel-forming 
component in the field of materials engineering, known for 
its unique capabilities such as high biocompatibility, low 
toxicity, and especially its ability to form strong, flexible gel 
structures with excellent stability. This polymer was the 
focus of the present study, which deals with the 
preparation of alginate gels with the potential to influence 
their final application properties (transparency, syneresis, 
viscoelastic properties, etc.). Two strategies were selected 
leading to the gelation of sodium alginate, namely ionic 
cross-linking by the external gelation method (diffusion 
of calcium ions into the alginate sol) and ionic cross-linking 
by the internal gelation method (delayed gelation using 
limited soluble calcium salt and D-glucono-δ-lactone). 

 
Figure 1: Scheme of ionic cross-linking of alginate by the 
internal gelation method. 

Subsequently, optimization of the preparation of 
alginate gels was performed, their mechanical properties 
were characterized using selected rheometric tests 
(amplitude sweeps with shear deformation and time 
sweeps), and finally, the influence of several factors 
(polymer concentration, amount of cross-linking agent, 
gelation time, addition of sucrose, etc.) on the final 
properties of the prepared gels was investigated. 

It has been demonstrated that as the polymer 
concentration decreases, the mechanical strength of the 
gels also decreases, while, for example, the transparency 
of gels with lower polymer concentrations increases. The 
amount of cross-linking agent used plays an important 
role; with its addition, the degree of cross-linking 
increases, and consequently, the mechanical strength of 

the alginate gel also increases. The final properties of the 
hydrogels can also be influenced by the gelation rate, 
which affects, for example, their homogeneity (gels 
formed at a higher gelation rate tend to be less 
homogeneous). In the presented work, it was possible to 
slow down the gelation rate by adding phosphate ions, 
which led to higher homogeneity of the prepared gels but 
did not significantly affect their mechanical properties. 

A major issue in the preparation of hydrogel materials 
is also a phenomenon known as syneresis, which is 
generally undesirable. The present work demonstrated 
that, in some cases, this phenomenon can be slowed down 
by adding sucrose to the alginate sol before gelation. 
Another significant contribution of this work is the finding 
that, in ionic cross-linking of alginate by the external 
gelation method, not only the type of cation affects the 
final properties of the gels, which is a well-known fact, but 
in some cases, the type of anion used also influences the 
final properties of the gels. 

An interesting part of the work is also the optimization 
of the analysis of the mechanical properties of alginate gels 
through compression tests. During these tests, the sample 
is compressed in the rheometer between two planar 
sensors, and the normal force exerted by the sample on 
the upper plate of the rheometer is recorded. This is one 
of the most easily visualizable rheometric tests. 

 
Figure 2: Squeeze tests performed on alginate beads at 
different sample compression speeds. 
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One way how to prepare hybrid hydrogels is the 
gelation of a natural polymer and a synthetic crosslinking 
agent. These materials with high water content could have 
wide field of applications: in drug delivery, as scaffolds, in 
tissue engineering or regenerative medicine. The most 
important parameter is the mechanical resistance of these 
materials to external influences depending on the specific 
application therefore the optimal conditions in 
preparation of these materials are crucial. 

The aim of this work was to prepare hybrid gellan 
hydrogels based on the combination of physical 
crosslinking and ionic interaction of the functional groups 
of gellan (Figure 1) with multivalent ions of selected 
metals.  
 

 
Figure 1: Gellan structure 
 

The hydrogel samples (one example in Figure 2) were 
characterized by rheometry to obtain information about 
the mechanical properties. The additional swelling 
behavior was tested in distilled water and the rate of 
drying was determined using the drying scales. 

 

 
Figure 2: Illustration of gellan hydrogels crosslinked with 
Fe3+ ions. 
 

It was found that the hydrogels with the addition of 
multivalent ions exhibit a higher degree of crosslinking of 
the network which positively affects the resulting 
mechanical properties of the hydrogels. Those properties 
could be modified using different ions and their 
concentration to obtain suitable hydrogel material for 
subsequent application.
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In recent years, there has been growing interest in 
developing novel chemical and biological soil amendments 
within the framework of sustainable agriculture. One of 
the revolutionary approaches in the production of soil 
bioinoculants is represented by the recently proposed self-
entrapment of Plant Growth Promoting Rhizobacteria 
(PGPR) by gelation of their own extracellular 
polysaccharides. A common method for the gelation of 
sodium alginate involves the use of multivalent cations, 
such as calcium ions (Ca2+), which facilitate cross-linking 
and network formation within the alginate structure. 
However, the efficiency of alginate gelation and the 
stability of resulting gels depends on three critical 
structural parameters of the polymer: molecular weight, 
(de)acetylation, and monomer composition. These factors 
influence the physical properties of the resulting hydrogel, 
including its strength, porosity, and biodegradability, 
which are crucial for its effectiveness as a carrier for PGPR. 
Understanding and optimizing these parameters can 
enhance the functionality and reliability of alginate-based 
bioinoculants. The characterization of the monomer 
composition is the focus of this work. 

For the study of the monomer composition of sodium 
alginate, which is made up of L-guluronic acid blocks (poly-
G) and D-mannuronic acid blocks (poly-M), the methods of 
ATR-FTIR, RAMAN microspectroscopy, and FT-RAMAN 
spectroscopy were utilized. Initially, a series of calibration 

samples were prepared from mixtures of commercial 
standards of poly-G and poly-M. These samples provided a 
controlled basis for analysis, allowing for precise 
measurement of spectral data. The obtained results were 
analyzed by principal component analysis (PCA), the 
method that determines the directions of the highest 
variability within the spectral data. PCA facilitated the 
identification of two significant peaks corresponding to the 
monomeric composition's influence on the analyzed 
spectra. These were observed peaks at wavelength 
820 and 950 cm-1. The ratio of these peaks was found to 
correlate with the known content of poly-G in each 
calibration sample. Consequently, calibration curves were 
constructed for all tested spectroscopic techniques, 
enabling the quantification of poly-G concentration in 
commercial sodium alginate samples. In conclusion, while 
our study presents a promising method for determining 
the poly-G concentration in sodium alginate using 
techniques of vibrational spectroscopy, further research is 
needed to validate and refine this approach. Exploring 
additional methodologies will be crucial in confirming our 
findings and improving the accuracy and reliability of this 
analytical technique, ultimately contributing to more 
precise characterizations of sodium alginate in various 
applications, including research and development of 
alginate-based bioinoculants. 
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Atomic force microscopy (AFM) is a unique, high-
resolution imaging technique which allows to investigate 
the surface topography of various (including semi-solid) 
materials at the nanoscale. AFM is particularly 
advantageous for studying soft, semi-solid and 
heterogenous materials, such as biological samples, 
polymers and hydrogels in swollen state, because it can 
operate in various environments including air and liquid. 

The force spectroscopy using AFM was employed for 
the study on mechanical properties at the nanoscale of 
semi-solid polysaccharide hydrogels, which is the 
technique especially valuable for revealing the information 
about the sample’s stiffness, elasticity and/or adhesion 
properties in their native environments.  

Despite the fact that the advantages of force 
spectroscopy prevail, there are also some limitations and 
disadvantages in the study of hydrogel systems: i.) 
Hydrogels are soft and highly deformable materials, 
unfortunately because of this the AFM sharp tip can easily 
indent or damage the hydrogel, leading toe measurements 
that may not accurately reflect the native properties, ii.) 
the interactions between the AFM tip and the surface of 
hydrogel can be complex. For instance, the AFM tip might 
stick to the hydrogel due to its high-water content, leading 
to artefacts in the force spectroscopy measurements, iii.)  

the sort, highly hydrated nature of hydrogels can cause the 
AFM tip to become contaminated with hydrogel material 
during scanning. This complicates the interpretation of 
force-distance curves and may leading to artifacts in the 
force measurements, iv.) the nature (i.e. the presence of 
pores as well as polymer chains) of hydrogel samples can 
cause the relatively poor repeatability of force 
spectroscopy measurements if the standard (sharp, 
pyramidal) tips are used.  

Due to the above-mentioned disadvantages of force 
spectroscopy in standard mode (i.e. with standard 
geometries), we decided to perform a targeted tip 
modification leading to tips with tailored tips for the 
measurement of hydrogel systems. Commercial tipless 
silicon nitride cantilevers (NP-O10, Bruker) were 
functionalized by 10 mm melamine spheres. The success 
of the modification was tested by scanning electron 
microscopy (Fig. 1).  

The applicability of the functionalized tips was tested 
on polysaccharide (agarose) hydrogels. The results suggest 
that using modified tips compared to commercial sharp 
tips (TESPA-V2) gives more reliable results with higher 
reproducibility. 

  
Figure 1: Tipless silicon nitride cantilevers for tip functionalization (left), functionalized cantilever with large 10 m spherical 
tip (right) 
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Hydrogels are defined as systems containing a three-
dimensional network of polymer chains filled with water, 
finding versatile applications in wound dressings, 
controlled drug release, and scaffolds for tissue 
engineering [1]. Mechanical properties of hydrogels are 
essential for these applications; therefore, it is important 
to be able to analytically characterize them and 
understand all possible variables that influence these 
properties. The macro-rheological behavior of these 
materials is closely linked to their internal architecture, 
with mesh size and bond strength between nodes playing 
crucial roles in understanding their viscoelastic 
characteristics. 

This study focuses on semi-interpenetrating hydrogels 
consisting of physically crosslinked polyvinyl alcohol 
(PVAl), chemically crosslinked poly(hydroxyethyl 
methacrylate) (pHEMA), and sodium polystyrene sulfonate 
(PSS) acting as the interpenetrating component. 
Rheological tests involving amplitude sweep and 
frequency sweep tests were conducted to analyze their 
viscoelastic properties. The amplitude sweep test results 
(see Figure 1 for typical results) are utilized to determine 
the limit of the linear viscoelastic region (LVR), which 
indicates the range within which the structure of the 
samples is intact. Within the LVR region, we evaluated the 
values of G' and G'', revealing the elastic and viscous, 
respectively, nature of the sample deformation behavior.  

In addition, frequency sweep tests were conducted to 
describe the time-dependent behavior of the samples 
under non-destructive deformation. These tests provide 
crucial insights into the behavior and internal structure of 
polymers, as well as the long-term stability of dispersions.  
Using the data obtained, simple mathematical approaches 
were applied to calculate critical architectural parameters 
such as mesh size and crosslinking density [2]. These 
calculations allowed connecting the observed behavior of 
the hydrogels with their internal structure. 
 

 
Figure 1: Typical results from amplitude sweep tests for 
PVAl hydrogels crosslinked with borax (0 PSS without and 
1 PSS with 0.1 wt. % interpenetrating component). 

To complement these rheological analyses, we used 
scanning electron microscopy (SEM) and atomic force 
microscopy (AFM) to study the internal structure of the 
hydrogels. This interdisciplinary approach allowed for a 
detailed understanding of how structural features 
influence mechanical properties. Despite providing 
different and distinct information about network size, each 
method revealed a consistent trend across the samples. 
Therefore, individual methods can offer valuable 
complementary insights into the structure of hydrogels on 
their own; however, to obtain a comprehensive 
understanding, it is necessary to combine these methods. 

Linking the viscoelastic properties with the internal 
structure of hydrogels offers significant insights for 
designing and optimizing preparation of hydrogel 
materials. These insights are crucial for advanced uses of 
these materials in tissue engineering, drug delivery, and 
other medical fields. Understanding the relationship 
between the mechanical properties and internal structure 
of hydrogels is key to developing efficient hydrogel-
involving technologies. 
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The hybrid fiber reinforced UHPC (ultra-high performance 
concrete) combines two types of fibers with different 
properties to obtain synergistic effect [1, 2]. These types of 
blends are often used for the enhancement of the 
resistance to high temperature and mechanical properties. 
However, mixtures of polyvinyl alcohol or polypropylene 
fibers with steel fibers are often being used for these types 
of studies. This means that there is lack of the research 
delving into the hybrid reinforcement of UHPC with the 
mixture of steel fibers and PET (polyethylene 
terephthalate) fibers made from recycled waste mainly on 
the resistance of UHPC to high temperature [3-5]. Thus, 
the high temperature resistance along with other 
properties of the UHPC reinforced with a mixture of steel 
and PET fibers is investigated in this study. 

Two mixtures were made. One mixture contained 
2.0 vol. % of steel fibers while the second mixture also 
contained 0.125 % of the PET fibers. The specimens with 
the dimensions of 4 × 4 × 16 cm were prepared for the 
testing of mechanical properties after 7, 14 and 28 days 
and the specimens with dimensions 10 × 5 × 120 cm were 
prepared for the testing of high temperature resistance 
after 28 days. The mini-cone slump flow test was 
conducted before the fabrication of the specimens. 

The flexural and compressive strengths were then 
obtained according to the ISO 196-1 standard. The 

maximum stress was also recorded in the case of the 
flexural strength. The testing of high temperature 
resistance was done by laying the specimens with the 
dimensions of 10 × 5 × 120 cm onto the furnace and the 
testing according to the standards EN 1363-1 and ISO 834 
was conducted. Lastly, thin cross sections of composites 
before and after high temperature testing were cut and 
polished for BSEM (backscattered electron microscopy) 
imaging which mainly revealed the changes in 
microstructure caused by subjecting the specimens to high 
temperature. 

The addition of the PET fibers contributed to significant 
decrease in slump flow which is thought to be the main 
limiting factor for addition of more PET fibers. Secondly, 
the addition of the PET fibers into the mixture had 
statistically negligible effect on the mechanical properties. 
However, the high temperature testing revealed that the 
addition of the PET fibers into the mixture significantly 
reduces spalling of the cementitious composites. Lastly, 
the BSEM imaging validated the contribution of the PET 
fibers for the increase in the high temperature resistance 
in terms of their melting away during the subjection of the 
specimens to high temperatures. It also revealed very 
dense matrix of manufactured concrete.
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The Covid-19 epidemic has significantly increased our 
awareness of the risks associated with touching the 
various surfaces we encounter every day. Touch screens in 
shopping malls, fast food or airports have emerged as 
potentially dangerous sources of transmission of micro-
organisms, including bacteria and viruses. To reduce the 
risk of infection, special foil with antiviral and antibacterial 
properties have been installed on these screens. The low 
concentration of organic biocides and the effectiveness of 
photogenerated singlet oxygen make these foil not only 
effective but also safe for use in high human contact 
environments, which helps to protect public health. 

The principle of the self-adhesive printed foil with 
antiviral and antimicrobial function is a combination of 
organic biocides and special photosensitive substances 
that use light energy to produce reactive oxygen species. 
The key component in this printed layer is zinc 
phthalocyanine, a substance activated by sunlight or 
visible light in the 600 to 700 nm. Zinc phthalocyanine 
absorbs light, causing it to be excited to the triplet state. In 
the excited triplet state, phthalocyanine interacts with 
molecular oxygen. This interaction leads to quenching of 
the triplet state of phthalocyanine and energy transfer to 
the oxygen molecules. The transfer of energy to oxygen 
leads to the formation of singlet oxygen, a powerful 
oxidizing agent that destroys viruses and bacteria.  

The ability to produce singlet oxygen is an essential 
property of the prepared antibacterial foil. Therefore, to 
assess the antibacterial ability, it is crucial to develop a 
procedure to determine the rate of singlet oxygen 
production. Singlet oxygen is determined using the DPIBF 
indicator in hexane, where the loss of the indicator in 
solution is monitored using absorption spectra. 

 

 
Figure 1: SmartCoater 17 

The production of these self-adhesive printed films 
uses a SmartCoater coating machine with roll-to-roll and 
slot die application systems. These techniques enable the 
efficient and continuous application of thin printed layers 
with a thickness of 2 - 4 micrometers. The DektaXT contact 
profilometer with Vision 64 software is used to measure 
the thickness of these layers. The instrument enables 
accurate measurement of layer thickness at the 
micrometer level, which is important for production 
quality control and ensuring consistency of film properties. 
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Pad printing is one of the industry's most widely used 
printing methods. The method involves transferring an 
image from a printing mold (cliché) through a silicone 
stamp onto the surface to be printed. Its greatest 
advantage is the ability to print images on flat surfaces and 
surfaces of any shape. [1] Thanks to this versatility, pad 
printing is used for printing on advertising and gift items, 
as well as in many industries such as automotive, cosmetic, 
electrical, and medical. Because pad printing can be used 
on non-planar objects, it is ideal for printing with 
functional inks. For example, it is used for printing sensor 
layers on various types of substrates and for printing 
flexible electronics where thin and precise layers are 
required. 

To achieve correct printing, choosing the right printing 
form is essential – a cliché that significantly impacts the 
final prints. The cliché determines the transferred motif's 
shape and thickness, which is crucial, especially when 
printing functional inks. To ensure the best printing 
properties, polymer, steel, and glass clichés were 
produced and their properties were studied. The goal of 
optimizing the printing clichés was to use them for printing 
fluorescent markers for polymer material selection. 

The depth of the prepared clichés was determined by 
profilometry. Subsequently, prints of fluorescent markers 
using different clichés were compared in terms of the 
homogeneity and thickness of the prepared layers. The 
results of the profilometric measurement and the 

subsequent evaluation of print quality showed that 
fluorescent markers prepared using steel clichés exhibited 
the highest layer homogeneity. 

 
Figure 1: Pad printing scheme [2] 
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[1]  M. Kaplanová, Moderní polygrafie, Praha: Svaz polygrafických podnikatelů, 2009, p. 244–247. 
[2]  What is Pad Printing? Published July 17, 2018. Accessed June 28, 2024. https://artechpadprinting.com/pad-

printing/ 

Acknowledgement 
This work was financially supported by the Technology Agency of the Czech Republic within the National 

Centres of Competence Programme – Polymers for the 21st Century.   
 



PW40: Kraft Lignin as Bio-Based Dielectric Polymer for Organic 

Field-Effect Transistors 

Cristian Vlad Irimia1, Rosarita D’Oorsi2, Jeanette Lucejko2, Cigdem Yumusaki1, Niyazi Serdar Sariciftci1, 

Mihai Irimia-Vladu1, Alessandra Operamolla2 

1 Johannes Kepler University Linz, Institute for Physical Chemistry, Linz Institute for Organic Solar 

Cells, TNF Tower, 8th floor, Altenberger Str. Nr. 69, 4040 Linz, Austria,  

Email: cristian.v.irimia@gmail.com 
2 Dipartimento di Chimica e Chimica Industriale, Università di Pisa, Pisa, Italy 

Keywords: Kraft lignin, natural dielectrics, nature-origin materials 

The main focus of this work is the investigation of 
the dielectric layer, that is an essential component of 
field effect transistors. Despite the huge amount of 
yearly produced lignin waste, it finds scarce 
application as a fine material and is usually destined 
to be combusted in thermochemical plants to feed, 
with low efficiency, other industrial processes. So 
far, the use of lignin in materials science has been 
limited by the scarce knowledge of its molecular 
structure and properties, depending also on its 
isolation method. Lignin represents therefore an 
intriguing feedstock of organic material with 
immense availability, ranging between 50 to 80 
million tons/year. In this work, we analyze the 
structural and chemical-physical characteristics of 
two kraft lignins and utilize them in the fabrication of 
organic field effect transistors. 

As thin dielectric layer material for the aluminium 
gate electrode, two commercially available Kraft 
lignins (L1 and L2, both purchased from Sigma-
Aldrich) were investigated. First, we apply several 
molecular characterization techniques, such as ATR-
FTIR, elemental analyses, GPC-HPLC, EGA-MS,  
UV-Vis, 31P- and 13C-NMR spectroscopies to get 
insights into their different structures and their 

degree of molecular degradation. Then, we 
demonstrate their efficient application as gate 
dielectric materials for organic field-effect 
transistors (OFETs), finding the increased capacity of 
L1 with respect to L2 in triggering functional and 
efficient devices with both p-type and n-type organic 
semiconductor molecules [1]. 

The two dielectric materials investigated in this 
study are practical alternatives for the fabrication of 
sustainable, “green” electronics, considering their 
natural origin and wide availability, their low cost of 
production (they are with this respect simply a by-
product of paper and nanocellulose production), 
their low toxicity, inherent biocompatibility and 
biodegradability, and finally the most important 
aspect, their ultimate performance, and stability-
reliability in practical devices. 

These lignin dielectrics show good film forming 
characteristics, high hydrophilicity, excellent 
dielectric behavior over a wide frequency range and 
good insulating properties in OFET devices operating 
at voltages as low as 1.5 V. Such dielectric materials 
may find their applicability in biodegradable devices 
operating at low voltages.  
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This study deals with the preparation and 
characterization of layered double hydroxides (LDH) on Mg 
substrates prepared by powder metallurgy (PM). The work 
focuses on the optimization of the preparation of 
MgAl-LDH. Preparation conditions such as pH (10 and 12), 
temperature (90 and 100 °C) pressure and time were 
varied. In particular, the morphology and structure of the 
coatings and their elemental composition were evaluated. 
The evaluation was carried out using a scanning electron 
microscope (SEM) with an energy dispersive spectrometer 
(EDS). The optimized coatings were found to be uniform 
without defects with a thickness of 1 um. The 
electrochemical corrosion properties of the optimized 
MgAl-LDH coatings were also evaluated using 
potentiodynamic tests in a Hank's corrosion solution 
environment. Corrosion tests were shown to improve 
corrosion resistance, with a decrease in corrosion current 
density from 58.8 ± 2.5 µA/cm2 for uncoated PM Mg to 
1.1 ± 0.4 µA/cm2. 

Magnesium and its alloys are suitable candidates for 
biomedical applications as biodegradable implants due to 
their high specific strength and elastic modulus similar to 
human bone. Their ability to degrade to form non-toxic 
products in biological systems also allows the use of Mg 
materials in medicine, especially in orthopedics for 
implants and stents [1].  

One of the very progressive and applicable methods 
for the production of bioavailable materials with specific 
structures is the PM method.  Moreover, the characteristic 
feature of materials prepared by PM is their porosity [2]. 
Porosity is advantageous for bioapplications because it 
allows the integration of e.g. bone tissue, smooth 
transport of fluids and drugs and also improves and 
implant tissue outgrowths in the healing process [1]. 

The present work deals with the possibility of 
preparing Mg corrosion protection using LDH based 
coatings. Layered double hydroxide based coatings have 
previously shown great potential for corrosion protection 
of magnesium alloys [3, 4].  

The optimum preparation conditions were found to be 
95 °C for 9 hours in 0.1 M Al(NO3)3 solution at pH 10 under 
normal pressure. As can be seen in Fig. 1 the prepared 
coating is homogeneous in terms of morphology. 
A temperature of 100 °C and pH 12 proved unsuitable for 
coating formation. Shorter times do not produce a coating 
of sufficient thickness and higher times lead 
to degradation of the Mg substrate. 
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Fig. 1: Surface of optimized sample (SEM). 
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Alkali-activated materials (AAMs) are more sustainable 
alternative to ordinary Portland cement binders in the 
construction and building industry. However, these 
materials come with some cons, namely poor workability 
along with the limited effectiveness of commercially 
available plasticizers are some of the main issues [1]. 
Therefore, this study deals with the effect of different 
doses of lignosulfonate (LS) plasticizer in AAMs on their 
rheological properties and was based on previous 
experiments by Kalina [2] and Bílek [3]. 

To prepare AAM pastes, commonly used alkaline 
activators with a concentration of Na+ 4 mol∙dm−3 and 
precursors, namely ground granulated blast furnace slag, 
low calcium fly-ash and metakaolin were used. The 
effectiveness of the LS plasticizer was also investigated in 
Portland cement-based pastes to compare the 
functionality in more known systems. The rheology was 
tested by rotation and oscillation measurements using 
a DHR-2 rheometer, where the results of the rotation 
measurements were analysed by the Herschel-Bulkley 
model, and the oscillation measurements were amplitude 
sweep tests with evaluation of yield point and flow point. 
LS showed a significant improvement on workability in 
pastes activated by NaOH, namely in slag pastes (Figure 1).  

 
Figure 1: Influence of LS dose on complex modulus of 
studied NaOH-activated slag pastes 

These rheological tests are also supported by 
plasticizer adsorption tests on the precursors used. LS also 
showed the marginal impact of rheology in metakaolin-
based pastes, because rheology of MK-based geopolymers 
is primary influenced by viscosity of used alkaline activator 
[4]. 
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This study presents the design and optimization of a 
hollow fiber membrane module tailored for membrane 
distillation (MD) applications. Membrane distillation is a 
thermally-driven separation process where a hydrophobic 
membrane facilitates the passage of water vapor while 
rejecting non-volatile solutes. The hollow fiber 
configuration offers several advantages, including high 
surface area-to-volume ratio and compact module design, 
which are crucial for enhancing the efficiency and 
scalability of MD systems. The research delves into various 
design parameters such as fiber material selection, pore 
size distribution, fiber packing density, and module 
configuration. 

Computations of fluid dynamics (CFD) are employed to 
analyze the flow dynamics and heat transfer 
characteristics within the module, optimizing for 
maximum permeate flux and thermal efficiency. 
Experimental validation is conducted using a prototype 
module, and performance metrics such as water vapor 

flux, energy consumption, and salt rejection rate are 
evaluated. 

The results are estimated to be that the optimized 
hollow fiber membrane module exhibits superior 
performance in terms of permeate flux and energy 
efficiency compared to traditional flat-sheet modules. 

This work provides a comprehensive framework for 
the design and development of high-performance hollow 
fiber membrane modules for scalable and efficient 
membrane distillation systems. 

 

Figure 1: 3D model of laboratory-scale hollow fiber 
membrane module
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Phase change materials (PCMs) refer to substances 
that can absorb or release thermal energy throughout the 
melting and freezing process. 

PCMs are a very promising and useful tool in many 
areas of industry. For example, PCMs can serve as heat 
storage materials (for solar energy storage and 
accumulation), heat transfer media (for cooling, heating of 
buildings) or thermal protection in electronic devices. They 
can also be used in the medical, textile, food, automotive 
or chemical industries. The use of these materials can lead 
to energy savings, economic benefits as well as minimising 
the greenhouse effect. 

PCMs are divided into three categories based on their 
composition. The first group includes organic PCMs. 
Organic PCMs are currently the most popular group of 
phase change materials. They are further divided into two 
subgroups, paraffinic (petroleum-based) and non-
paraffinic (alcohols, ethers, glycols and fatty acid). This 
subgroup of non-paraffin PCMs also includes substances of 
natural origin called biobased PCMs (bio PCMs, BPCMs). 
These are materials obtained from a renewable, 
sustainable and environmentally friendly source. Such 
materials can come, for example, from the agri-food sector 
and its by-products such as palm kernel oil, palm oil, 
coconut oil or soybean oil. The second category of PCMs is 
inorganic PCMs (hydrated salts, alloys, metals). The third 
category is eutectic PCMs, they are divided according to 
the origin of the components into: organic-organic, 
inorganic-inorganic or inorganic-organic [1-2]. 

Our work is focused on analysis of the basic thermal 
properties of selected natural materials with phase 
transformation heat accumulation potential (bio PCMs) 
and the subsequent detailed characterization of materials 
suitable for construction industry applications. 

The thermal properties of the selected PCMs were 
monitored by a differential compensation calorimeter DSC 
2500 from TA Instruments. Trios software was used to 
control it and evaluate the results. A total of 23 samples 
were analysed, specifically different types of oils, bee 
products (wax, propolis) and animal fats. 

The measured data show that many vegetable oils 
have a monitored phase transition at temperatures below 
0°C. These bio PCMs have the potential to be used in 
cooling systems. In contrast, the measured bee products 
have phase transition temperatures above 60°C. Coconut 
oil was evaluated as a material suitable for applications in 
the construction industry with melting temperature 22,6°C 
(see Fig. 1). The response on different temperature 
treatment and time stability tests were performed with 
satisfactory results for practical applications [3]. 

 
Figure 1: DSC record of coconut oil (Purity Vision, Natures 
Care CZ) 
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The sustainable utilization of agricultural byproducts is 
essential for promoting eco-friendly practices across 
various industries. Hemp processing generates a range of 
byproducts that can be valorized to enhance both 
sustainability and economic value. 

This study explores the valorization of byproducts from 
hemp (Cannabis sativa L.) processing, focusing on their 
potential applications in the cosmetic sector (shown in 
Figure 1). The studied hemp breeds were cultivated 
primarily for the production of hemp oil and cannabinoid 
extract. The processing of hemp involves multiple stages, 
each producing distinct byproducts. We examined three of 
these byproducts, rich in proteins, sugars, and lipids (Table 
1). Hemp seed meal (HSM) and hemp sludge (HS) from 
cold-pressing seeds for oil extraction, and residual biomass 
(BAE) from the ethanol extraction of cannabinoids from 
inflorescences and leaves offer diverse opportunities for 
further utilization in cosmetic applications. 

HSM, rich in proteins, sugars, and residual oil [1], was 
subjected to hydrothermal extraction and enzymatic 
hydrolysis to extract water-soluble proteins for haircare 
formulations, enhancing their nutritive and conditioning 
properties. This process yielded hemp protein hydrolysate 
(HPH), a mixture of polypeptides, oligopeptides, and 
amino acids known for their numerous biological activities 
[2]. We incorporated HPH into shampoo and conditioner 
formulations to improve hair reparation due to its soluble 
proteins and moisturizing effects. Additionally, all the 
byproducts, HSM, HS, and BAE, were used for the 
fermentation of the red yeast Rhodosporidium toruloides. 
This fermentation yielded a ferment containing bioactive 
compounds such as coenzyme Q10, lipids, carotenoids, 
and vitamin E, each substrate resulting in a different 
composition of bioactive compounds. 

R. toruloides is a non-conventional, oleaginous yeast 
with a natural carotenoid pathway that accumulates high 
lipid content. Its lipid extract has demonstrated the ability 
to increase filaggrin expression, suppress MMP-1 
expression under heat stress in keratinocytes, and exhibit 

antioxidation activity as confirmed by the DPPH assay, 
highlighting its potential for cosmetic applications [3]. 

Moreover, hempseed sludge was repurposed for soap 
production, utilizing its lipid content to create moisturizing 
soaps with great foamability and exfoliating effects – 
broadening the industrial application of this waste 
material. 

Table 1: Nutritional Composition of Byproducts from 
Hemp Processing 

Byproduct of 
Hemp 

Precessing 

Protein 
content 

Sugar content Lipid content 

Hemp seed 
meal (HPH) 

15,6 ± 1,1 % 7,2 ± 0,6 % 3,4 ± 0,2 % 

Hemp sludge 
(HS) 

0,8 ± 0,1 % 4,8 ± 0,6 % 39,2 ±1,5 % 

Biomass after 
extraction 

(BAE) 

13,3 ± 0,9 % 15,2 ± 1,1 % 0,7 ± 1,0 % 

 
This research highlights the significant potential of 

hemp processing byproducts as valuable resources for 
creating high-performance, sustainable cosmetics. Our 
findings contribute to waste reduction and add economic 
value to the hemp industry, promoting a more sustainable 
and circular economy. 

 

Figure 1: Schematic Abstract of Utilization of Hemp 
Byproducts for Cosmetic Applications  
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Bioelectronics is a rapidly advancing field that bridges 
the gap between biological systems and electronic signals. 
This interdisciplinary domain focuses on the development 
of devices capable of converting and interpreting signals 
from biological entities [1]. These technologies have vast 
applications in medicine, sensors, and health monitoring 
devices. 

Among the various organic electronic devices, organic 
electrochemical transistors (OECTs) stand out due to their 
ability to amplify weak electrical signals, high sensitivity, 
cost-effectiveness, ease of operation, and compatibility 
with flexible and wearable devices [2]. The active channel 
of OECTs often consists of organic polymers with 
conjugated π-systems and mixed ion-electron 
conductivity, which allows for direct interaction with 
biological samples. This makes the increasing of 
biocompatibility of active channel desirable. However, 
current materials often suffer from drawbacks such as low 
conductivity, sensitivity, stability, and biocompatibility. 
Overcoming these limitations requires innovative 
molecular design and the development of selective and 
efficient synthetic methodologies. 

This study focuses on the synthesis of a series of 
semiconductive polymers and copolymers featuring novel 

bioinspired side chains. The side chains of the synthesized 
polymers incorporate amino acids, which are linked to the 
main chain via glycol linkers of varying lengths. This design 
aims to enhance the properties of the materials, making 
them more suitable for bioelectronic applications. In this 
presentation the synthesis and studying of electrochemical 
properties are discussed. 

 
Figure 1: Common structure of synthesized semiconductive 

copolymers 
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Ionic liquids (ILs) represent an innovative alternative to 
traditional synthetic oils used as lubricants in the field of 
tribology. These liquids are defined by their ability to exist 
in a liquid state at temperatures below 100 °C. ILs have 
several unique properties that make them "smart liquids" 
and ideal for use in tribological applications [1]. 

One of the main reasons why ILs are considered smart 
fluids is their ability to change rheological and tribological 
properties in response to external stimuli such as light, 
heat, magnetic or electric fields. This adaptability enables 
precise control of their performance in different operating 
conditions. ILs also have very low vapor pressure, high 
thermal stability and low volatility, which means they can 
safely operate in extreme temperature and pressure 
conditions without the risk of vaporization or ignition [2]. 

Another significant advantage of ILs is their ecological 
potential. Since they do not contain volatile organic 
compounds, they minimize the risk of environmental 
pollution. This makes them an attractive alternative to 
traditional lubricants, which often contain harmful 
chemicals. ILs also show an excellent ability to reduce 
friction and wear, thereby extending the life of machinery 
and reducing maintenance and repair costs [3]. 

Moreover, due to their chemical variability, ILs can be 
designed to meet the specific requirements of different 
applications. This includes optimizing their compatibility 

with different materials and ensuring maximum 
performance in specific operating conditions. 

This study is focused on determination and analysis of 
electrical properties of two ionic liquids ([EMIM][Tf2N], 
[BMIM][SO3CF3], Figure 1) by using a PLA organic 
electrochemical transistor (OECT) device. The ability to 
manipulate ions by applying the external electric field was 
determined by measuring the volt-ampere characteristics. 
This study is necessary to thoroughly study and reliably 
describe the mechanism of influencing the rheological and 
tribological properties of these smart liquids by an external 
electric field. 

 
Figure 1: Studied ILs. [EMIM][Tf2N] (left) and 
[BMIM][SO3CF3] (right). 

The OECT consists of three electrodes. Source, drain 
and gate. A USD voltage was applied between the source 
and drain electrodes, a second UGD voltage was applied 
between the gate and drain electrodes. The ISD current 
flowing through the semiconductor channel between 
source and drain electrodes was influenced by changing 
the value of UGD voltage.  

 
Figure 2: Volt-ampere characteristics of [EMIM][Tf2N] (red) and [BMIM][SO3CF3] (yellow). 
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The diketopyrrolopyrrole derivatives (DPPs) belong to 
the major organic high-performance pigments finding 
several significant applications in diverse areas of organic 
electronics [1]. The core of these derivatives is formed by 
a molecule with the systematic name 2,5-dihydro-
pyrrolo[4,3-c]pyrrolo-1,4-dione, which offers a wide range 
of possible structural modifications. One of the important 
derivatisations is the conversion of oxygen atoms in keto 
groups to sulfur atoms via one-step thionation using 
Lawesson’s reagent [2]. In this work, basic thiophenyl (Th-
DPP) and phenyl (Ph-DPP) DPP molecules were used as 
starting materials for the preparation of sulfur analogues 
Th-DTPP and Ph-DTPP (Figure 1), which were subsequently 
subjected to a study of electronic structure, optical and 
semiconducting properties. 

Thionation brought a bathochromic shift of the solid-
state absorption edge. Furthermore, the electronic 

structure of the studied DTPPs showed low-lying, highly 
stabilised LUMO orbitals (–4.5 eV), which was in good 
agreement with model calculations, whereas the 
experimental HOMO destabilisation was significantly 
higher than predicted (–5.6 eV). Finally, field effect 
mobilities were determined on a bottom-gate top-contact 
transistor, where thionation caused the switching of the p-
type character of DPPs to the n-type character of DTPPs 
(Table 1) [3]. Since DTPPs are still sufficiently thermally 
stable and have near-infrared absorption capability, low-
lying LUMO and n-type mobility, they can be considered 
potential electron-accepting components in photovoltaics. 

In addition, a huge advantage is that derivatization by 
the thionation method represents a versatile tool for the 
conversion of a diverse range of organic pigments 
containing keto groups into their sulfur analogues.

 

Figure 1: Chemical structures of the studied organic pigments 

Table 1: Field effect mobilities of the studied materials 
Contact material Mobility Th-DPP Th-DTPP Ph-DPP Ph-DTPP 

Al [cm2∙V–1∙s–1] µe 1.2∙10–5 7.4∙10–3 2.7∙10–3 1.8∙10–2 

Au [cm2∙V–1∙s–1] µh 2.0∙10–3 4.9∙10–4 6.6∙10–3 3.0∙10–4 
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Hydrogels are an interesting and significant class of 
materials with diverse applications in several fields of 
biomedical field. Their prominence is continuously 
growing due to their unique properties dependent on the 
nature of the (bio)polymer from which they are prepared. 
In the most cases, hydrogels are composed of a hydrophilic 
cross-linked polymer permeating the entire dispersion 
medium (water). As well as their mechanical properties, 
these materials have a structure similar to the 
macromolecular composition of the human body’s tissues. 
For this as one of many reasons, their research has led to 
the development of the new hydrogel materials for 
biomedicine, such as scaffolds or implants [1]. 

Various biomaterials and manufacturing methods, 
including 3D printing, have emerged to produce patient-
specific bioactive scaffolds. Additive manufacturing has 
become a popular technology for fabricating implants with 
the potential to heal critical-sized defects [2]. Moreover, 
the geometry of the implants can be tailored to meet 
patient-specific defect needs. 

Focusing on tissue engineering, 
polyhydroxyalkanoates (PHAs) have attracted 
considerable interest in the biomedical industry [3]. As 

intracellular biopolyesters produced by various 
microorganisms, they possess several valuable properties. 
These include biodegradability, biocompatibility and wide 
range of mechanical properties that are due to the 
diversity of PHAs. Since the final mechanical properties of 
hydrogels depend on their (bio)polymeric material, PHAs 
seem to be a very suitable source for their use in tissue 
engineering [4].  

The main limitation of using PHAs in hydrogel 
chemistry is their hydrophobic nature, which is 
incompatible with hydrogel principles. Herein, we 
overcame this limitation using a solvent-exchange 
method. This method involves dissolving the polymer in a 
suitable water miscible solvent, such as DMSO or acetic 
acid [5], and then exchanging the solvent with water to 
form hydrogels. We designed hydrogels based on different 
types of PHAs and with the incorporation of additives. The 
effect of varying the composition, solvent or solvent-
exchange method on mechanical properties of hydrogels 
has been compared. The use of PHAs in 3D printing of 
hydrogels has been described as well. 
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It is nearly impossible to imagine a modern 
multifunctional electronic device without a touch screen. 
It became a preferred feature in both big (interactive 
kiosks, monitors, tablets, etc.) and small devices 
(smartphones, smart watches, controllers, etc.). Touch 
screens consist of an array of sensors that can detect touch 
input from a user. In this way, users interact directly with 
the displayed items and intuitively operate the device. 
Resistive and capacitive touchscreens are two main 
technologies used in a wide range of electronic devices.  

In the resistive touch sensor, the touch is detected 
when a flexible, transparent top electrode makes a contact 
with the rigid bottom electrode. The contact can be 
creative with conductive (finger, stylus) or nonconductive 
object (through gloves, etc.). Thus, this technology is 
mainly used in the applications, where durability and 
precision are more important than the high sensitivity (i.e. 
industrial applications). 

In contrast, the capacitive touchscreen detects touch 
when a conductive object (finger or stylus) alters the 
electrical field created by the electrodes inside the screen. 
In simpler capacitive systems, each electrode is connected 
to an individual sensor circuit. Once touched, the 
capacitance of a specific electrode increases, and the 
system detects this change. In more advanced systems 
(projected capacitive touch), the horizontal and vertical 
array of electrodes create a grid with uniform distribution 
of electric field. The screen controller scans each electrode 
intersection and detects the change of capacitance, 
allowing for precise detection. This type of touch screen 
supports multitouch and is generally more implemented in 
smartphones and tablets, due to the more user-friendly 
features.  

The design of capacitive touch sensors and screens 
requires several key steps, combining material science and 
precision engineering: (i) material selection, (ii) design of 
electrode pattern, (iii) conductive layer coating, (iv) layer 
lamination, and (v) integration with display and final 
assembly. 

The selection of conductive material and substrates 
depends on the desired properties of the touchscreen 
(sensor). Indium-tin oxide, aluminum-doped zinc oxide, 
and fluorine-doped tin oxides are typically used in highly 

transparent touch screens for mobile devices. In contrast, 
wire mesh might be considered for screens with a lower 
demand for transparency. For flexible screens, one might 
consider plastic substrates, such as PET, or glass 
substrates. 

 

Figure 1: Key steps in the design of capacitive touch sensor 

New trends in touchscreen technology prefer 
implementation of silver nanowires and nonmetallic 
materials because of the lower cost and easier layer 
deposition. The nontransparent contact electrodes (i.e. 
perimeter traces) are typically made from silver paste. 

The electrode pattern is the geometric orientation of 
the electrodes, typically a confidential design created to fit 
a specific application. The following steps are associated 
with the fabrication of the devices. Techniques such as 
sputtering, screen printing, laser etching, and lamination 
are used to produce touch sensors and touchscreens. 

This poster will present the key steps in the design of 
capacitive touch sensors implemented in the project 
currently ongoing at the Faculty of Chemistry (FCH) of the 
Brno University of Technology (BUT). Each step will be 
presented and evaluated with respect to modern trends in 
touch technology. The unique approach applied at the FCH 
BUT will emphasize the use of novel materials to maximize 
performance and minimize the production costs of next-
generation touchscreens. 
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This poster will evaluate two technologies commonly 
used for fabrication of touchscreens: (i) additive and (ii) 
subtractive technology. Additive technology involves 
building up or depositing materials layer by layer to create 
touchscreens with the desired electrode pattern and 
structure. On the contrary, subtractive technology 
typically involves subtracting material (pattering by laser 
etching or photolitography) from a conductive layer to 
create the required patterns and structures.  

Modern touchscreens come in a broad variety of 
structures. With respect to the number of transparent 
conductive layers, we distinguish three different 
structures: (i) a single layered structure made of indium tin 
oxide (ITO) or similar material, applied to the substrate, 
usually glass or film, (ii) a double-layered structure made 
of two transparent conductive layers, often separated by 
an insulating layer, and (iii) a multilayered structure where 
more than two transparent conductive layers are used. 
The single-layered structure is thinner, lighter, and 
typically used in devices which support single-touch or 
basic multitouch, where high sensitivity is not required. In 
contrast, a double-layered and multi-layered structure is 
used for fabrication of touchscreens with extremely 
accurate touch detection and multitouch functionality. 
Nevertheless, adding layers of transparent conductive 
material increases the weight and the overall price of the 
devices. 

  
Figure 1: a) comparison of additive and subtractive 
technology approaches 

Modern trends in touch technology include the 
substitution of conventionally used materials such as 
indium tin oxide or aluminum-doped zinc oxide with silver 
nanowires or graphene. In addition to that, there is a great 
movement to utilize production to reach minimum 
material waste and maximize production efficiency. 

The fabrication of the touchscreen usually has to take 
multiple steps: (i) material selection, (ii) design of the 
electrode pattern, (iii) conductive layer coating, (iv) layer 
lamination, and (v) integration with the display and final 
assembly.  

Coating of the conductive material can be done with 
different techniques. The most commonly used tecniques 
are sputtering, chemical vapor deposition, and printing 
techniques (mainly screen printing or inkjet). Of the 
mention tecniques, only printing tecniques have the 
possibility to pattern during coating. Other techniques 
require patterning of the coated film either by 
polylitography or laser etching. This additional step 
generates non-reusable material waste that could increase 
the cost of production and decrease production efficiency. 
Moreover, laser ablation processes that are typically used 
in high-scale production are significantly slower than 
screen printing. However, unlike screen printing, laser 
etching can create a more precise structure with a shorter 
electrode distance, which increases the sensitivity of the 
sensor. In addition to that, change of the electrode pattern 
it is significantly easier than in screen printing. 

This poster will evaluate both additive (screen 
printing) and subtractive (laser patterning) touch 
technologies in terms of material waste, speed, and 
accuracy of the final products. The additive touch 
technology applied in ongoing project at the Faculty of 
Chemistry will be presented in detail. 
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Microfluidics is a field of research that studies how 
fluids move through sub millimeter spaces and that 
develops microscale fluid-processing technology [1]. 

Manipulation of liquids moving through micro-sized 
channels and ducts showcases their unique behaviors and 
has a wide range of applications across various fields, 
including medical diagnostics, biotechnology, food and 
environmental sciences. The prime examples are organ-
on-chip, lab-on-chip and biosensor devices and droplet, 
emulsion and bubble generation devices. Our research 
area is cellular membrane model preparation on 
microfluidics with a focus on free-standing planar lipid 
bilayers.  

Membrane models are a versatile tool for 
understanding the fundamental mechanisms of cellular 
function. Their applications range from the modeling of 
complex biological processes and protein characterization 
to the development of biosensors and drug delivery 
systems. 

One of the most common ways of preparing 
microfluidic devices is photolithography for master mold 
fabrication followed by soft lithography (replica molding) 
of polydimethylsiloxane (PDMS) and bonding PDMS to 
glass with plasma treatment [2]. Although relatively fast 
and inexpensive, this technique is not particularly 
sustainable as it creates one time use devices. For this 
reason, we set out to create a reusable device made of 
glass.  

Hence, this work summarizes means of glass 
microfluidic device fabrication and phospholipid bilayer 
formation mechanisms. 

It showcases the design and preparation of a glass 
microfluidic chip and presents a microfluidic device 
prepared by lithography techniques and reactive ion 
etching, adapted for model membrane formation by self-
assembly of phospholipids at the interface of aqueous and 

organic phases created by the architecture of the 
microfluidic device.  

This device was previously fabricated out of PDMS and 
tested for functionality [3]. Glass also offers structural and 
optical benefits over PDMS.  

 
 

 
Figure1: Schema of preparation for one time vs reusable 
device 

 

 

 
 

Figure 2: Schema of membrane formation by self-
assembly of phospholipids at the interface of aqueous and 
organic phase
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The antimicrobial activity of photocatalytic surfaces 
was tested using a resazurin assay. Resazurin is a blue, 
water-soluble compound that exhibits a weak degree of 
red fluorescence which gives a concentrated solution a 
purple tint. Upon reduction, associated with, for example, 
cellular respiration, resazurin is converted to resorufin 
(figure 1), a bright pink intermediate that emits an 
intensive orange fluorescence (λmax = 590 nm). This 
change is irreversible. In the second stage of reduction, the 
solution becomes completely colourless; this stage is 
reversible by the addition of atmospheric oxygen.[1] 
Resazurin is a substance that is very stable in a medium 
that contains no cells, but in the presence of viable cells it 
is very rapidly reduced to resorufin.[2]     

 
Figure 1: Reduction of blue resazurin to pink resorufin and 
consequent change to colourless dihydroresorufin 

The gram-negative bacteria Escherichia coli was 
chosen as the model microorganism. A bacteria inoculum 
with a concentration of 1.75×106 CFU/ml was applied to 
hydrogel carriers and these were subsequently placed on 
the study surfaces. Half of the samples were kept in the 
dark and the other half were illuminated (900 lx). The study 
was carried out for three types of photocatalytic surfaces 
with the addition of different amounts of biocidal agent 
(D0, D50 and D200). After 4 hours, the carriers were 
transferred to vials, resazurin added and the number of 
viable cells in the mixture evaluated.  

The time to reach maximum fluorescence (Figure 2) for 
each sample was recorded and the logarithm of the 

number of viable cells per cm2 was calculated. The various 
parameters for the calculation were defined as: log CL is 
photocatalytic surface under illumination, log CD is the 
photocatalytic surface in the dark, log BL is the blank under 
illumination, and log BD is the blank in the dark. A summary 
of the average values can be found in Table 1. We can see 
that the number of viable cells in the illuminated samples 
decreased for all surface treatments, D0, D50, and D200. 
The authors observed that as the amount of biocide in the 
layer increased, the proportion of viable cells in the 
samples kept in the dark decreased. The final antimicrobial 
activity of the samples is calculated according to the 
relationship: 

∆𝑅 = 𝑙𝑜𝑔(𝐵𝐿/𝐶𝐿) − 𝑙𝑜𝑔(𝐵𝐷/𝐶𝐷) = 𝑅𝐿 − 𝑅𝐷 

 
Figure 2: Time at which maximum fluorescence was 
reached 

Table 1: Summary of the obtained results. 
Sample D0 D50 D200 

log C0 4.01 4.40 3.62 

log CL 2.97 3.66 2.83 

log BL 3.90 4.25 3.86 

RL 0.93 0.59 1.03 

log CD 3.77 3.91 2.76 

log BD 3.81 4.26 3.67 

RD 0.04 0.35 0.91 

R 0.89 0.24 0.12 
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The development of organic electronics had seen the 
research focus on well-known organic pigments and dyes. 
One of these was indigo and its derivatives. The 
identification of indigo’s semiconducting properties [1-4] 
have sparked a renewed interest in indigo chemistry. The 
functionalization has been used as a tool to fine tune the 
properties of novel materials. Indigo is an organic pigment 
with very poor solubility. This drawback may be overcome 
by introduction of thermo-cleavable tert-butoxycarbonyl 
(t-Boc) groups, to enhance solubility during thin film device 
processing. 

Here, we present synthesized symmetrical dibromo, 
diphenyl, and dinaphthalenyl indigo derivatives 
(compounds denoted as InBr, InPh, and InNap). Direct 
halogenation of indigo has been used or the first time, 
during the synthesis of dihaloindigo. Latent pigment 
analogues of the studied compounds decorated by t-Boc 
groups were also synthesized. A post-deposition thermal 

treatment process is then utilized, to remove the 
protecting t-Boc groups and produce semiconductor thin 
films. The studied compounds (InBr, InPh, and InNap) 
show an optical band gap of 1.6-1.8 eV, while their t-Boc-
protected forms have a band gap of approximately 2.1 eV. 
The compounds were studied in organic field-effect 
transistors (OFETs) to assess the field-effect mobility of 
charge carriers in the materials. In case of physical vapor-
deposited (PVD) films in AlOx/TTC dielectric OFETs, the 
compounds showed p-type charge transport with a hole 
mobility of up to 2.2×10−2 cm2V-1s-1 in. Moreover, dibromo 
derivative (InBr) showed ambipolar charge transport, 
featuring electron mobility of up to 1.1×10−3 cm2 V-1 s-1 in 
an electron transport enhancing setup. Contrary to the 
previously described usual experience [5], the compound 
InNap, retained the form of a homogenous film even after 
the thermal treatment deprotection. 
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Bioelectronic devices can help us greatly with tissue 
stimulation, precise sensing of biological signals, or 
efficient drug delivery within the therapeutic window. 
Devices, which are routinely used nowadays, are usually 
based on conducting polymers in the form of thin films. 
However, thin films are physically and mechanically 
completely different from soft biological tissues. As 
opposed to thin films, tissues are 3-dimensional 
environments full of water, which makes them very soft. 
Especially when in long-term contact, these differences at 
the tissue-device interface inevitably result in material 
incompatibility with biological tissues and limited 
efficiency of the device [1]. 

Hydrogels are 3-dimensional networks rich in water 
content; in this way, their mechanical and physical 
properties mimic the properties of biological tissues. Pure 
conducting hydrogels have emerged only recently and, 
because of their high compatibility with tissues and mixed 
ionic-electronic conductivity, they seem to be very 
promising candidates for more efficient bioelectronics. 

However, the preparatory processes of such hydrogels 
often require the use of nonconductive hydrogel 
templates or complicated preparatory processes involving 
high temperatures. Furthermore, most existing conductive 
hydrogels are based on PEDOT:PSS, whose 
biocompatibility was shown to be insufficient for some 
applications [2]. 

In this work, we prepared a conductive hydrogel based 
on a novel polymer composite PEDOT:DBSA, for cell 
stimulation in regenerative medicine. The preparatory 
process is facile and does not involve the use of non-
conductive hydrogel templates. The hydrogel possesses 
excellent biocompatibility towards murine endothelial 
cells. The mechanical properties are tunable and in the 
range of soft biological tissues. The hydrogel shows low 
impedance at 1 Hz and mixed ionic-electronic conductivity, 
where the electronic one is one order of magnitude higher 
than the conductivity of biological tissues. Thus, this 
material holds the promise to form a truly functional 
interface between tissues and the bioelectronic device.
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Figure 1: Summary of preparation and properties of pure conductive hydrogel based on novel PEDOT:DBSA 
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An increasing number of various civilization diseases 
such as Parkinson’s and Alzheimer’s diseases, epileptic 
seizures, heart attack, other heart diseases, depression, 
diabetes, and cancer, and the necessity to treat them calls 
for novel targeted treatments with maximum efficiency 
but minimum side effects. Such possibility of targeted 
dosing of drugs in space and time with electronic precision 
brings organic bioelectronics. Two very promising devices 
are organic electronic ion pumps (OEIP) and organic 
electrochemical transistors (OECT). 

The OECT is based on ion exchange and ion transport 
in organic semiconductors and OEIP is based on ion 
transport through ion-selective membranes. Both devices 
have a unique ability to conduct ions in addition to 
electrons. The polymer structure with lower Young's 
modulus and mixed ionic-electronic conductivity makes 
these devices much more efficient at transferring 

information between living tissue and devices than today's 
devices. 

This work focuses on the real-time study of ion 
exchange and transport in these two devices. Even though 
there was significant progress in research, the 
understanding of ion transport and ion exchange is derived 
mostly based on nonspecific or non-real-time detection 
methods. A precise understanding of the role of ions is 
critical for understanding the principle of operation of 
organic (bio)electronic devices. 

In this work, we combine electrical, optical, and direct 
pH measurements to measure and evaluate the number of 
exchanged and transported ions directly. The outputs of all 
detection methods are correlated. The advantage of this 
method is that the amount of ions is determined directly 
in situ and in real-time. Based on this method we can study 
the transport properties of different drugs in membranes 
and organic semiconductors. 

 

Figure 1: Schema of the combined detection of ion exchange in an organic electrochemical transistor 
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Since its discovery in 2006, graphitic carbon nitride 
(GCN) has attracted considerable interest due to its 
photocatalytic activity, despite being a well-known 
substance [1, 2]. GCN consists of tri-s-triazine rings cross-
linked by trigonal N atoms [3]. Its key advantage is being  
a metal-free medium band gap semiconductor with high 
thermal and chemical stability, along with a customizable 
electronic structure. Due to its properties, the material is 
promising for various applications. The electronic bandgap 
of GCN is approximately 2.7 eV, which is lower than the  
3.2 eV band gap of titanium dioxide (TiO2), the standard for 
photocatalytic materials [3]. Based on its electronic 
structure, GCN should be capable of releasing oxygen and 
hydrogen through water splitting. Additionally, GCN is easy 
and inexpensive to synthesize which makes it an attractive 
semiconductor for large-scale applications. 

This report outlines the fabrication and properties of 
durable GCN coatings with enhanced porosity. 

The patented oligomeric siloxane binder ensures the 
adhesion and cohesion of these coatings [4]. 

GCN was synthesized from a melamine-cyanurate 
complex. The crude GCN was subjected to wet ball milling 
in isobutanol to produce a suspension of GCN particles 
with a narrow size distribution, ideal for coating. After 
milling, a coating was prepared by incorporating a variable 
amount of siloxane binder and a pore-forming agent, 
camphor. Substrates (plain soda lime glass or FTO glass) 
were coated using a Mayer rod film applicator. Camphor 
was sublimed from the coated substrates by heating them 
to 80 °C under reduced pressure. This process left voids in 
the coatings. The shape of these voids was strongly 
influenced by the camphor concentration. 

The mechanical, physical and chemical properties of 
the fabricated coatings were investigated in detail by 
various methods. The photocatalytic activity was 
evaluated with several model pollutants to determine the 
optimal pore-forming agent content. We have 
demonstrated that the porous texture improves 
photocatalytic activity by improving mass transfer and 
light penetration into the catalyst layer. 
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A universal approach to the calculation of diffusion coefficients in lead halide perovskite single 
crystals having ionic and mixed ionic-electronic conductivity is presented. Using impedance 
spectroscopy, it is demonstrated how to model a non-ideal Warburg element and the equivalent circuit 
of a transmission line to identify ion diffusion in a material. The proposed method is applicable to 
samples of any thickness and electrical properties. In addition, it is shown how to overcome the 
problems of measuring low-frequency impedance and non-ideal behavior of elements using 
extrapolative modeling and approximation. 
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The global need for energy has significantly risen in 
recent decades and is supplied mostly by fossil fuels which 
account for around 80 % total energy demands. Therefore, 
renewable sources of energy have been pointed in the 
centre of interest. Among them, hydrogen economy can 
address the utmost need for a transition to the green 
energy. To date, however, vast majority of hydrogen is 
produced by steam-methane reforming. On the other 
hand, low-emission production comprised less than 1% in 
2022. Low emission hydrogen production can be achieved 
by electrolysis of water with overall equation 2H2O → 2H2 
+ O2, driven by renewable electricity sources. Being 
kinetically sluggish, the electrocatalytic HER is often 
mediated by catalysts. 

Massive upscale of effective electrolytic water splitting 
should be promoted by materials with low socioecological 
footprint which can be addressed by sustainable and 
recyclable organic electrocatalysts. Increasingly, bio-
inspired organic materials emerge as robust and stable 
electrocatalysts with fine-tunable structure and properties 
(e.g. emeraldine-polyguanine or polydopamine, mimicking 
platinum surface).1 

Flavins are ubiquitous cofactors of enzymatic redox 
reactions involving transfer of one or two electrons 

occurring over wide potential range which translated also 
in numerous applications.  Riboflavin and its 
electropolymerized form coated on a carbon electrode 
serve as excellent electron shuttles promoting electron 
uptake in microbial fuel cells. Moreover, polyriboflavin 
proved to be active in oxygen evolution reaction.2 Redox-
active part of riboflavin can be minimized to pteridine-2,4-
dione moiety important for preserving the diazabutadiene 
moiety. On the other hand, expansion of the conjugated 
system is desirable for tuning of the optical and 
electrochemical properties.3  

We present a versatile synthetic approach towards 
advanced non-fused NH-free flavin derivatives and their 
initial evaluation as electrocatalysts for hydrogen 
evolution. Both small-molecular and polymer materials 
were synthesized and investigated via electrochemical 
measurements followed by electrolytic experiments. 
Electrocatalytic activity of some metal-free flavin materials 
was observed in terms of several fold increase in amount 
of evolved hydrogen. Versatility of the synthesis of flavin-
based small molecules and corresponding polymers 
enables enlarging of the portfolio of the catalysts for 
deeper experiments and potential applications in HER.

 

Figure 1: Synthetic approach to target flavin materials 
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There are currently increased research efforts to make 
industrial processes more climate-friendly and reducing 
their dependence on fossil fuels. To achieve this goal, 
biomaterials are gaining more and more attention, even if 
they are not yet completely climate-neutral [1]. Promising 
naturally occurring organic molecules for this are the 
classes of anthraquinone and riboflavin (Vitamin B2). Both 
the monomers and the polymers of these two classes are 
known to have good electrocatalytic properties for carbon 
dioxide (CO2) capture and oxygen (O2) reduction toward 
hydrogen peroxide (H2O2) [2-5]. Furthermore, the 
monomers and polymers can in addition be used in organic 
batteries, sensors, and as electrodes in various devices 
[6,7].  

In this approach, we worked on the successful 
electropolymerization and immobilization of the 

1−aminoanthraquinone and riboflavin on different 
carbon-based electrodes as well as on an optically 
transparent electrode, which gives rise to further 
application in optoelectronic devices. The resulting 
polymers were characterized using infrared spectroscopy 
and scanning electron microscopy (SEM) to gain insights 
into the structure-property relationships. These two 
techniques also provide a suitable proof of the successful 
polymerization of these biomaterials. Cyclic voltammetry 
(CV) of these polymers was performed to provide 
information about the redox properties and the stability of 
the resulting polymers. Furthermore, CVs were performed 
to prove the capability of electrochemical CO2 capture and 
O2 reduction of the materials [8].  
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Organic conjugated molecules have garnered 
significant attention over the past decades due to their 
unique optical properties, tuneable colours, and versatile 
applications [1]. In this study emphasis will be placed on 
the characterization of stilbene-based photoluminescence 
materials and their properties in solid-state and molecular 
mixtures. Fluorescence properties of studied materials 
primarily come from an intramolecular electronic 
transition of charge-transfer (CT) character. With this 
approach it is possible to design materials with wide range 
of colour emission [2].  

In case of red-emitting materials, such approach leads 
to narrowing the band-gap and reduction of solid-state 
fluorescence quantum yields due to the promotion of 
intramolecular non-radiative processes. To improve 
fluorescence in far-red (FR) part of spectrum so-called 
host-guest systems (HG) can be utilized [3]. HG systems are 
binary mixtures of structurally similar molecules with 
different band gab energies resulting in different colour of 
emitted light. In such systems the effect of Förster 
resonance energy transfer (FRET) between two 
components of a mixture, where one acts as donor of 
energy and other as acceptor of energy, increases the 

fluorescence quantum yield of an acceptor fluorophore 
beyond its usual level. Such systems are deployed in the 
form of nanoparticles, showing increased intensity of 
acceptor-like photoluminescence.  

If the donor-acceptor pair of molecules and their ratio 
is carefully selected it is possible to achieve only partial 
energy transfer leading to creation of systems in which the 
emission of both components persists. With this approach 
it is possible to obtain bright with-light emitting (WLE) 
materials.  

Intense solid-state fluorescence materials are highly 
desirable for various applications. WLE materials are used 
in light-emitting field-effect transistors or organic light-
emitting diodes (OLEDs) where the basis consists of white-
light emitting layer [4]. FR emitting materials are especially 
important in form of water-dispersible nanoparticles for 
bioimaging. By utilizing these materials, fluorescence 
imaging benefits from decreased self-fluorescence in the 
FR region; the impact of light scattering is reduced, thus 
the far-red fluorescence is much less affected. Moreover, 
red light demonstrates higher penetrability in biological 
tissue. This allows for higher optical contrast and reduced 
photodamage [5]. 
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The absorption and emission spectra were 
investigated for four molecules – lumazine and its 
cyanated derivative (Fig. 1. a) on the left) and alloxazine 
and its fluorinated derivative (Fig. 1. a) on the right), with 
dimethyl sulfoxide (DMSO) serving as the primary solvent. 
To modulate the spectroscopic properties, water was 
progressively added to the DMSO. Interesting effects were 
found, especially in the case of the cyanated derivative, 
where the addition of water results in a uniform blue shift, 
shown in Fig. 1. b).  

Further intriguing results were found for the samples 
containing 65 % of water and 35 % of DMSO. In this case, a 
notable decrease in absorption and emission intensities 
was registered, even larger than the water quenching 
observed in other cases. This is likely related to the 

formation of DMSO∙2H2O trimers that has been 
documented in this case [1]. A similar behavior has been 
found for acetonitrile mixtures in the past, and a possible 
use for probing microenvironments of solvent immediately 
surrounding an analyte has been suggested [2].  

Finally, water solubility is greatly enhanced by the 
substitution of polar groups, making it easier to penetrate 
cell membranes than the larger flavins, which have been 
used for fluorescence imaging of living cells [3]. Therefore, 
these molecules could find broader use for example in in 
vitro imaging. 

The spectroscopic properties of studied molecules 
were calculated using the density functional theory in the 
implicit DMSO solvent model and with explicit water 
molecules. 

 

Fig. 1. a) the structures of the studied molecules; b) the effect of varying DMSO concentration on the absorption spectra. 
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Organic bioelectronics is widely studied for a use as 
a target therapy for wide range of civilisation diseases such 
as Parkinson's disease, epileptic seizures, regeneration of 
damaged nerve connections, heart failure and diseases, 
depression, diabetes, or cancer. These devices offer high 
spatiotemporal control and thus potentially limiting, if not 
completely avoiding, side effects, which are common in 
conventional systemic treatments. 

Very promising organic bioelectronic devices are the 
organic electronic ion pump (OEIP) and organic 
electrochemical transistor (OECT). Both are based on ion 
exchange and/or ion transport in organic semiconductors 
and ion-selective membranes. This ability to conduct ions 
in addition to electrons makes these devices very effective 
in signal transmission between living tissue and the device. 

Although OEIP and OECT already proved to be suitable 
for many medical applications, the understanding of ion  

transport and ion exchange is derived mostly based on 
nonspecific and/or nonreal-time detection methods. 
However, a precise understanding of the role of ions is 
critical for understanding the principle of operation of 
organic (bio)electronic devices. 

To study the ion exchange and ion transport in OECT 
and OEIP we combined three independent detection 
methods, which detect ions continuously in situ. We use 
optical detection and chronoamperometry and in a case of 
protons we also use pH measurement. Based on the 
outputs of these methods, the amount of 
transferred/exchanged ions is calculated and correlated. 
This approach has the potential to be used to study the 
transport of ions and new drugs in pharmaceutical 
research when optimised. 

 

 

Figure 1: Schema of the combined detection of ion transport in organic electronic ion pump 
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Organic π-conjugated molecules play a fundamental 
role in the development of new functional materials with 
multi-stimuli response and applications. The manipulation 
of matter by changing the environment to influence the 
electronic distribution is a key factor in the design of new 
optical materials [1].  

This work focuses on design, preparation and optical 
characterization of the phenylene-thienyl chalcone 
derivatives with various terminal groups – amino (3a), 
hydroxyl (3b) and carboxyl (3c). We were able to 
selectively manipulate the optical behavior via these 
functional groups simply by treatment under acidic or 
basic conditions. The photoluminescence quantum yield 
(PLQY) of the protonated ammonium salt was boosted to 
10 % in comparison with 2 % in the neutral form. On the 

other hand, deprotonation of the alkoxy and carboxy 
group led to the formation of a non-emissive anions due to 
the photoinduced electron transfer process. Moreover, we 
studied the behavior in the aqueous environment that 
resulted in the aggregation induced emission effect with 
a bathochromic shift and improved PLQY for all three 
chalcone compounds. Finally, only the compound 3c 
showed a fluorescence in the solid-state with a broad 
emission band at 576 nm with a relatively high PLQY 
(18.6 %) [2]. 

With these results, we proved the potential for sensing 
applications of the prepared compounds as we could 
monitor the emission enhancement or quenching strongly 
depending on the environment.

 
Figure 1: Graphical demonstration of the optical properties study [2] 
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