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Some Electron Transfer Reactions: A Frog’s Perspective 

Richard G Compton 

Department of Chemistry, University of Oxford, Great Britain 

 

Some electrochemical reactions will be considered at various perspectives of scale.  

First, inspired by the work of Grotthuss [1] in 1806 on using colour changes adjacent to an 

electrode to detect local acidity and alkalinity, the use of fluorescence spectroscopy for 

unravelling some complex electrochemical reactions at the molecular scale will be discussed 

and quantitative methodological approaches outlined [2]. The development of sensors for the 

detection of single marine plankton will be presented and the combined use of fluorescence 

spectroscopy with electrochemistry shown to permit the identification of different species of 

plankton [3]. 

Second, electrochemical measurements at the scale of single entities will be discussed which 

allow the measurement of single enzyme chemistry and of single bacteria such as E.coli [4,5]. 

In the former case fluctuating kinetics of the catalase mediated decomposition of hydrogen 

peroxide into oxygen is revealed by quantitative modelling. Arising from the latter the 

development of an electrochemical bacteria sensor will be outlined [6]. 

Third, the contrasts between single entity and ensemble measurements implicit in the enzyme 

work [4] will trigger consideration of electron transfer reactions at electrodes modified with 

ensembles of particles [7]. The complications inherent in such measurements will be addressed 

from a simulation perspective. Implications for the evaluation of electro-catalysts will be 

discussed. 
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RATIONAL DESIGN & NANO-ENGINEERED ASSEMBLY OF 

HETEROJUNCTIONS FOR VISIBLE-LIGHT-DRIVEN 

HETEROGENEOUS PHOTO(ELECTRO)CATALYSIS 

Sridharan Balu, Thomas Chung-Kuang Yang* 

*Department of Chemical Engineering and Biotechnology, National Taipei University of 

Technology, Taipei-106, Taiwan (ROC). (ckyang@mail.ntut.edu.tw) 

 

As a green and sustainable technology, semiconductor-based heterogeneous 

photocatalysis has received greater attention in the last several decades because it has the 

potential to solve both energy and environmental problems. Various hierarchical 

semiconductor heterojunctions/nanocomposites have been designed and fabricated at the 

micro/nanometer scale in recent years to synthesize efficient photocatalysts. This work presents 

a critical appraisal of fabrication methods, growth mechanisms, and applications of advanced 

hierarchical heterojunction photocatalysts. The facile synthesis strategies such as 

hydrothermal, microwave-assisted hydrothermal, ultrasonication, wet-chemical impregnation 

methods are highlighted. Finally, the as-synthesized materials were utilized for important 

applications, including photocatalytic degradation of pollutants and photo-electro-catalytic 

water-splitting (OER). The progress in photocatalysis may create new opportunities in the 

design of highly effective hierarchical photocatalysts for advanced applications including 

pollutant degradation and photoelectrochemical water-splitting to solar cells. 

This presentation will summarize our efforts in (i) Enhancement of photocatalytic 

efficiency of novel hybrid nanocomposites, (ii) Rational and Nano-engineered fabrication of 

heterostructures for effective charge transfer processes, (iii) Elucidation of active species and 

mechanism of the synthesized photocatalysts, (iv) Applying the synthesized photocatalysts for 

environmental remediation and energy production applications. The 2D graphene-like 

morphology of g-C3N4 exhibits high chemical/thermal stability and serves as a promising host 

material for metal/non-metal doping, nanostructure regulations, semiconductor couplings, and 

surface modifications.   

Keywords: Photocatalysts, Surface functionalization, Nanocomposites, Organic pollutants, 

Hazardous degradation, Photoelectrochemical, Z-scheme; type-II heterojunction.  
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THE PECULIARITIES OF SOL-GEL SYNTHESIS OF GARNET 

STRUCTURE COMPOUNDS  

Aivaras Kareiva*, Aldona Beganskiene 

Department of Inorganic Chemistry, Vilnius University, Vilnius, Lithuania 

* aivaras.kareiva@chgf.vu.lt 

Over the last few decades, sol–gel techniques have been used to prepare variety mixed-

metal oxides. The sol–gel process is used to obviate the experimental difficulties and chemical 

inhomogeneity associated with conventional ceramic processing. In the ideal situation, the 

homogeneity in an amorphous gel which, on subsequent pyrolysis, yields the complex oxide 

directly, providing that segregation and partial crystallization can be prevented.  

The compound 3Y2O35Al2O3 is referred to as yttrium aluminium garnet (Y3Al5O12, 

YAG) and adopts the cubic garnet structure. When doped with a transition metal or lanthanide 

ions, YAG represents an important solid-state laser material widely used in luminescence 

systems, window materials for a variety of lamps and for fibre-optic telecommunication 

systems. 

Recently, we have synthesized mixed-metal garnets of Sc3+, Al3+, and Ga3+, by an 

aqueous sol–gel method. However, some garnet structures of lanthanide elements are not 

synthesized yet. For example, La3Al5O12
 
phase has not formed by heat treatment of the 

precursor gel powders. The solid state reaction expressed by Eq. 1 does not proceed at 1000 °C 

or higher temperatures [1]:  

1.5 La2O3
 
+ 2.5 Al2O3 → La3Al5O12

 
(1) 

Therefore, the possible formation of ceramic composite schematically could be described 

by the following reaction:  

1.5 La2O3 + 2.5 Al2O3 → LaAlO3 + La2O3 + 2 Al2O3 (2) 

or by “phase metathesis” reaction: 

La3Al5O12 ↔ LaAlO3 + La2O3 + 2 Al2O3 (3) 

However, only one perovskite lanthanum aluminate crystalline phase was detected by X-

ray diffraction analysis. Previously we predicted that probably amorphous oxides are forming 

even at such high temperature. Here we summarized the results on sol-gel synthesis of different 

garnet structure compounds, showing the dependence of formation on chemical composition of 

selected system [2-4].   

Acknowledgements. Authors would like to thank Prof. V. Balevicius, Dr. A. Marsalka and all members of 

Sol-Gel Chemistry Group at Vilnius University for helpful discussions and fruitful cooperation. 
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MOLECULAR STRUCTURE OF MONOLAYERS PROBED BY 

VIBRATIONAL SPECTROSCOPIES 
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* gediminas.niaura@ftmc.lt 

Adsorption at surfaces affects the structure and consequently the function of adsorbed 

molecules. To understand and control processes at interfaces, detailed molecular level 

knowledge is required. Thus, technique specific to both interface and molecular structure must 

be applied. Surface-enhanced Raman spectroscopy (SERS), reflection absorption infrared 

spectroscopy (RAIRS), and sum frequency generation (SFG) spectroscopy fulfils such 

requirements; being inherently surface specific these methods provide vibrational spectrum of 

adsorbed molecules. Thus, detailed molecular level analysis of bonding, conformation, and 

interaction of adsorbed molecules at interfaces is available.  

The presentation will cover structural analysis of peptides, polyaniline, and self-

assembled monolayers (SAMs) by surface vibrational spectroscopy methods [1−9]. Special 

attention will be given for in situ monitoring the potential-dependent transformation of 

adsorbed peptides and SAMs at electrochemical interface [1−3,5,6]. Isotopic-edited SERS 

coupled with first principles quantum chemical modeling of adsorption complexes considerably 

increases reliability of the interpretation and provides new information on structure of adsorbed 

species. Formation of metal-adsorbate bond between the imidazole ring and copper was 

evidenced by 63Cu/65Cu isotopic frequency shift and theoretical modeling. Marker bands for 

structure and orientation of positive charge bearing SAM of N-(6-mercapto)hexylpyridinium 

(MHP) were evaluated [1]. The metal-sulfur stretching bands were assigned by combined 

electrochemical SERS and DFT modeling. Electrostatic attraction of inorganic anions and 

graphene oxide by MHP was revealed. It was found that peak position of surface bound anions 

shifts to lower wavenumbers comparing with the solution spectrum. Interaction of methylene 

groups with metal surface was revealed for both adsorbed peptides and SAMs at lower surface 

coverage by appearance of unusually low frequency soft C−H stretching mode at 2820−2835 

cm−1 [2]. Specific Raman features were disclosed by the differential multiwavelength Raman 

spectroscopy for redox transformations of thin polyaniline films from its oxidized to 

semioxidized, and to reduced forms within a broad range of solution pH and electrode potential 

[6].  SFG spectroscopy was used to study the structure of hen egg-white lysozyme aggregates 

adsorbed to lipid/water and air/water interfaces [8]. It was found that aggregates with parallel 

and antiparallel β-sheet structure together with smaller unordered aggregates and a denaturated 

protein are adsorbed to both interfaces. Finally, the structure of SAMs for highly efficient 

perovskite solar cells was revealed by SFG [9] and RAIRS methods.   
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NOVEL APPROACHES TO BATTERY TECHNOLOGIES: 

UNDERSTANDING THE MATERIALS CHALLENGE AND 

ALTERNATIVES TO LITHIUM  

Karl S. Ryder*,1, Anthony Lucio1 

1 Materials Centre, School of Chemistry, University of Leicester, Leicester LE1 7RH, UK 

* k.s.ryder@le.ac.uk 

The rapidly increasing demand for rechargeable battery systems in order to power 

stationary energy storage, mobile electronics and electric vehicles has generated acute technical 

and social challenges.  Much recent effort has focused on lithium-, sodium-, and magnesium-

based battery technologies, with lithium-ion batteries (LIB) dominating the current market 

share.  Although LIBs are widely used in everyday technology they possess significant 

drawbacks that limit their application e.g. geopolitical supply sensitivity of critical raw 

materials, difficulty in recycling used battery systems,1 and safety concerns.2  As a result, there 

are major efforts to develop battery systems to compete and replace the current technology.  

Even if new battery chemistries cannot match LIB performance metrics, the possibility of 

cheaper, safer and more environmentally friendly options are highly attractive. 

One very encouraging option is aluminium-based batteries.3  Aluminium is economically 

inexpensive, highly abundant and possess an energy density almost as good as Li.  Like Li, 

however, Al systems require non-aqueous electrolyte chemistries, as the reduction potential of 

Al is more negative than the evolution of hydrogen in aqueous-based electrolytes.  The 

development of non-aqueous electrolytes for Al battery systems has subsequently received 

significant attention with much of this focused on the study of ionic liquids.  However, most 

ionic liquids remain prohibitively expensive and are often difficult to handle. 

Here we present the study of novel ionic liquid analogue (ILA) electrolytes for aluminium 

electrodeposition that are based on salts of amidine Lewis bases. 4  The ILA electrolytes exhibit 

reversible voltammetric plating / stripping of Al, good ionic conductivity (10 – 14 mS cm-1) and 

relatively low viscosities (50 – 80 cP).  The observed rheological properties are an improvement 

on analogous amide-based ILAs and make these liquids credible alternatives to other ILAs 

based on urea or acetamide, or conventional chloroaluminate ILs for Al battery applications.  

We will describe the rheological and electrochemical properties of these electrolytes, including 

a study using QCM microgravimetry, in comparison to some of the other alternatives and 

speculate on the value of these systems to a new cell technology.   

 

This work was funded by the EU H2020-FETOPEN-1-2016-2017 G.A. 766581 SALBAGE and FET-

PROACT-EIC-06-2019 G.A. 951902 AMAPOLA projects. 
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Linas Vilčiauskas1* 
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Aqueous Na-ion batteries (ASIB) are one of the potential promising candidates for future 

stationary energy storage systems. NAtrium Super Ionic CONductor (NASICON) structure 

type materials are a very attractive class of ASIB electrode materials due to their great structural 

stability, fast ionic conductivity and great selection of redox potentials. However, there is still 

a number of issues to be solved before their full potential can be utilized. In addition to finding 

suitable new electrode materials there are also issues related to the stability of these materials 

in aqueous electrolyte solutions, morphological control and optimization etc. In my talk, I 

would like to present some of our recent contributions towards the understanding and 

applications of NASICON-type electrode materials for use in ASIBs.  

Various NASICON structured phosphates such as NaTi2(PO4)3, Na1+2xMnxTi2-x(PO4)3 (0.0 < 

x < 1.5) or Na3-xV2-xTix(PO4)3 (0.0 < x < 1.0) are prepared using a wide range of synthesis routes 

such as solid-state, sol-gel, solvothermal. Their structure, morphology and chemical 

composition is characterized by XRD, SEM, Raman, XPS, TEM, TGA, DTA, ICP-OES 

techniques. Electrochemical characterization is performed by CV, GCD, EIS, RRDE methods. 

A wide range of computational techniques such as DFT and cluster expansion are employed for 

fundamental understanding of atomic structure and energetics.  

Acknowledgements: This project has received funding from the European Regional Development Fund 

(Project No. 01.2.2-LMT-K-718-02-0005) under a grant agreement with the Research Council of Lithuania 

(LMTLT). 
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FIRST-PRINCIPLE CALCULATIONS FOR PHOTOCATALYTIC AND 

PHOTOVOLTAIC APPLICATIONS 

Sergei Piskunov*, In-Bai Lin, Inta Isakoviča, Dmitry Bocharov 

Institute of Solid State Physics, University of Latvia, Riga, Latvia 

* piskunov@cfi.lu.lv 

Due to the world's growing population and industrialization, the demand for energy is 

also increasing. Using fuels as an energy source produces greenhouse gases, which have a 

detrimental effect on the environment, especially global warming [1-3]. To mitigate this 

problem, it is important to develop alternative clean energy sources that can fulfill the energy 

demand. Harnessing energy directly from sunlight is one option to fulfill the need for clean 

energy and simultaneously have a negligible environmental effect [4]. Solar energy can be 

utilized in photovoltaic applications to generate electricity and to split water to produce 

hydrogen. Developing suitable photocatalysts for photovoltaic [5,6] and water splitting reaction 

[7], is an important step toward harnessing solar light efficiently.  

In this presentation we overview an approach allowing us modelling of photocatalyzed and 

photovoltaic reactions on surfaces of semiconducting TiO2 (nano)materials, used here as an 

example. Our approach is based on density functional theory (DFT) and time-dependent DFT 

(TDDFT) that explicitly accounts for the evolution of one-electron excited states. TDDFT for 

excited-state calculations involving single excitations to define absorption spectra of catalyst, 

as well as for simulation of charge transfer processes at the surface of TiO2 (nano)materials. 

Our calculations describe a large fraction of the processes occurring catalyst/water interface. 

These processes initiate at excitation and eventually result in charge separation, delocalization, 

and relaxation. They are accompanied by electron/hole trapping near the surface and their 

transfer back to the electrode (photoabsorber) or to the electrolyte. From our calculations we 

predict the possibility of hole-mediated splitting of molecularly adsorbed water on the surface 

of TiO2 (nano)materials. In our study we show a general computational strategy for describing 

photoexcited oxide/adsorbate interfaces and also demonstrate that the occurrence of water 

dissociation on the TiO2 (nano)materials depends sensitively on the local atomic environment 

and external parameters such as temperature.  

This research was funded by the M-ERA.NET project “Multiscale computer modelling, synthesis and rational 

design of photo(electro)catalysts for efficient visible-light-driven seawater splitting” (CatWatSplit). 
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ADVANCED ORGANIC MOLECULES FOR PEROVSKITE 

SOLAR CELLS 

Vytautas Getautis 
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The application of solar cells is one of the most promising solutions for satisfying the 

ever-increasing global energy demand. Recently, organic-inorganic hybrid lead halide 

perovskite solar cells (PSCs) are gathering attention and have emerged as an extremely 

promising photovoltaic technology due to their remarkable photovoltaic performance and 

potentially low production cost [1]. To date, progress has been made on each layer, with major 

emphasis on perovskite film processing and relevant material design. Since 2009, when 

Miyasaka and coworkers reported a 3.8% power conversion efficiency (PCE) of PSCs [2], the 

performance of these photovoltaic devices has increased dramatically and currently, PCE 

exceeds 25% [3].  

A typical conventional PSC consists of a lead-halide perovskite layer sandwiched by an 

electron-selective layer and an organic hole-selective material, which is an important 

counterpart to produce high efficiency due to effective hole extraction/collection and electron 

blocking from the perovskite to the metal anode. Despite significant efforts dedicated towards 

development of new hole transporting materials the field is still dominated by costly 2,2`,7,7`-

tetrakis(N,N-di-p-methoxyphenylamino)-9,9`-spirobifluorene (Spiro-OMeTAD). High cost of 

Spiro-OMeTAD arises from the prohibitively expensive synthesis and purification procedures 

used. 

This lecture will cover results of our recent investigations in the field of molecular 

engineering of small molecule hole transporting materials for perovskite solar cells. Our group 

has been successful in creating several classes of novel organic charge transporting materials, 

which are on a par with or even better than Spiro-OMeTAD. The molecularly engineered new 

hole transporting materials were synthesized in one or two steps from commercially available 

and relatively inexpensive starting reagents, resulting in up to several fold cost reduction of the 

final product compared with Spiro-OMeTAD. High solubility in organic solvents and ease of 

preparation makes these molecules very appealing for commercial prospects of photovoltaic 

devices.  
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Sequential extraction is a widely used technique for determining the solid speciation of 

a trace metal or radionuclide, which explains under what chemical or physical conditions the 

metal will be remobilised. The technique utilises a succession of chemical extractants, chosen 

to selectively dissolve the various geochemical phases likely to be affected by changes in 

environmental conditions within the sediment or the surrounding water. Metals and 

radionuclides associated with a given phase will be released upon dissolution of the host 

phase (Lucey at al. 2004). Sequential extraction technique, in which the sediment or soil is 

separated into defined, sequentially-dissolved phases via a series of increasingly aggressive 

chemical extractions, can be used to determine their geochemical associations indirectly. This 

can provide useful information on the potential migration of the radionuclides in soils 

(Kimber et al 2015). 

Two samples of non-boggy and waterlogged soils were taken in an untouched place 

near the lake Bedugnis, which is located in Varėna district. Physicochemical forms of tested 

radionuclides were studied in soil layers with maximum concentrations of the radionuclides 

since their content may be considered as the main source of further vertical migration of 

radionuclides. In both cases, maximum concentrations of the radionuclides were obtained at 

the same depth (6-8 layers). 

The geochemical forms of Pu and 
137

Cs as well as their migration opportunities in 

waterlogged and non-boggy soils significantly differ. Thus, in waterlogged soil where 

anaerobic conditions are usually formed, the most part of radiocesium (~99 %) was bound in 

the residue due to the presence of clay materials and its migration opportunities were 

restricted. In contrary, the greatest migration opportunities of radiocesium were found in non-

boggy soil under aerobic conditions. Thus, in the non-boggy soil core (6-8 layers), its 

exchangeable fractions varied in the range of 10.1 – 12.2 %. A radiocesium part in the residue 

amounted only ~61 - 71 %. 

In the studied layers of non-boggy soil, most of the 
239,240

Pu was in the oxide fraction 

(~45 - 54 %), lower in the residual (~23 - 40 %) fraction and then in the exchangeable one (~3 

%). In contrary, in the same layers of the waterlogged soil core, the most part of the 
239,240

Pu 

was concentrated in the organic matter fraction (49-53 %), less in the residual (16 - 28 %), 

oxide (12 - 16 %) fractions and in the exchangeable (10 - 14 %) fraction. The latter indicates a 

large migration capacity of plutonium under anoxia conditions and that absorption of 
239,240

Pu 

by clay materials is not a dominant factor. This means that in the studied soils in the area of 

Lake Bedugnis the radionuclide mobilizing factors act as opposite for radiocesium and 

plutonium Most of the stable elements were accumulated in the residual, organic matter and 

the oxide fractions. The distribution of Al in waterlogged soil was very similar to that of 
239,240

Pu (organic fraction> oxide and residual fractions). 

The results of this study indicate that the physicochemical forms of radionuclides in the 

soil are an indicator of their mobile capabilities and this method can be applied to the 

assessment of radionuclide migration potential of the contaminated area in different soils. 
References :1. Lucey J A, Gouzy A, Boust D, Vintro L L, Bowden L, Finegana P P, Kershaw P J, Mitchell PI. 2004.. Appl 

Radiat Isot 60: 379–385.. 
2. Kimber R L, Corkhill C L, Amos S, Livens F R, Lloyd J R. 2015.. J Environ Radioact 142: 96-102. 
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SYNTHESIS AND APPLICATION OF THIN FILMS OF GRAPHENE NANOCOMPOSITE CHITOSAN 
COPPER PLATINUM FOR ENVIRONMENTAL APPLICATION

Edith Flora Joel1*, Galina Lujanienė1, Sandra Stanionytė1, Martynas Skapas1, Loreta 
Leviskaitė2  
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 2 SRI Nature Research Centre, Vilnius, Lithuania  

edith.joel@ftmc.lt 

The non-toxicity of Chitosan when mixed with other metal composites can have a wide 
application of environmental application owing to its high biodegradability. On the other hand, 
graphene oxide is known for its mechanical strength as well as excellent chemical and physical 
properties. Although graphene oxide has high potential for applications in the environment sector, 
due to some limitations associated with its characteristics, Graphene Oxide-chitosan 
nanocomposites have found wide application in solving environmental issues [1]. Metal 
nanoparticles like platinum and copper and their oxides are known for their enhanced 
anticorrosive and adsorption properties [2]. Chitosan-graphene oxide-platinum-copper 
nanocomposites and its oxides immobilized on a thin chitosan film have been synthesized for the 
first time. Firstly, Graphene Oxide nanoparticles are obtained by a modified Hummers method. 
Chitosan oxide composite thin films were prepared by mixing an aqueous solution of 3% chitosan 
and 1.5 g of graphene oxide in the presence of diluted 1 % acetic acid [3].  
The Copper (Cu), Copper oxide (CuO), Cuprous Oxide (Cu2O) and Copper (I) perOxide(Cu2O2) 
were synthesised in the laboratory conditions by the reduction of copper sulphate pentahydrate. 
Later the platinum and copper / copper oxide nanoparticles were added to the synthesized 
graphene-oxide chitosan aqueous solution and ultrasonication was done so that the oxygen-
containing functional groups attract the platinum by electrostatic interaction [4]. The structural 
properties and swelling test, were performed to analyse the physical characteristics of the thin 
films. Finally, copper nanoparticles were also added along with the homogenous solution of 
Graphene Oxide-chitosan-platinum and sonication is completed and left overnight. The copper 
nanoparticles and the graphene oxide/chitosan nanoparticles were characterised by EDAX, XRD. 
After this, the films GO-CS-Pt-Cu, GO-CS-Pt-CuO, GO-CS-Pt-Cu2O, GO-CS-Pt-Cu2O2 were 
fabricated by the gel casting method aided by the self-healing ability of the chitosan framework. In 
conclusion, our studies form the basis for the prospective use of these nanocomposites as potential 
agents for antibacterial, cleaning, anticorrosion, and other environmental applications. 

REFERENCE: 
1.  Menazea, Abdelrahman A., et al. "Chitosan/graphene oxide composite as an effective removal of Ni, Cu, As, 
Cd and Pb from wastewater." Computational and Theoretical Chemistry 1189 (2020): 112980. 
2. .Nzaba, Sarre MK, Bhekie B. Mamba, and Alex T. Kuvarega. "Platinum Group Metal-Based Nanocatalysts 
for Environmental Decontamination." Nanocatalysts (2019). 
3. Han, Donglin, et al. "Preparation of chitosan/graphene oxide composite film with enhanced mechanical 
strength in the wet state." Carbohydrate Polymers 83.2 (2011): 653-658. 
4. Lu, Yang, et al. "Facile synthesis of graphene-like copper oxide nanofilms with enhanced electrochemical and 
photocatalytic properties in energy and environmental applications." ACS applied materials & interfaces 7.18 
(2015): 9682-9690.
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DEVELOPMENT AND APPLICATION OF CLAY-CHITOSAN-BASED 

NANOCOMPOSITES FOR SORPTION OF RADIONUCLIDES 

Karolina Karalevičiūtė1,2, Galina   Lujanienė2, Vidas Pakštas3 

1 Department of Analytical and Environmental Chemistry, Faculty of Chemistry and Geosciences, Vilnius 

University, Lithuania 
2 Department of Environmental Research, Center for Physical Sciences and Technology, Lithuania 

3Department of Characterisation of Materials Structure, Center for Physical Sciences and Technology, Lithuania 

karolina.karaleviciute@chgf.stud.vu.lt 

Nowadays, the main sources of environmental pollution are waste products of the various 

industrial enterprises. In this regard, the unique properties of natural minerals such as economic 

availability, ubiquity, chemical stability and their low cost have resulted in an increasing interest 

in their investigation and widespread application [1,2]. Clays and their minerals are a 

widespread and cheap material that has been successfully used for decades as an adsorbent for 

removing toxic heavy metals from aqueous solutions [3]. Clays and their minerals, both natural 

and modified have been used for environmental protection, industrial and medical applications. 

Clays often have very high surface area and cation exchange capacity that make them very useful 

for carrying several kinds of substances [4]. 

The aim of this study was to prepare clay-chitosan composites as an adsorbent with various 

clay concentrations and modifications, in order to apply them for sorption of radionuclides. 

In this research, chitosan powder was dissolved in 100 ml of an aqueous solution of acetic 

acid (1%, v/v), using a magnetic stirring plate at 90°C and 150 rpm for 1 hours and then cooling 

the solution to room temperature. In this study natural clay containing muscovite and two 

commercial minerals were used. Chitosan-clay composites were obtained by mixing the 

chitosan with different amounts of clay. The resulting composites were subjected to various 

chemical modifications. The obtained composites were applied for the sorption of cesium and 

cobalt. The adsorption of Cs(I) to composites was studied at pH from 3 to 9 at initial 

concentration of 3 g/L as well as at the Cs initial concentrations of 3, 6 and 10 g/L. Preliminary 

tests were performed to estimate applicability of nanocomposites for cobalt sorption.   Cs(I) 

solutions were traced with 137Cs, while Co(II) solutions with 60Co.  Cs(I) and Co(II) activity 

concentrations were measured by gamma spectrometry using a HPGe detector (resolution 1.9 

keV/1.33 Mev and efficiency 42%). The values of the chitosan-clay composite adsorption 

capacities varied as follows: from 52 to 482 mg/g at pH 3; from 246 to 688 mg/g at pH 5; from 

415 to 1048 mg/g  at pH 7; from 369 to 977 mg/g  at  pH 8 and from 297 to 1073 mg/g at pH 9.  
 

[1] Biswas S., Rashid T.U., Debnath T., Haque P. 2020. Application of Chitosan-Clay Biocomposite Beads for 
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[2] Shehap A.M., Nasr R.A., Mahfouz M.A., Ismail A.M. 2021. Preparation and characterizations of high doping 
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When developing a fast gas chromatography with negative-ion chemical ionization mass 

spectrometry (GC/NICI-MS) method matrix effects are a major issue. The effect of co-eluting 

compounds arising from the matrix can result in signal enhancement or suppression [1-3]. 

During the method development, much attention should be paid to diminish matrix effects as 

much as possible. The present work evaluates matrix effects from blood and urine samples in 

the simultaneous analysis of fifteen benzodiazepines. 

Therefore, the main aim of my study was to develop a new sensitive and specific 

analytical method based on a fast GC/NICI-MS using a mixed-mode solid-phase extraction 

(SPE) for the identification and quantification of these drugs in biological samples. Moreover, 

the speed of the analytical separation was emphasized by modifying various GC/NICI-MS 

parameters. The fully validated analytical method was applied for the quantification of several 

benzodiazepines in real blood and urine samples. 

The proposed GC/NICI-MS method coupled with a mixed-mode SPE (a strong cation-

exchange polymeric sorbent) and derivatization by N-(tert-butyldimethylsilyl)-N-methyl 

trifluoroacetamide:acetonitrile:ethyl acetate mixture (20:40:40 (v/v/v)) was shown to be 

useful for the analysis of benzodiazepines in biological samples. A derivatization step using 

different silylation reagents, duration, and temperature was investigated. This method is the 

fastest among the others reported up to now [1,2]. Under the optimized GC conditions 

derivatives of analytes were completely separated within 3.9 min. Sensitive and specific 

NICI-MS detection combined with fast GC resulted in a sharp and symmetric peak shape of 

the target analyte while maintaining sufficient resolution. Sample preparation conditions 

including a selection of the solvent for washing and elution steps, pH values were also 

optimized. To the best of my knowledge, this method has been used for the first time for the 

optimization of sample preparation at pH 1.0.  

The developed method for fifteen benzodiazepines determination in biological samples 

was validated following the recommendation for new methods [1,2]. The linear relationships 

with the correlation coefficients (r2) better than 0.9960 were evaluated. It was determined that 

extraction efficiency ranged from 82.9 (±6.2) % to 94.6 (±3.4) %. The precision (RSD) for 

benzodiazepines was 4.08 - 9.52 %, while the accuracy was in the range of 93.0 - 106.3 %. 

The developed method provides significant advantages in comparison with other previously 

published methods [1-3]. It shows higher sensitivity (the limit of detection ≤ 0.62 ng mL
-1

) in 

biological samples. Moreover, this method has several advantages: elimination of 

interferences, low-volume of samples (0.2 mL), and a multi-residue analysis. According to the 

results, the developed GC/NICI-MS-SPE method is accurate, sensitive, and specific enough to 

detect analytes after a long time use of a single oral administration of some drugs. 

Furthermore, this method enables to reach the highest specificity for major analytes and meets 

the requirements of good laboratory practice, especially when applied to pharmacodynamic 

investigations. Ultimately, the developed method has been applied in routine toxicological 

analysis during the investigation of both clinical and forensic cases. 
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Nuclear weapons tests, man-made disasters, for example, at the Chernobyl [1] and 

Fukushima-Daiichi nuclear power plants [2], as well as unintentional leaks, spills during the 

operation of nuclear facilities lead to environmental pollution with radionuclides and, as a 

consequence, a violation its integrity and negative impact on human health [3-5]. It is assumed 

that clay minerals and their composites play an important role in protecting the environment 

from the negative effects of radionuclides. Nowadays, clay minerals in terms of adsorption 

efficiency are not inferior to commercial adsorbents, and in some cases even surpass them. 

Clays are actively modified in order to increase their efficiency and selectivity in relation to 

pollutants. Combinations with clays, in the composition of the composite, other potential 

adsorbents, makes it possible to increase the efficiency of adsorption due to a synergistic effect, 

in addition, clays reduce the toxic effect of other components in the composition of the 

composite, for example, graphene oxide [6]. 

The aim of this study was to develop a Clay-Graphene Oxide (GO)-Magnetite 

(MG)/Maghemite (MGH) nanocomposite, as well as to study the adsorption behaviour of Cs(I) 

and Co(II) on this nanocomposite. The first step of preparation of the nanocomposite included 

the synthesis of individual components – GO and MG/MGH, the GO was obtained by the 

Hummers method, the MG/MGH by a co-precipitation reaction of ferrous and ferric ions. The 

synthesis of the nanocomposite included dispersing GO and MG/MGH in an ultrasonic bath for 

2 h, followed by the addition untreated triassic clay (Šaltiškiai in North Lithuania) to the 

solution, keeping the mixture under constant stirring in a flow of argon for 1.5 hours, at 60 °C. 

Then this mixture is centrifuged, the resulting nanocomposite is taken and dried in vacuum for 

24 hours. These nanocomposites were characterized using X-ray diffraction analysis (XRD), 

X-ray fluorescence analysis (XRF), scanning electron microscope (SEM), transmission electron 

microscope (TEM) and fourier-transform infrared spectroscopy (FTIR). To study the 

adsorption behaviour of Cs(I) and Co(II), various tests were carried out, depending on the 

concentration of the adsorbent and adsorbate, pH, temperature, contact time, as well as the 

adsorption of these metals in a binary system. The resulting nanocomposite proved to be 

effective in adsorption of Cs(I) and Co(II), where the maximum adsorption capacity was 2165 

mg/g and 627 mg/g. 
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 Contamination of wastewater with heavy metal ions is an important environmental 
problem and occurs in many industries. The use of polymeric materials as sorbents of metal ions 
has become quite widespread due to their high efficiency and lack of secondary contamination [1-
3]. Polymer adsorption composites based on fibrous materials have several advantages over other 
structural forms of adsorbents. They have an extremely high reaction surface area, which can be 
adjusted in a wide range, changing the type, linear density and shape of the surface of the fibers in 
the material. All mentioned factors intensify the adsorption process, increases the rate of removal 
of various contaminants and reduces the cost of water treatment. Fibrous waste from the textile 
industry can be a quite acceptable raw material for the production of nonwoven fibrous materials 
with adjustable physical and mechanical properties [4]. By modifying such materials with different 
types of dispersed mineral fillers, it is possible to create sorption-active fibrous composites. 

The purpose of the work is to create hybrid materials by modifying the nonwoven fibrous 
base with powdered mineral adsorbents to treat wastewater from heavy metal ions. 

Non-woven materials obtained from textile industry elastic fibrous waste were used as a 
basis in the work. They consisted of complex fibers Lycra 162C (linear density 4.4 tex) (PU), and 
fibers Nylon 6.6 f20/1 (linear density 3.3 tex) (PA-6.6) in a ratio of 70/30 wt. %. As an adsorbent 
used powders of clays of montmorillonite and paligorskite type in the amount of up to 30% by 
weight of nonwoven material.  

Determined the sequence of separate stages and rational parameters of the process of 
introduction of powder adsorbents into nonwoven fibrous materials. Determined the type and 
characteristics of the binder solution, which provides satisfactory fixation of adsorbent particles in 
the fibrous structure of the nonwoven material. Shown the effectiveness of the use of cationic 
surfactants in this process. Performed a comparative analysis of the sorption capacity (Cr3+) of the 
obtained samples of hybrid fibrous materials with different types of adsorbents. The highest 
efficiency of extraction of Cr3+ ions from solutions is demonstrated by samples containing clay 
adsorbent of paligorskite type when used as a binding aqueous-alcoholic solution (5 wt.%) 
copolyamide.  

Thus, the expediency of using the clay minerals of the palygorskite type as fillers for 
obtaining the fibrous materials with sorption properties using an aqueous-alcoholic copolyamide 
solution as a binder has been proved. Further research in this direction may be aimed at optimizing 
individual stages and the use of other types of adsorbents. 
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An excellent alternative to synthetic and chemical plant protection products are biological 

pesticides of natural origin made from plant extracts and/or essential oils. Artemisia dubia Wall. 

is a perennial herbaceous plant rarely found in Lithuania. The plant is mainly used for energy 

purposes due to its ability to accumulate large amounts of biomass in a short time [1]. Artemisia 

dubia Wall. belongs to the genus Artemisia, which is widely known for its valuable 

phytochemical properties [2], making it an attractive object for biotechnological research. The 

aim of this research was to evaluate the effect of different solvents (bidistilled water, methanol, 

ethanol, Urea, Triton X-100, sodium dodecyl sulfate (SDS)) on the extraction of bioactive 

compounds from Artemisia dubia Wall. plant and to determine antibacterial activity of the 

extracts. If the hypothesis that Artemisia dubia Wall. extracts indicate antibacterial activity 

would be confirmed, the extracts of this plant could be used to produce biological pesticides in 

the future. Replacing chemical plant protection products with biological ones is a strategic step 

in implementing the European Green Course program and reducing the environmental 

pollution. 

Plant material was grown and collected at Lithuanian Research Centre for Agriculture and 

Forestry in Kedainiai district. Extracts of dried Artemisia dubia Wall. were prepared using 

ultrasound-assisted extraction method. Total polyphenol content (using Folin-Ciocalteu 

reagent), total flavonoids (using AlCl3 reagent), total phenolic acids (using Arnow reagent) and 

radical scavenging activity (using DPPH reagent) were evaluated using spectrophotometric 

methods. Antibacterial activity was evaluated using agar well diffusion method against 5 

different bacteria: Salmonella typhimurium, Escherichia coli, Pseudomonas aeruginosa, 

Staphylococcus aureus and Bacillus subtilis.  

The largest amount of phenolic content was determined in 2% Triton X-100 extracts – 

98.4±9.29 RE mg/g, while the smallest amount was found in 1% Urea extracts – 39.72.78 RE 

mg/g. The largest amount of phenolic acids was determined in 5% Urea and 25% Ethanol 

extracts, respectively 53.43.42 and 55.73.39 CAE mg/g, while the smallest amount was 

obtained in 75% ethanol extract – 20.11.60 CAE mg/g. Six extracts indicated similar highest 

antioxidant activity, ranging from 78.67.28 to 86.93.01% per 0,5g of plant material, while 

10% Urea extracts indicated smallest antioxidant activity – 22.81,49% per 0,5g of plant 

material. The largest amount of flavonoids were obtained in surfactants, ranging from 

77.71.21 to 128.36.69 RE mg/g, while the smallest amount was obtained in bidistilled water 

and 1% Urea extracts, respectively 29.61.51 and 26.62.12 RE mg/g. The strongest 

antibacterial activity was observed in extracts prepared with surfactants, where Bacillus subtilis 

was most susceptible to 2% SDS extracts. 

Acknowledgement 

This research was carried out under EU structural funds grant No. 09.3.3.-LMT-K-712-24-0188.  

 

References 

1. Kryževičienė A., Šarūnaitė L., Stukonis V., Dabkevičius Z., Kadžiulienė Ž. (2010). Daugiamečių kiečių 

(Artemisia vulgaris L. ir Artemisia dubia Wall.) potencialo biokuro gamybai įvertinimas. Žemės ūkio 

mokslai, T. 17. Nr. 1–2. P. 32–40. 

2. Giang, P. M., et al. (2015). Phytochemical constituents of Artemisia dubia var. longeraceomsa forma 

tonkinensis. Chemistry of Natural Compounds, Vol. 51, No. 2. 

21



THE REVIEW OF AFFINITY SENSORS FOR THE DIAGNOSIS OF 
COVID-19 

Maryia Drobysh1*, Almira Ramanaviciene2, Roman Viter3,4, Arunas Ramanavicius1,2 
1Department of Functional Materials and Electronics, State Research Institute Center for Physical and 

Technological Sciences, Vilnius, Lithuania 
2NanoTechnas–Center of Nanotechnology and Materials Science, Faculty of Chemistry and Geosciences, Vilnius 

University, Vilnius, Lithuania 
3Center for Collective Use of Scientific Equipment, Sumy State University, 

Sumy, Ukraine  
4Institute of Atomic Physics and Spectroscopy, University of Latvia, Riga, Latvia 

*maryia.drobysh@ftmc.lt 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is a spherical structure 
inside which is a helically symmetrical nucleocapsid containing positive-sense single-stranded 
RNA. SARS-CoV-2 genome expresses open reading frames encoding structural proteins, 
namely, spike (S), envelope (E), nucleocapsid (N), and membrane (M) protein. The entry of the 
SARS-CoV-2 into the host triggers the sequential chain stimulation of the different immune 
cells leading to the inducing of the humoral immune responses by expressing antigen-specific 
antibodies, mostly, immunoglobulins M (IgM) and G (IgG). Commonly, the S- and N-proteins 
act as antigens for specific binding to antibodies.  

Reducing the dissemination rate by the implementation of fast and sensitive detection 
methods is the main tool against the spreading of SARS-CoV-2 causing the coronavirus disease 
2019 (COVID-19). There are three general strategies currently used to detect SARS-CoV-2 and 
to diagnose COVID-19, namely, molecular tests based on the determination of viral RNA [1], 
antigen tests based on the determination of viral proteins, and antibody tests based on the 
determination of specific antibodies against the coronavirus. Besides the conventional 
approaches, affinity biosensors also showed efficacy in the determination of SARS-CoV-2 
infection. Some of the sensors were reviewed in our paper [2].  

As an analytical signal source for biosensing, nucleic acid hybridization, antigen-antibody 
interactions, monitoring surface alterations, and changes of reactive oxygen species (ROS) 
levels [3] are employed. Among the overviewed antigen-antibody affinity sensors, molecularly 
imprinted polymers (MIP) based electrochemical sensor with the lowest detection limit (15 fM) 
was shown as more stable in comparison to protein based sensors [4]. The spectroscopic 
ellipsometry and surface plasmon resonance (SE/SPR) based technique made it possible to 
draw important conclusions about the structure of the antigen-antibody complex, as well as to 
study the kinetics of its formation, which is valuable for the design of new immunosensors [5]. 
The review revealed that the biosensors with electrochemical based signal registration prevail 
in biosensing development due to their cheapness, simplicity, and mass production capability.  
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In some recent biophysical and biochemical studies many different simplified biomimetic 

analogues of lipid membranes were widely used to evaluate/model structural and 

permeability/transport properties of more complex natural bio-membranes [1]. The tethered 

bilayer lipid membrane (tBLM) is a complex system that can be used as an experimental 

platform for fundamental studies of the structure and function of the biomembrane. Long-chain 

thiol compounds, such as 20-tetradecyloxy-3,6,9,12,15,18,22-heptaoxahexatricontane-1-thiol 

(WC14), can be utilized as "anchors" in self-assembled monolayer (SAM) synthesis, allowing 

the production of stable and repeatable phospholipid bilayers [2]. In this work, one of such 

models, tBLM on the gold surface is formed by using the fusion of vesicles [3]. This 

immobilized membrane alteration enables different biosensors to be produced by adding lipid 

components such as DOPC (1,2-dioleoyl-sn-glycero-3-phosphatidylcholine) and cholesterol 

[4], having stability that can be modified by adding molecules such as chlorophyll a (Chl-a). 

By including lipid components such as DOPC and Chol, which give extra stability, specific 

modifications of tBLMs are ideal for the construction of diverse biosensors. 

The investigation is performed by applying electrochemical impedance spectroscopy 

(EIS) to measure dielectric capacity and conductivity changes. Fluorescence microscopy (FM) 

is used to estimate the morphology of the membranes. The goal of this research is to see if the 

photoactive compound Chl-a could be incorporated into a tethered bilayer lipid membrane to 

create a platform that could be used to develop tBLM photosensitive surface constructs in the 

future, potentially for the development of new biosensors and biomimetic artificial leaves.  
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Applications of electrochemistry vary from sensors to energy storage, from electrolysis 

to fuel cells. One of the important fields of electroanalysis is biosensing. Biosensors act as a 

transducer converting a biological response into a detectable electrical signal [1], a biosensor 

can be used for several applications depending on its type. There are different types of 

biosensors ranging from enzyme based, tissue based, immunosensors, DNA biosensors, to 

thermal and piezoelectric ones [2]. The fast and efficient applicability of electrochemical based 

biosensors can be noticed form the recent COVID-19 crisis as a group of researchers made an 

electrochemical biosensor based on RNA detection for a rapid detection of the COVID-19 virus 

[3]. The electrochemical electrodes can be redesigned or functionalized to act as certain 

biosensors, e.g., the electrochemical measurement system can be embedded within a needle for 

glucose level measurement which can be an excellent solution for diabetics [4]. Carbon ceramic 

electrodes modified with single walled carbon nanotubes can be used for detection of codeine 

and caffeine [5]. 

 

3D printing is a crucial factor in additive manufacture as it allows the printing of 

customized and innovated designs [6]. Conductive filaments and polymers are usually used to 

print electrodes that can be used in electrochemical analysis and sensing applications. 3D 

electrodes are not yet widely used, but more and more researchers try to employ them in 

electrochemistry. Several examples of their fabrication techniques can be found in the literature, 

for example a group used 3D printed electrodes to monitor the brain activity [7], another group 

used a metal plated 3D printed electrode for the carbohydrates sensing [8].  

 

The aim of this study is to design, print and characterize customized 3D electrodes that 

can be further used in sensing application. The study can be extended to make customized 

filaments using different conductive polymers and nanomaterial allowing to study and define 

the effect of the selected polymers and nanomaterials on the sensor response and sensitivity. 
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Baker’s yeast (Saccharomyces cerevisiae) is one of the simplest single-cell fungal organisms. 

S. cerevisiae is cheap, widely used in the industry and in the household. Moreover, it is used as a 
cell model system by researchers because of its similarities to plant and eucaryotic cell catalytic 
pathways [1]. In order to develop accessible and low-cost tools for monitoring environmental 
issues a biosensor with living S. cerevisiae cells can be used [2]. In the current paper the 
toxicological effects of alcohols on living yeast cells are investigated by electrochemical methods. 
Alcohols are used in everyday life as a base in pharmaceutical tinctures and for cleaning products 
or sanitizers. For this study ethanol and isopropanol as extensively used alcohols were chosen for 
evaluating the influence to the viability of S. cerevisiae cells.  

Scanning electrochemical microscopy (SECM) is a device, which measures electrochemical 
characteristics locally [3]. It was used in this research due to its possibility to work in the 
microscale and quickly observe steady-state current. SECM consisted of a three-electrode system 
where the ultramicroelectrode (UME) is connected to a positioner that can move in three axes. The 
electrochemical signal is measured by scanning the surface of the sample. In previous our research, 
the toxicity of 9,10-phenantrenequinone was investigated [4]. It was found that toxic materials can 
be used for the development of biosensors if they are applied in low concentrations. Good results 
were obtained by using toxic materials in biofuel cells, especially if they are immobilized on the 
electrode rather than adding them to the solution. In the current research, the yeast were used for 
the detection of ethanol and isopropanol in electrochemical cell. It was found that SECM can be 
used for the detection of ethanol/isopropanol concentrations up to 4 mM. 
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Phospholipid bilayer membrane (BLM) models on solid support is a convenient subject 

for investigating interactions between proteins and biological membranes. Recently, metal 

oxide surfaces have been applied for phospholipid membrane formation [1,2,3]. These 

substrates became attractive as solid supports for their commercial availability and low price. 

Metal oxides could be easily functionalised with self-assembled monolayers (SAMs) by silane 

chemistry. These SAMs act as anchoring units for immobilisation of the BLMs. Such 

membranes could be easily characterised with surface sensitive techniques, such as atomic force 

microscopy, electrochemical impedance spectroscopy, surface plasmon resonance. 

 In this paper inexpensive and commercially available fluorine doped tin oxide (FTO) 

was functionalised with either octadecyltricholorosilane (OTS), or a mix of OTS and 

methyltrichlorosilane (MTS). Vesicle fusion method was applied for the BLM formation. 

Membrane consisted of 60 mol% 1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) and 40 

mol% cholesterol (Chol). Biological relevancy of the membrane was tested using  

phospholipase A2, melittin and α-hemolysin. 

Overall, presented results confirmed, that phospholipid membrane was formed on FTO 

surface and it could be applied for the development of biosensors for toxin detection. 
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Prussian blue (PB) is an inorganic pigment widely applied in formation of sensors and 

biosensors. The application of PB in biosensors is based on PB’s sensitivity to various 

parameters of the medium, which are changing during enzymatic reactions, e.g. change in H2O2 

concentration [1, 2, 3], change in NH4
+ ion concentration [4] or pH [3, 5]. The sensitivity of PB 

to hydrogen peroxide is based on chemical reaction between reduced form of PB, which is 

called Prussian white (PW), and H2O2 (1): 

𝐾2𝐹𝑒𝐼𝐼[𝐹𝑒𝐼𝐼(𝐶𝑁)6] (𝑃𝑊) + 𝐾+ + 𝐻2𝑂2 → 𝐾𝐹𝑒𝐼𝐼𝐼[𝐹𝑒𝐼𝐼(𝐶𝑁)6] (𝑃𝐵) +  𝐻2𝑂   (1) 

Hydrogen peroxide-caused oxidation of PW can be monitored optically, since PW 

changes its color from transparent to deep blue when it is oxidized by H2O2 [1, 3]. Therefore, 

optical biosensors which involves PW sensitivity to glucose have been successfully used to 

detect glucose. Moreover, when potential value around 0 V vs Ag|AgCl|KCl(sat.) is applied to 

PB layer, PB exhibits electrocatalytic activity in reduction of hydrogen peroxide [2]. Special 

attention should be paid to very low potential (0 V vs Ag|AgCl|KCl(sat.)) at which PB acts as a 

catalyst in H2O2 reduction – at low values of potential interferences of the most electrochemical 

active species presented in clinical sample is avoided [6], therefore, the usage of PB allows to 

create electrochemical glucose biosensors which exhibit high reliability. 

The sensitivity of PB to NH4
+, K+, Cs+ and Rb+ ions is based on unique role of this ions 

in reduction of PB. When PB is being reduced to PW, these ions (NH4
+, K+, Cs+ and Rb+) are 

intercalating into the crystal lattice of PB to maintain charge neutrality of newly-formed PW 

[4]. Moreover, concentration of NH4
+, K+, Cs+ and Rb+ affects reduction potential of PB, thus, 

PB can be used as signal transducer for electrochemical or electrochromic biosensors which 

involve urease [4]. 

PB exhibits two types of sensitivity to pH: (i) when PB is formed in so-called “insoluble” 

form, Prussian blue undergoes reversible hydrolysis in alkaline conditions [2], therefore, PB 

can be used to monitor changes in pH which occurs during enzymatic reactions; (ii) PB also 

exhibits dependency of charge transfer resistance on pH – when PB is being reduced to PW or 

PW is being oxidized to PB, hydrogen ions are considered to participate in electron-hopping 

conduction mechanism through the PB layer [5], therefore, pH of solution affects intensity of 

charge transport through the layer of PB. 

The aim of this work is to analyze the performance of PB as a signal transducer in 

enzymatic biosensors, to highlight the common problems which occurs during PB-based 

sensing and to discuss possible ways to improve reliability and overall performance of PB-

based biosensors. The applicability of structural analogues of PB (PBsa) in biosensors and 

comparison between analytical performance of PB and PBsa are also discussed in this work. 
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The amount of dyes used in various industries is increasing, posing a risk to the 

environment and human health. Organic dyes into wastewater generally get from the coloring 

and rinsing procedures. Catalytic degradation of the dyes could be as an alternative method for 

adsorption processes. Various iron-based materials (oxides, hydroxides and oxyhydroxides) are 

classified as promising heterogeneous Fenton catalysts [1, 2]. Recently, the catalytic activity of 

iron-rich wastes of various composition generated during industrial processes were tested for 

activating hydrogen peroxide. The purpose of this study was to evaluate the efficiency of 

groundwater treatment waste (GWTW) in catalytic oxidative degradation of organic pollutant 

the chromium complex azodye used for anodized aluminum coloring. The sunlight as a cheap 

and sustainable source of energy was explored. The catalyst was characterized using SEM (Fig. 

1a), XPS, FTIR and X-ray fluorescence spectroscopy. The main components of GWTW are 

ferrihydrite (Fe(OH)3), goethite (-FeOOH) and hematite (-Fe2O3) that can activate the 

decomposition of peroxide leading to radical formation. The activity of GWTW catalyst in 

oxidative degradation of metal complex dye has been investigated depending on the solution 

pH, catalyst loading (Fig. 1b), reaction time and temperature. The dye anions (RSO3
-) are 

electrostatically attracted by the positive catalyst surface, where the dye degradation process in 

the presence of H2O2 occurs. The rate of the dye degradation increased with increase in catalyst 

dose from 0.5 to 1.0 g/L. The rise in temperature from 20 to 60 °C and solution acidity from 

pH 5 to pH 3 positively influenced the dye removal process. The obtained results show that the 

nanostructured GWTW produced as a result of the deironing of groundwater by cascade 

aeration is an effective catalyst in the Fenton-like oxidation of metal complex dye in the 

presence H2O2 leading to discoloration of wastewater. 

  

Fig. 1. SEM image of the surface morphology of the GWTW catalyst dried at room temperature (a); impact of 

GWTW catalyst loading and reaction time on the dye degradation efficiency (b). 
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There are two main "cementing" materials in a derma tissue of skin/hide. One of them is 

the hyaluronic acid which considerable amount is removing during the process of soaking. The 

second is acidic dermatan sulphate. The highly charged dermatan sulphate glycosaminoglycan 

side chains are split from the proteoglycan backbone by the strong alkali. The amount of 

dermatan sulphate depends on the hide or skin type, section and layer [1]. 

The development of enzymatic unhairing process has raised the question, what the 

influence have the enzymes on dermatan sulphate in the treated hide? 

To get the answer, an action of sodium sulphide separately and of sodium sulphide 

combined with proteolytic enzyme (enzyme preparation NUE O.6 MPX) on a kinetic of change 

of both collagen proteins and dermatan sulphate changes was explored.  

The use of unhairing solution containing 7 g/l Na2S and 0.3 NUE O.6 MPX during the 

treatment led to lowering of dermatan sulphate content in the hide (Table).  

Table 1. Influence of treatment duration by solution of Na2S+NUE O.6 MPX on dermatan sulphate content 

in the treated hide 

Treatment duration  
Amount of dermatan sulphate in hide, 

% 

Removal of dermatan sulphate, 

% 

Hide after soaking (0 hours) 0.51 - 

Treatment 6 hours 0.36 29 

Treatment 10 hours 0.33 35 

Treatment 24 hours 0.28 45 

The treatment with application of enzyme removes dermatan sulphate from hide. The 

most intense process goes during first 6 hours, later the process slows down. Accordingly, the 

enzymes plays active role in the dermatan sulphate removal and, parallel, influences on the 

properties of unhaired hide. The investigation is continued. 
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Current lifestyle has led to the extensive usage of cosmetic and personal care products 

(CPCPs) all over the world. The occurrence of CPCP residues in domestic sewage, municipal 

wastewater and wastewater treatment systems is inevitable. The monitoring results showed 

their ambient accumulation exhibiting an increasing trend during the recent years. Parabens can 

be used in various CPCPs as preservatives, also they are quite easy to be used at industrial scale. 

However, parabens are great danger to ecosystem due to their potential toxicity, estrogen-

mimicking and carcinogenic properties [1]. These complications create a need for search for 

new ways to additionally eliminate those contaminants. 

In this study the synthesized microgranular starch acetates (SA) have been tested as a 

potential sorbents for removal of alkyl parabens from aqueous medium. 

The adsorption of alkyl parabens, namely methylparaben (MP), ethylparaben (EP) and 

propylparaben (PP), on SA microgranules in water has been investigated by employing the 

equilibrium adsorption method. It was found that adsorption of parabens on SA proceeded 

rapidly during the first 10 min (see Fig. 1A). The obtained isotherms of methyl-, ethyl- and 

propylparabens adsorption on SA at 20 °C are presented in Fig. 1B. 

  

A B 

Fig. 1. Adsorption kinetics (A) and isotherms (B) of alkyl parabens on SA at 20 °C. Symbols represent 

experimental data and the lines represent fitted curves of the Langmuir adsorption model in (B) 

The Langmuir, Freundlich and Dubinin–Radushkevich adsorption models were used to 

describe the adsorption isotherms and the main parameters of adsorption models such as the 

Langmuir sorption capacity (QL), the Freundlich constant (nF) and the Dubinin-Radushkevich 

adsorption energy (EDR) values were calculated and revealed that adsorption occurred due to 

physical forces. The Langmuir sorption capacity QL was increasing by increasing the length of 

alkyl chain in paraben molecule, in the following order: propylparaben > ethylparaben > 

methylparaben. To summarize, SA granules can be promising adsorbent for the removal of 

parabens from aqueous medium. 
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In the context of the overuse of fossil fuels, such as coal and oil, world is now facing 

environmental, energy and health challenges. Some studies have indicated that microalgae are 

a promising feedstock of biofuel for alternating fossil fuels. Since microalgae are small in size, 

of approximately 2–12 μm, and possesses a negatively charged surface, the algal cells are 

suspended in medium as colloidal particles. Microalgae harvesting is difficult, time consuming, 

and costly. Among the traditional microalgae harvesting methods are flotation, filtration, 

centrifugation and flocculation. Flocculation is a comparatively low-cost method that can be 

applied at large scale. The synthetic flocculants are derived from petroleum products. Therefore, 

the starch-based flocculants could be a suitable alternative to replace synthetic ones [1]. The 

aim of this investigation was to obtain cationic starches (CS) and to evaluate their thermal, 

biodegradation and flocculation properties. 

Cationic starches of different degree of substitution were obtained by etherification of 

native potato starch with 3-chloro-2- hydroxypropyl trimethylammonium chloride by using 

NaOH and CaO additives. The CS biodegradation tests in a compost were carried out according 

to ISO 14855-2 standard. The thermal properties of CS and microalgae were also evaluated. 

The flocculation properties were assessed by evaluating filtration efficiency of microalgae 

dispersions using a standard capillary suction time apparatus. It was determined that microalgae 

flocs would be readily and rapidly dewatered after the destabilization process involving CS 

flocculant (see Fig. 1). Hence, CS can be considered as an effective biodegradable modified 

starch flocculant suitable for thickening and dewatering of microalgae. 

 

    
a b c d 

Fig. 1. The photographs of microalgae dispersion (a), dewatered microalgae (b), microalgae dispersion after 

flocculation with CS0.28 (c), dewatered microalgae after flocculation (d). Microalgae concentration was 0.7 g/l  

The use of derivatives of natural starch e.g. cationic starches has the advantages of both 

low price and biodegradability, moreover, their decomposition products are environmentally 

friendly, and they can be produced from renewable sources. 
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Renewable energy sources are important in reducing dependence on fossil fuels in 

developing the EU's green course. Therefore, alternative energy sources such as straw, husks 

and other combustible bio-waste are being sought. Every year in Lithuania, about 130–140 

thousand tons of straw suitable for biofuel production are used. The reuse of biomass ash in 

agriculture is important to create nutrient cycles, thus there exists great potential in the use of 

biomass as a fertilizers [1, 2]. 

 In order for biomass ash to be used as a fertilizer in large quantities and become a 

commodity, it must meet certain requirements of both producers and consumers. Fertilizers 

composition must meets to the needs of plants; active substances must be in a form accessible 

to plants; fertilizer must be effectives and do not pose a threat to human safety and the 

environment [3]. 

Considering that the ecological buckwheat (JSC "Ekofrisa") husk ash contains  

35–39 % soluble potassium (calculated as K2O) and about 6 % phosphorus soluble in mineral 

acids (calculated as P2O5), but no nitrogen, were added materials which consists nitrogen and 

phosphorus (ammonium sulphate and ammonium hydrogen phosphate).  After granulation of 

compound fertilizers (Fig. 1) using different (20–60 %) retour content and different (20–24 %) 

moisture content, the largest part of the marketable fraction (2–5 mm granules) was up to 57 %.  

 
Fig. 1. Buckwheat husk ash: a – ash powders; b – fertilizers granules 

The most important properties of granular fertilizers, as values of granular static strength, 

bulk density, moisture, and 10 % concentration solution of fertilizer were analysed. 
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Cellulose microfibrils are insoluble cable-like structures that are typically composed of 

approximately 36 hydrogen-bonded chains containing 500 to 14,000 β-1,4-linked glucose 

molecules. Cellulose microfibrils comprise the core component of the cell walls that surround each 

cell. Roughly one-third of the total mass of many plants is cellulose. The long, inelastic, 

microfibrils wrap around cells in spatially oriented overlapping layers that provide resistance to 

osmotic pressures that are similar in magnitude to the air pressure in a car tire. The pressure of the 

plasma membrane against the cell wall rigidifies the cell walls, providing the turgor that allows 

plants to adopt an erect growth habit [1, 2].  

In order to determine the optimal parameters of the granular product (the composition of the 

raw material, the particle size distribution, the granules strength, the moisture content) using 

microcrystalline cellulose, various mixtures of raw materials were granulated in laboratory 

conditions. Crystalline potassium dihydrogen phosphate was granulated by using a drum 

granulator. Potassium phosphate granulation was performed by using only different amount of 

water (Fig. 1), and other way - by adding water and binder i.e. cellulose (Fig. 2). Microcrystalline 

cellulose (commonly used in pharmaceutical applications) was used for granulation. Pellet 

properties were investigated by standard methods, and surface uniformity assessment was made by 

scanning electron microscopy techniques. 

 

 

Fig. 1. SEM photos of a product, granulated only with 

water (no microcrystalline cellulose) with different 

magnifications: 

 a – 500; b – 700; c – 2000 

 

 

 

Fig. 2. SEM photos of product granulated with 

cellulose and water with different magnifications:  

a – 200; b – 500; c – 1000 

 

Figure 2, it is evident that when pharmaceutical grade cellulose was used for granulation, more 

spherical-shaped pellets were formed in comparison to the pellets formed when granulating with 

water only. 
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Biogas is a rapidly growing alternative to natural gas. This gas mixture is produced during 

anaerobic digestion  of  organic  materials,  this  makes  biogas  production  an  attractive  choice 

in lowering the accumulation of organic waste in landfills. The composition of biogas depends 

on digestion process specifics and chosen raw materials. Even in ideal circumstances, methane 

– the active component, is not the only  material  present  in  the  mixture.  Other gases,  such  

as  CO2, O2,  H2S  and  others,  either decrease  the  calorific  value  of  biogas  or  cause  

corrosive  damage  to  instruments  used  in  biogas exploitation. The  objective  of  this  paper  

was  to  design  a  theoretical  technological  schematic,  to remove CO2 from biogas and by 

doing that, turning the mixture into the highly calorific biomethane. Biogas production stream  

from “Kauno Nuotekų Valykla” (eng. -Kaunas sewage treatment plant), made  during  anaerobic  

digestion  of  wastewater  sludge,  a  process  which  was  analyzed  during professional practice, 

was chosen as the raw material scheme for the schematic. This stream is equal to 7119,2 kg/h 

of biogas. The goal  for the technological  schematic was to get a gas stream of 97% 

(molar)methane  concentration,  by  removing  a  large  portion  of  CO2from  the  raw  material  

stream. Chemical  absorption  by  MDEA  was  chosen  as  the  biogas  cleaning  method. The  

schematic  can  be divided  into  3 distinct  sections:  CO2absorption,  MDEA  regeneration,  

preparation of  the  MDEA mixture for  a  new  absorption  cycle. The  separated  CO2 was  

used  as  a  raw  material  for  unrelated processes,  MDEA  was  fully  regenerated and  reused. 

The  designed  technological  schematic  can produce 4781,31 kg/h of biomethane, which, if 

used as fuel for electricity, can produce up to 69057 kWh of electricity. Operating the system 

requires 5500 kWh of electricity, or ~8% of the potential product energy output. Aspen HYSYS 

was chosen as the designing application. 

 
Fig. 1. Full technological schematic for CO2 chemical absorption via an MDEA solution 
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Essential oils are derived from plants and are denoted by antibacterial, antioxidant, anti-

cancer and anti-inflammatory properties. However, they are chemically unstable and sensitive 

to degradation. Encapsulation is an effective tool to prepare oil-based high-quality and 

beneficial products in various industries in order to enhance their chemical, oxidative, and 

thermal stability [1]. 

The aim of this study is the preservation of the active properties of essential oils by 

encapsulation them in starch sodium octenylsuccinate (OSA). Several encapsulation techniques 

were chosen for eugenol (EU) and thyme essential oil (TH) encapsulation: emulsions 

containing OSA and EU or TH were prepared; nano spray drying of emulsions was performed. 

Firstly, six emulsions containing 20% of OSA and 2%, 2.5%, 10% of EU or TH were obtained 

by using high-shear homogenisator. Afterwards, EU or TH were encapsulated in OSA by using 

nano spray dryer. The obtained OSA-EU and OSA-TH capsules were characterized by scanning 

electron microscopy (SEM), Fourier transform infrared spectroscopy and thermogravimetric 

analysis (TA). According to SEM and TA, the diameter of obtained capsules was 0.5 to 1 µm 

and the thermal stability of capsules containing eugenol was higher, respectively. The release 

studies of EU and TH from capsules into ethanol were performed (Fig. 1, A) and the antioxidant 

activity of capsules was determined (Fig. 2, B). 

  
              (A)                     (B) 

Fig. 1. The released amount of EU and TH depending on time (A) and the antioxidant activity of OSA-EU and 

OSA-TH capsules (B) 

It has been found that encapsulated EU and TH maintain its antioxidant activity and active 

compounds could be released into ethanol. The study showed that 70 % of EU and 96 % of TH 

amount were released into ethanol medium over 360 minutes. The antioxidant activity of 

capsules containing EU was significantly higher than TH. Depending on active compounds 

concentration in capsules, the antioxidant activity of OSA-EU and OSA-TH was varied from 

13 to 85 % and from 8 to 23 %, respectively. 
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One of the most popular and most common ways to control the solubility of the fertilizer 

is the production of coated/encapsulated fertilizers [1]. This method allows to reduce the 

solubility of fertilizers and increases absorption time of nutrient. The coating can be performed 

using various materials, but the most widely applicable and known coated fertilizers are 

obtained by coating with sulfur, with polymers or with layers of sulfur and polymer [2]. The 

rate and the mechanism of nutrient release from coated granules process depend on the nature 

of the coating, its thickness as well as capillary diffusion of the solvent and the solution. The 

most efficient technique is coating of granules with synthetic polymers, but such films usually 

do not decompose in the soil and causes serious environmental pollution problems because 

macromolecular fragments of synthetic polymer remain in the soil. Good and possible way is 

to produce controlled-release fertilizers (CRF) using biodegradable materials, either natural 

materials or biosynthetic materials from renewable raw materials [3].  

The aim of is work is to explore the possibilities of application of native wheat starch 

coating in the production of slow-release fertilizers. Starch is a natural polymer available in 

large amounts from several renewable plant sources, and it is the cheapest biopolymer and it is 

entirely biodegradable. Unfortunately, using starch in its native form as effective coating 

material is often limited due to its poor solubility, low mechanical properties and instability at 

high temperature and pH. Poly (vinyl alcohol) (PVA) is a water soluble, semi-crystalline, fully 

biodegradable and non-toxic polymer, extensively used in paper coating, textile sizing, drug 

release and flexible water-soluble packaging films [4].  

In this work we were preparing the different formulations composite films by a solution-

casting method. Materials used for the preparation of composites: native wheat starch 

(AB „Roquette Amilina”), poly (vinyl alcohol) (TCI, (CH₂CH)n, n = approx. 1700), molasses 

(UAB “Lietuvos cukrus”) and glycerol (GLY) of analytical grade as plasticizer.  

The properties of different formulations obtained by modifying bending ratio of starch, 

glycerol and PVA were also investigated. The degree of swelling and stability in different pH 

value and different salt solutions were evaluated [5]. Stability of the composite films was 

verified by instrumental (IR, STA, XRD) methods. Studies of the biodegradability of composite 

films were performed in different soils at different moisture contents. PVA films modified with 

wheat starch and molasses have been found to be stable to fertilizers but much more 

biodegradable. 

A biodegradable starch / polyvinyl alcohol (PVA) blend film obtained in this study is 

suitable for coating the soluble granular fertilizer has been prepared.  
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Mayenite (C12A7), one of calcium aluminate minerals with C/A=1.7, has stimulated the 

research interest because of its better accelerator effect-rapid hardening activity [1], oxygen 

mobility, ionic conductivity and catalytic properties in comparison with the other calcium 

aluminates [2,3]. C12A7 can be employed as a functional component for OPC to regulate the 

consumption rate of sulphates, and the amount and type of carbonate phases in hydrated 

products can be modified. The influence of C12A7 on the compressive strength of mortars 

mainly relates to its hydration behavior, properties of hydrated products and interactions of 

hydrated products between C12A7 and primary OPC minerals [4]. For this reason, the main 

objective of the present work is to determine the influence of mayenite additive on the early 

stage hydration of Portland cement.  

Mayenite synthesis was carried out in two stages: hydrothermal synthesis (4 h, 130 °C) 

and calcined (1 h, at 350 °C (CA1), 550 °C (CA2) and 900 °C (CA3)) [5]. Samples of OPC 

were prepared in a laboratory grinding mill by grinding cement clinker (JSC “Akmenes 

cementas”, Lithuania) with a 4.5 % additive of gypsum (“Sigma-Aldrich”, Germany) up to Sa 

= 450 m2/kg. As these reactions are exothermic, isothermal calorimetry is among the most 

accurate methods to monitor the global reaction process through the rate of heat production. 

The synthetic products were added as a partial replacement of OPC at level of 7,5 % by weight 

of the total cementitious material. Therefore, the water and cement ratio of all OPC samples 

was equal to 0.5. The microcalorimetric data showed, synthetic calcined additives accelerated 

the initial reaction (1-3 min) of cement samples because an increase in the maximum heat 

evolution rate was observed from 0.005 W/g (pure OPC) to 0.1 W/g (OPC with additives). It 

was determined that, during the initial hydration reaction in the samples with additives, an 

intensive interaction between mayenite and gypsum proceeded, which led to the formation of 

ettringite and amorphous aluminium hydroxide. It was examined that after 21-60 min of 

hydration of samples with additives, CASH or/and monosulphate or/and CAH were crystallized 

into the products and the hydration mechanism of cement samples was changed. The products 

were characterized using X-ray powder diffraction, simultaneous thermal analysis.  
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As the human population grows, so does the need of the commercial animal production 

grows also, and inorganic phosphate supplements play an important role in the animal feed 

industry. Calcium phosphates, the most widely used phosphate supplements, supply essential 

minerals for the development.  In the animals bones are stored 99 % of total calcium and 80 

% of total phosphorus. The skeletal stores of calcium and phosphorus are used to meet dietary 

inadequacies. Magnesium is a building material for bones and teeth, and is a significant part 

of various enzymes and plays an important part in metabolism. Along with calcium, 

magnesium ensures normal functioning of the nervous and muscular systems (muscles 

contains more magnesium than calcium). Long-term deficiencies of P, Ca and Mg can cause 

bones to weaken and even break, and muscles can to weaken and atrophy. The optimum ratio 

of calcium, magnesium and phosphorus in supplements is Са:Mg = 1:0.5; Са:Р = 1:1.5 [1–4]. 

Powder phosphates are not suitable for use because they are dusty, hygroscopic and by long 

store, they lost powdery. Therefore, the aim of this work was to select the proper method of 

granulation of feed phosphates. The calcium and magnesium phosphates produced of calcined 

dolomite by decomposition by phosphoric acid were granulated using a drum and a fluid bed 

granulator (Fig.1). 

 
a b  

Fig. 1. Granulation equipment: a – drum granulator; b – fluid bed granulator 

Was determined that by using a fluid bed granulator were produced smaller, weaker and more 

dry granules then by using a drum granulator. The granulometric composition of the product 

depends on the chosen granulation method and on the moisture content of the initial 

granulation material. When calcium phosphate were granulating by using drum granulator, 

the optimum moisture content in the raw material mixture is about 20–26% in order to obtain 

the highest quantity (about 77–85%) marketable fraction (1–3 mm). The optimum moisture 

content of raw materials is 15.5 % in order to obtain the highest quantity (about 65–73%) 

marketable fraction (1–3 mm) in the raw material mixture by using fluid bed granulator. 

However, both granulators can be use, depending on the parameters of the granular product 

desired. 

References 

1. Animal Feeds: Phosphate Supplements. Chemical Economics Handbook. 2019. 

2. A. Cooke. Comprehensive Reviews in Food Science and Food Safety. Dietary Food‐Additive Phosphate and 

Human Health Outcomes 2017. DOI 10.1111/1541-4337.12275 

3. L. Stewart. Mineral Supplements for Beef Cattle, UGA Cooperative Extension Bulletin 895. 2017.  

4. A. L. Lindsay Bazydlo, M. Needham, S. Neil Harris. Calcium, Magnesium, and Phosphate, Laboratory 

Medicine, 45(1) (2014) 44–50.  

38

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Cooke%2C+Allison
https://doi.org/10.1111/1541-4337.12275


WASTE – FREE PRODUCTION OF GAS SILICATE BLOCKS  
 

Zenonas Valančius, Virginija Valančienė 
 

Department of Silicate Technology, Kaunas University of Technology, 

Radvilėnų 19, LT – 50270, Kaunas, Lithuania;  

zenonas.valancius@ktu.lt; 

 
Autoclaved aerated concrete (AAC) masonry products are very popular in the construction 

market and are currently widely used. However, the production of such masonry products 

inevitably generates two types of waste: “off cut” of non-autoclaved aerated concrete (ACW) 

which are formed by trimming the mass from the molds before hydrothermal treatment and 

autoclaved aerated concrete, which remain on the mold base after autoclaving (AACW) [1–3]. 

It is known that about 3–5% of the latter waste is generated and recovery of it is not fully 

resolved [1, 3]. Therefore the aim of the study was to investigate the possibility of using AACW 

as an admixture in the production of new AAC – gas silicate blocks.  

The following composition of the mixture (AC0) was chosen: cement – 17.5, lime – 12.5, 

gypsum – 2.5, sand slurry – 50.0, ACW slurry – 20, aluminum paste – 0.11. The water/solids 

ratio was equal to 0.8. The sand in the forming mixture was replaced by 6.25 % (AC1), 12.5 % 

(AC2) and 18.75 % (AC3) of AACW during research. All required amount of raw materials 

was weighed at the beginning of mixing. First, required quantities of sand and ACW slurries 

were mixed with water together. Second, Portland cement, lime, gypsum and AACW were 

added. Finally, aluminum paste suspension was placed. The samples were hardened in a 

laboratory autoclave with a saturated water vapor temperature of 190 °C and an isothermal 

holding time of 11 h.  

The dependency of mechanical properties, porosity, pore size distribution, and 

mineralogical composition of the AAC samples on composition of forming mass were 

determinate. Samples were analyzed by XRD, STA, optical microscopy and SEM analysis. The 

obtained research results are presented in the Table 1. 

 
Table 1. Mechanical properties of AAC samples 

 Blowing height, % Density, kg/m3 Compressive strength, MPa 

AC0 28 540 2.20 

AC1 28 546 2.25 

AC2 29 535 2.50 

AC3 30 530 1.80 

 

According to obtained results, samples in which 12.5 % of the sand is replaced by AACW 

have the highest mechanical strength and sufficient density. Changes in mineralogical 

composition (increasing amount of tobermorite), among other factors, affect the increase in the 

compressive strength of the samples. AACW can be used successfully in the production of new 

AAC because the technological process does not change, and the values of compression 

strength and other properties are close or even better than the values of the samples without 

additives. 
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The paint is widely used for coloring various objects or for pigmented coating of the surface 

for a decorative or protective effect. There are many types of paint, the use of which is decided 

according to the purpose and use of the object. Titanium oxide is used as a bleaching agent in 

the production of white silicate water-based paints, which has the highest value in the total cost 

of the paint. The aim is therefore to look for a way in which at least part of it can be replaced 

by cheaper components or even production waste. 

One such waste could be the phosphogypsum formed by AB „Lifosa“, calcium sulphate, 

which is visually very white. The aim of this work is to produce white, textured, water-based 

paints using silicate waste - phosphogypsum, which would correspond in quality to industrial 

paints. Preliminary studies have shown that phosphogypsum is only suitable as a dye filler. The 

study produced high-quality paints that complied with paint regulations. 

In the work we used analogous raw materials used by one of the silicate paint manufacturers 

in Lithuania UAB “Maestro team”. 

 
Table 1. Chemical composition of paints produced 
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Studies on the effect of phosphogypsum content on paint properties have shown that it can 

be added to the mass up to 30 . However, the addition of phosphogypsum significantly 

acidifies the mass, causing the paint to lose its performance relatively quickly. Continuing the 

work, it was found that using a small amount of CaO in the paint mixture can produce paints 

that match the properties of industrial paints in terms of physical and mechanical properties: 

such paints have a higher whiteness, better wet cleaning resistance, the same coverage as 

industrial paints. 

We can draw the following conclusions: 

1. The use of phosphogypsum as a filler can reduce the amount of TiO2 in paints and 

produce whiter paints than existing industrial paints. Its permissible amount is up to 30 . 

2. The use of an additional preservative CaO can extend the life of the paint and improve 

other physical properties. It should be added 5  of the phosphogypsum content. 
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Reversible hydration of CO2 to protons and bicarbonate is catalyzed by twelve alpha 

carbonic anhydrase (CA) isozymes found in human body. This is a crucial reaction for the 

respiratory processes and CO2 transport between tissues, in pH regulation and homeostasis [1]. 

Increased expression levels of several CA isozymes are associated with many diseases. CAs are 

established therapeutic targets of cancer (CA IX and CA XII), glaucoma (CA II, CA IV, CA 

XII) and obesity (CA VA and CA VB). Currently, most of the research is focused on designing 

and developing inhibitors against CA IX that show potential for treating solid tumors [2]. 

Pyrroles 2a,b were obtained from hydrazides 1a,b by their reactions with hexane-2,5-dione 

in propan-2-ol at reflux (Scheme 1). Furthermore, there was an attempt to synthesize  

3,5-dimethylpyrrazoles using the same method. Unfortunately, only one of desired products 

(compound 3) was obtained. In attempt to synthesize non-chlorinated analogue of compound 

3, pyrazole 4 was isolated from reaction mixture. It was suggested, that due to acidic properties 

of pentane-2,4-dione, 2-pyrrolidone ring closure had occurred during the reaction. However, it 

is suspected that some steric hindrance, which occurs due to chlorine substitute at C-2 of phenyl 

ring, prevents the closure of 2-pyrrolidone ring during synthesis of compound 3. Furthermore, 

reactions of hydrazides 1a,b with corresponding methyl or phenyl isothiocyanate in DMF led 

to the formation of carbothioamides 5,6a,b, which were further cyclized into triazoles 7,8a,b. 

 

 

Scheme 1. Synthesis of benzensulfonamide-bearing azole derivatives. 

The structures of all synthesized compounds have been confirmed by the data of  1H and 
13C NMR, FT-IR spectroscopy as well as mass spectrometry data. Compound binding to human 

CA isoforms was measured by fluorescent thermal shift assay. The compounds bound CAs with 

submicromolar affinity. 
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Multicomponent Reactions (MCRs) in which three or more starting materials react to 

form a product, where basically all or most of the atoms contribute to the newly formed 

derivative, are considered to be an important methodological arsenal in synthetic and medicinal 

chemistry [1]. These reactions have been strategically employed in various synthetic 

transformations comparing to classical methods that usually involve many steps with difficult 

procedures. MCRs exhibit advantages such as atom economy and waste prevention, because of 

the reduced number of work-up, extraction and purification procedures [2]. Therefore MCRs 

are often considered as useful alternative to sequential multistep synthesis. 

Pyrazole containing compounds are considered pharmacologically important because of 

many biological activities such as antioxidant, antibacterial, anticancer, anti-inflammatory and 

more [3,4]. This heterocyclic moiety can be found in structures of many well-known drugs for 

different therapeutic treatments.  

In order to explore synthesis of novel pyrazole-containing by MCRs, 3-substituted 1H-

pyrazole-4-carbaldehyde was used as a starting material. A one-stage four-component reaction 

was optimized and successfully applied to obtain novel 6-amino-3-methyl-4-(1-phenyl-1H-

pyrazol-4-yl)-2,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile which was further subjected to 

AlCl3 catalyzed Friedländer reaction [5]. A series of novel polycyclic 2H-

pyrazolo[4’,3’:5,6]pyrano[2,3-b]quinoline-5-amine derivatives were obtained in fair to good 

yields. Also a multicomponent Hantzsch pyridine synthesis was used for the synthesis of 1H-

pyrazol-4-yl-2,6-dimethyl-1,4-dihidropyridine-3,5-dicarboxylates that were further oxidised to 

1H-pyrazol-4-yl-2,6-dimethylpyridine-3,5-dicarboxylates. The structures of the synthesized 

compounds were confirmed by 1H, 13C and 15N NMR spectroscopical investigation. 
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Carbonic anhydrases (CAs) are enzymes implicated in a wide range of diseases, including 

epilepsy, obesity, glaucoma and cancer. Selective inhibition of CAs by synthetic inhibitors-drugs 

could be used for their treatment. Primary sulfonamides are the most important class of CA inhibitors 

[1–2]. In this study a group of 4-substituted-benzensulfonamides bearing hydrazone moieties (Fig. 1) 

was synthesized and compound binding affinity to CA isozymes was evaluated.  

In the synthesis, compound 1 was alkylated with methyl bromoacetate in ethanol to give ester 2. 

Ethyl 2-[(2,6-dichloro-4-sulfamoylphenyl)amino]acetate (3) was synthesized by treating 2 with HCl in 

the presence of hydrogen peroxide. The obtained esters 2, 3 were converted to the hydrazides 4, 5. The 

prepared starting compounds 4, 5 were treated with various aldehydes or ketones and hydrazone-type 

compounds 6-13 were obtained.  

 

Fig. 1. Synthesis of substituted benzenesulfonamides 2-13 

The binding affinity of synthesized hydrazone-bearing derivatives for eight carbonic anhydrase 

isozymes was determined. Several compounds exhibited low nanomolar dissociation constants for 

isozyme CA VB, which is implicated in diseases of the central nervous system and obesity. 
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 Heat shock protein 90 (Hsp90) is an ATP-dependent molecular chaperone responsible 

for maintaining the conformation, stability and function of its client proteins. It constitutes  

1-2% of total cell proteins and the amount is doubled in cellular stress conditions [1]. Hsp90 

clients include many oncogenic proteins responsible for cell cycle progression, cellular 

proliferation, invasion and metastasis. Moreover, studies show that Hsp90 shows a higher 

affinity to small-molecule inhibitors in malignant cells than in normal cells [2]. Hence making 

Hsp90 a promising target for cancer therapy. 

Hsp90 inhibitors may be categorized according to their structure. The major class under 

investigation is molecules containing resorcinol moiety, that are based on the natural compound 

Radicicol. Active synthetic structures usually contain an alkyl group in the 4th position and a 

5-membered ring in the 6th position, connected to another substitute, such as in compound 

Ganetespib, currently undergoing clinical trials [3].  

 
In continuance to our work where a set of 4-(2,4-dihydroxyphenyl)-1,2,3-thiadiazoles 

were studied [4], we designed a synthetic pathway to obtain 4-isopropyl-6-(1-substituted 1H-

imidazol-5-yl)benzene-1,3-diols. 2,4-dihydroxy-5-isopropylbenzaldehyde 1 and primary 

amines gave imines 2a-p, which were used in cyclization with 1-(isocyanomethanesulfonyl)-

4-methylbenzene to form imidazoles 3a-p. The biological activity is to be discussed in the 

poster presentation. 
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Lipid raft hypothesis suggests that cell membrane is composed of rigid compartments 

(liquid-ordered phase Lo) enriched with sphingolipids and cholesterol floating in the sea of 

glycerophospholipids (liquid-disordered phase Ld) [1]. It has been shown that Lo phase is 

involved in many normal cellular processes such as signal transduction and cholesterol 

homeostasis, while also being significant in evolution of neurodegenerative diseases such as 

Alzheimer’s [2]. To elucidate the importance of lipid rafts for cellular processes it is important 

to visualize these domains in living cells. This can be achieved by environment-sensitive dyes 

that can discern between Ld and Lo phases based on their ability to sense differences in polarity 

[3]. Probes that sense polarity by their fluorescence lifetime are immensely useful in cell 

imaging by using FLIM (fluorescence lifetime imaging microscopy) [4]. In this communication 

we report four red-emitting BODIPY polarity sensors that were synthesized and tested in model 

lipid membranes (Fig. 1.). Initial BODIPY fluorophores were synthesized by methods well 

described in literature [5]. Afterwards we introduced bromine atoms into the 2,6 and 2,3,5,6 

positions of BODIPY core to produce brominated dyes. Finally, Pd-catalyzed cross-coupling 

reaction between brominated dyes and 2-(tributylstannyl)tiophene was employed to produce 

red-emitting polarity probes. After synthesis, fluorophores were inserted into LUV’s (large 

unilamellar vesicles) that were produced by extrusion. Ld liposomes were formed from DOPC, 

while Lo phase was obtained from a mixture of DOPC/DPPC and cholesterol. The fluorescence 

lifetime of all the probes was shorter in Ld phase. This can be explained by the fact that our 

probes have faster decays in polar environments. On the other hand, the difference of 

fluorescence lifetimes was higher for disubstituted probes (-OC10H21: 0.314 ns; -OC16H33: 0.439 

ns) than for the tetrasubstituted ones (-OC10H21: 0.084 ns; -OC16H33: 0.129 ns), meaning that 

BDP-(Tioph)2 fluorophores can discriminate lipid rafts from the Ld phase more effectively than 

BDP-(Tioph)4 probes. Also, it is important to notice that the length of the alkoxy group at the 

meso position does not significantly affect the photophysical properties of these dyes. 

 

Fig. 1. Di- and tetra- substituted BODIPY polarity sensors. 

RŽ thanks to European Social Fund for funding this project (No. 09.3.3-LMT-K-712-22-0167) under the 

grant agreement with Lithuanian Academy of Sciences. 
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Amphoteric starch contains both cationic and anionic groups in the same molecule. 

Cationic starch derivatives are starch ethers prepared by using tertiary amino or quaternary 

ammonium groups containing reagents. Meanwhile, anionic starches can be synthesized by 

introducing phosphate, phosphonate, sulfate, sulfonate or carboxyl groups into starch 

molecules. The introduction of positively and negatively charged groups into starch may be 

realized by using several approaches: firstly anionization and thereafter cationization or firstly 

cationization and after that anionization. 

Bioactive compounds such as caffeic acid and natural green coffee bean extract possess 

good antimicrobial and antioxidant properties. However, these compounds are unstable and 

quickly lose their beneficial properties. The biological activity of phenolic compounds could 

be preserved by the immobilization in amphoteric starch derivatives which have both positively 

and negatively charged groups and could form complexes with negatively and positively 

charged compounds. 

The aim of the present work was to prepare amphoteric hydroxyethyl starches 

(CHES/AHES) of different composition and investigate their interaction with caffeic acid (CA) 

and natural green coffee bean extract (GCBE). 

Preparation of CHES/AHES has been achieved by using two - step reaction approach as 

demonstrated in the synthesis scheme in Fig. 1. 

Fig. 1. Two – step synthesis scheme for preparation of amphoteric starches 

Firstly, cationic hydroxyethyl starches (CHES) were prepared by the reaction of 

hydroxyethyl starch with (2,3-epoxypropyl)trimethylammonium chloride in the presence of 

sodium hydroxide at 45C for 24 h [1]. Synthesized CHES then were reacted with 

monochloroacetic acid in alkaline solution at 55 C for 48 h. Consequently, by changing the 

molar ratios of cationic and anionic reagents four different CHES/AHES samples were 

obtained. 

Water soluble amphoteric hydroxyethyl starch derivatives were used for polyelectrolyte 

complex formation in water between amphoteric hydroxyethyl starch derivatives and 

components of GCBE. Water insoluble amphoteric hydroxyethyl starch derivatives were used 

for interaction with CA acid via adsorption process. 
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Histone deacetylases (HDACs) are a family of enzymes that modulate the acetylation of 

histones and non-histone proteins. HDACs play an essential role in many biological processes 

such as gene regulation, transcription, cell proliferation, angiogenesis, migration, 

differentiation and metastasis [1]. HDACs have been proven to be promising therapeutic 

targets for cancer treatment, particularly of hematological malignancies, based on the 

successful clinical approval of six HDAC inhibitors to date: vorinostat, romidepsin, 

belinostat, panobinostat, pracinostat, and chidamide [2]. Pyrimidines are widely spread in 

nature and occupy an exclusive place, mainly due to their importance for living organisms and 

wide range of biological activities of their derivatives [3, 4]. Pyrimidine moiety is a building 

block for several new drugs introduced to the marked every year [5]. In this context and 

continuing our work dedicated to the development of efficient methods for the synthesis of 

functionalized pyrimidines [6, 7], we present herein the synthesis of pyrimidine-based 

hydroxamic acids and 1,3,4-oxadiazole-2-thiones 1–3. 

 

The inhibitory activity of ompounds 1–3 against HDAC4 and HDAC8 isoforms were 

tested. Several compounds were micromolar HDAC inhibitors.  
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Phosphorescence is generally known as the radiative transition between two states with the 

different spin-multiplicities. This phenomenon is often observed for inorganic materials and 

organometallic complex materials [1]. Recently, room-temperature phosphorescence (RTP) 

from pure organic materials has attracted great attention owing to its various functional 

applications in organic light-emitting diodes, digital security, optical recording devices, 

sensors, for bioimaging etc. [2]. Since phosphorescence originates because of a spin-forbidden 

transition, decay times of phosphorescence (10-6 to 10-2 s) are typically longer than those of 

fluorescence (10-9 to 10-7 s) [3]. The triplet excited state of RTP material. provides longer 

lifetimes of emission and this facilitates the design of relatively inexpensive optical sensing 

systems based on decay-time measurements. The interference from short-lived fluorescence 

and scattering light can be easily avoided using an appropriate delay time and the larger Stokes’ 

shifts of the RTP process simplifying the spectral separation between the excitation light and 

the phosphorescence emission [5]. Four differently bromine substituted naphthalimide 

derivatives synthesized in two steps, i.e. bromination and imidisazation. The films of all the 

synthesized compounds exhibited room-temperature phosphorescence. Thermal properties 

were studied by thermogravimetric analysis and differential scanning calorimetry. 

Electrochemical properties studied by cyclic voltammetry properties and photophysical 

properties will also be reported. 
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1,2,4-Triazole scaffold is a promising pharmacophore due to biological activity of its 

derivatives and extensive structural modification capability. 1,2,4-Triazole-3-thione derivatives 

as well as aldimine derivatives bearing various heterocyclic moieties possess antimicrobial, 

antioxidant, anticancer, anticonvulsant, anti-inflammatory, antiviral, antipyretic, etc. activity.  

The target aldimine derivatives 4-13 were synthesized from 1,2,4-triazol-3-yl-

thioacetohydrazide 3 and corresponding aldehydes in methanol (Scheme 1) [1,2]. 

 

 4 5 6 7 8 

R 
     

 9 10 11 12 13 

R 

     

Scheme 1. Synthesis of 1,2,4-triazol-3-yl-thioacetohydrazides 4-13  

Screening of the antioxidant activity of the synthesized compounds 4-13 has revealed that 

N'-(4-methylbenzylidene)-2-((4-phenyl-5-(2-(phenylamino)ethyl)-4H-1,2,4-triazol-3-

yl)thio)acetohydrazide (4) possesses the highest DPPH radical scavenging activity as 

determined by DPPH radical scavenging assay and 2-((4-phenyl-5-(2-(phenylamino)ethyl)-4H-

1,2,4-triazol-3-yl)thio)-N'-(pyridin-3-ylmethylene)acetohydrazide (7) exhibits the strongest 

reducing activity as identified by the reducing power assay. 2-((4-Phenyl-5-(2-

(phenylamino)ethyl)-4H-1,2,4-triazol-3-yl)thio)-N'-(pyridin-4-ylmethylene)acetohydrazide (6) 

has shown the highest antibacterial activity against Escherichia coli, Rhizobium radiobacter, 

and Xanthomonas campestris bacteria among the tested compounds 4-13 by agar diffusion 

method.  
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Reactive oxygen species (ROS) are responsible for many cell disorders and the 

development of many undesired processes. Unfavourable environmental conditions result in 

the overproduction of ROS that leads to oxidative cell injuries at high concentrations. There is 

a growing interest in search of new bioactive compounds possessing antioxidant properties. 

Derivatives containing the 1,3,4-thiadiazole and 1,3,4-oxadiazole nuclei exhibit a wide range 

of pharmacological activities that include antioxidant, antimicrobial, anticancer and 

antitubercular properties [1, 2].  

Reactions of N-(4-methylphenyl)-β-alanine hydrazide with phenyl isocyanate or phenyl 

isothiocyanate, depending on the molar ratio of the reacting substances, gave 

semicarbazides/semithiocarbazides or their phenylcarbamoyl derivatives, which underwent 

cyclisation under acidic conditions to provide target 1,3,4-oxadiazole or 1,3,4-thiadiazole 

derivatives [3].  

 

Scheme. Synthesis of azoles  

Screening of the antioxidant activity of the synthesized compounds by ferric reducing 

antioxidant power assay (FRAP) has revealed that N-(3,5-dimethylphenyl)-5-{2-[(4-

methylphenyl)amino]ethyl}-1,3,4-oxadiazole-2-amine and 3-(4-methylphenyl)-1-phenyl-3-{2-

[5-(phenylamino)-1,3,4-thiadiazol-2-yl]ethyl}thiourea possess the highest antioxidant activity 

in comparison with the synthetic antioxidant butylated hydroxytoluene (BHT). 

N-(4-Methylphenyl)-5-{2-[(4-methylphenyl)amino]ethyl}-1,3,4-thiadiazole-2-amine has 

been identified as possessing the highest antibacterial activity against Escherichia coli, 

Xanthomonas campestris, and Bacillus subtilis bacteria by agar diffusion method. 
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Isoxazoles represent a large group of compounds, the most of which display broad spectrum 

of pharmacological properties such as antibacterial [1], anti-inflammatory [2], anticancer [3], 

antioxidant [4]. The literature survey showed that the substitution on the isoxazole ring provides 

different activity of the compounds. 

Taking into account the above-mentioned facts, as a starting material for the study we have 

selected a 4-amino-N-(5-methylisoxazol-3-yl)benzenesulfonamide (1), which is known as 

Sulfamethoxazole, an antibiotic used for the treatment of the bacterial infections such as 

bronchitis, urinary tract infections, prostatitis as well as is effective against both Gram negative 

and positive bacteria [5].  

An interaction of sulfonamide 1 with acrylic acid in water at reflux afforded -amino acid 2 

(Scheme 1) in 95% yield. The esterification of the obtained acid 2 was performed with 

methanol, and the formed methyl ester 3 was applied for the preparation of hydrazide 4. The 

reaction was performed with hydrazine monohydrate in propan-2-ol at reflux for 24 hours and 

gave acid hydrazide 4, which then was condensed with various aromatic aldehydes to form the 

appropriate hydrazones 5a−e. The reactions were carried out in 1,4-dioxane at reflux for 24 

hours in the presence of a catalytic amount of hydrochloric acid.  

 

Scheme 1. Synthesis of 4-amino-N-(5-methylisoxazol-3-yl)benzenesulfonamide derivatives 2−6. 

To expand the variety of sulfonamide derivatives the amidation reaction of acid 2 was 

carried out. It was performed in DMSO at room temperature, at stirring for 20 h, in the 

presence of HBTU as a coupling agent in combination with TEA and gave the amide 6. The 

synthesized compounds were confirmed by their spectroscopic and elemental analyses data. 
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The phenomenon of concentration quenching has been investigated throughout the last 

century, however, its origin is not fully understood to this day. An example of such occurrence 

has been observed in chlorophyll solutions: at higher concentrations the relative fluorescence 

intensity becomes dependent on concentration and starts decreasing [1]. It is important to note 

that in artificial systems the fluorescence is usually significantly quenched at fluorophore 

concentrations typical to that of unquenched in vivo photosynthetic systems. 

In this work, concentration quenching in a two-dimensional system was simulated using 

approach similar to Ref. [2]. Molecules were scattered in a certain area using a uniform 

distribution, and different concentrations were obtained by changing the number of them. When 

two or more molecules were closer to each other than a certain distance (Rtrap), they formed a 

trap; excitation, after reaching a trap, could not escape. At the initial time moment, excitation 

was distributed equally among all non-trap molecules. Time dependence of the total excitation 

probability was calculated by solving the system of kinetic equations with energy transfer rates 

between the molecules being proportional to the inverse sixth power of the distance between 

the molecules, following the Förster level of description. Obtained results are shown in Fig. 1. 

As expected, we can observe that in larger concentrations quenching is more rapid. 

This model was used to fit the experimental data of chlorophylls in monolayers [3], 

however, it turned out that such a simple model cannot explain the data sufficiently well, and a 

more sophisticated model will be presented in the conference. 

 
Fig. 1. Dependence of mean excitation lifetime on different molecular concentrations and relative amount of 

traps. 
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Photosynthesis has always been one of the most essential processes throughout the 

development of life on Earth and still has this crucial role today: it allows not only thousands 

of bacteria, algae and plants to exist but also the codependent animal species to survive. 

About the same amount of photosynthesis processes are carried out on land and in water, 

however, it is possible to find photosynthetic organisms in such extremes as deserts or 80 

meters deep into the sea [1]. However, one of the most important, but oftentimes forgotten 

type of photosynthesis–carrying organisms are diatoms – microalgae comprising 

phytoplankton and accounting for nearly 20 % of global carbon dioxide fixation [2]. 

Moreover, diatoms have an exceptional light-harvesting complex, fucoxanthin-chlorophyll 

protein (FCP), which differs from the light-harvesting complex found in higher plants, as it 

has such chromophores as chlorophyll c and fucoxanthin, which guarantee light absorption in 

the blue-green visible region available in water. Nonetheless, the first crystallographic 

structure from Pheodactylum tricornutum diatom was identified only in 2019 [3], which can 

allow developing a more thorough theoretical understanding of FCP.  

In this study, the Protein Database structure of FCP retrieved from Phaeodactylum 

tricornutum [3] was used to model the first excited state of chlorophylls (Chl) and use these 

results to determine their interaction energy. The first excited state of chosen Chl a and c 

pigments was modeled using TD-DFT level of theory with different functionals and basis sets. 

The best suited functional and basis set combination proved to be CAM-B3LYP/6-31G(d) and 

the phytyl tail of pigments was cropped as it had very little impact on transition dipole 

moment direction and its absolute value. Then first excited states of all of the chlorophylls 

from FCP were modeled with CAM-B3LYP/6-31G(d) at TD-DFT level and the transition 

dipole moments were calculated. The Chl a and c transition dipole moment ratio was found to 

be close to the expected value from experimental results: between 2.6 and 2.7, depending on 

chlorophyll c subtype. Then structural information about the alignment of pigments in the 

protein was used to model interaction of pigments applying point dipole approximation. These 

calculations indicate that the strongest interactions occur within the crystallographically 

determined Chl clusters: there is always at least one strong interaction between Chl c and a 

and within Chl a pair. The Förster energy transfer analysis showed that the inverse energy 

transfer rate is 1-5 ps in the same chlorophyll cluster, which is a result of strong 

interchromophore interactions. Moreover, these results also indicate fast energy transfer 

between chlorophyll c and a, which is a few picosenconds long and coincides with previous 

experimental results. 
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Singlet–singlet annihilation is a common phenomenon in molecular structures. It is often 

difficult to provide experimental conditions that could prevent annihilation; therefore, it might 

often be necessary to account for annihilation while analyzing data. 

Simple annihilation model can be described by rate equation Eq. 1: 

 
d𝑛

d𝑡
= −𝛾𝑛2, (1) 

here 𝑛(𝑡) is the mean number of remaining excitations in the system at time t and 𝛾 is the rate 

constant for annihilation. In this model, the size of molecular aggregate, excitation transfer rate 

across the aggregate, and initial population of excitations are considered to be very large. In 

order to include finite transfer rate, 𝛾 must be considered as a function of time, which for one-

dimensional systems at longer times can be approximated by a power law [1]. More precise 

statistical model accounts for the discrete number of excitations, but still considers the whole 

aggregate as a supermolecule, resulting in the system of Pauli Master equations [2]. 

To account for both finite transfer rate and discrete number of excitations in annihilation 

model, we have chosen to use Monte Carlo method. The model is based on continuous time 

random walk. After sufficient number of lattices have been generated, the average kinetics of 

specific initial number of exitations is calculated (Fig. 1). The average kinetics is later 

recalculated considering that initial distribution of excitations obeys a Poisson distribution. The 

kinetics is then approximated using Eq. 2 to evaluate the 𝛾(𝑡) dependence: 

 
d𝑛

d𝑡
= −𝛾(𝑡)𝑛2 − 𝑘𝑟𝑒𝑙𝑛. (2) 

Here 𝑘𝑟𝑒𝑙 is the rate constant for relaxation.  

 
Fig. 1. Excitation population kinetics in one-dimensional aggregate (ninit is the initial population size, molecular 

lattice size is N = 100 nodes). When one excitation is left in the lattice, quenching becomes exponential due to 

linear relaxation (relaxation rate is krel = 10−2 ktransfer). 
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Zinc-nickel 3D coatings were made on a titanium plate (ZnNi/Ti) by electrochemical 

deposition from a solution that contained 0.4 M Zn(NO3)2 and 2 M NiSO4. Electroplating was 

performed under different time and current density conditions: 1) 500 mAcm-2 for 1 min; 2) 

50 mAcm-2 for 1 min and 500 mAcm-2 for 5 min; 3) 50 mAcm-2 for 1.5 min, 250 mAcm-2 for 1.5 

min and 500 mAcm-2 for 2 min. Coating surface and combination of chemical elements were 

inspected using scanning electron microscopy, energy-dispersive X-ray spectroscopy, X-ray 

diffraction, and inductively coupled plasma optical emission spectroscopy. To compare and 

evaluate the electrocatalytic activity of the coated electrodes for the hydrogen peroxide reduction 

reaction, a cyclic voltammetry method was used. The cyclic voltammograms were recorded in a 

0.1 M KOH and 0.05 M H2O2 solution at a potential scan rate of 10 mV s–1 in a potential range 
from -0.8 to 0.2 V vs. Ag/AgCl at a temperature of 25 °C. The highest electroactivity for hydrogen 
peroxide reduction reaction was achieved with ZnNi/Ti coating, consisting of 45 at. % of Zn and 
55 at. % of Ni. 
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LMT-K-712-19-0138) under grant agreement with the Research Council of Lithuania (LMTLT). 
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Here we present a simple approach to prepare 3D structure zinc-nickel coatings on 

titanium (ZnNi/Ti) by electrochemical method. ZnNi coatings were electroplated on the Ti 

surface from a bath containing 1 M Zn(NO3)2, and 1 M NiSO4. The electrochemical deposition 

was carried out at the different current densities and times: i) 500 mAcm-2 for 1 min; ii) 50 

mAcm-2 for 1 min and 500 mAcm-2 for 5 min; iii) 50 mAcm-2 for 1.5 min, 250 mAcm-2 for 1.5 

min and 500 mAcm-2 for 2 min. The morphology and composition of the catalysts were 

examined using scanning electron microscopy, energy dispersive X-ray spectroscopy, X-ray 

diffraction, and inductively coupled plasma optical emission spectroscopy. The electrocatalytic 

properties of the prepared ZnNi/Ti catalysts for oxygen evolution reaction were investigаted by 

recording linear scan voltаmmogrаms in a 1 M KOH solution at а potentiаl scаn rаte of 10 mV 

s–1 in a potential range from OCP up to 1 V vs. Аg/АgCl/KClsаt аt а temperature of 25 up to 

75 ºC. The highest electroactivity for oxygen evolution reaction was obtained using ZnNi/Ti 

coating, which contains 20 at.% of Zn and 80 at.% of Ni. 
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Biodegradable implants are one of the promising areas of Mg and its alloys application. 

Implant materials must be biocompatible, which is defined as the ability of materials not to 

cause severe adverse reactions in organisms. Mg is a non-toxic, easily adsorbed element, 

naturally occurring in the tissues of living organisms and involved in physiological processes. 

The aim of this work was to electrochemically form calcium hydroxyapatite (CHAp) coatings 

on AZ31 alloy, identify their composition, structural morphology and corrosive behavior in 

balance Hanks' salt solution. X-ray diffraction method showed that coating consists of ~ 41% 

of calcium hydroxyapatite Ca10(PO4)6(OH)2 and ~ 59% of calcium hydroxylapatite 

Ca5(PO4)3(OH). SEM-EDX and 3D optical microscopy methods revealed that CHAp coatings 

have dendritic morphology, they are uneven, coarse, highly porous and have large variations in 

coating thickness (Fig.1). The corrosion behaviour of AZ31 alloy was investigated by 

electrochemical methods. It was found that CHAp coating increases the resistance of AZ31 to 

pitting corrosion. CHAp coatings with the best parameters were formed by galvanostatic 

method with deposition current of -0.5 mA·cm-2. As can be seen from Tafel dependences in 

Figure 2, the open circuit potential of the galvanostatically coated AZ31/CHAp electrodes 

shifted to a range of more positive values compared to the uncoated AZ31 electrode (curve 4). 

The largest positive shift of ~0.1V was found for the CHAp coating, with deposition time of 

120 min (thickness for reference 13.8µm). 

 
Fig.1. SEM images of surface (1-3) and cross-section 

(4) of CHAp coating deposited by galvanostatic method 

(ik=0.5 mA·cm-2, 60 min) at different magnifications: 1 

- 500x, 2, 4 - 6500x, 3 - 20000x. 

 
Fig. 2.  Tafel plots of AZ31/CHAp electrodes 

formed by galvanostatic method. CHAp coating 

deposition current density ik=0.5 mA·cm-2, 

deposition times: 1- 30 min; 2 - 60 min; 3 - 120 

min; 4 - AZ31. 
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Dopamine (DA) is a neurotransmitter that plays several important roles in the brain and 

body. It has been involved in motivation, memory, attention and even regulating body 

movements [1]. When dopamine is released in large amounts, it creates feelings of pleasure and 

reward, which motivates you to repeat a specific behavior. In contrast, low levels of dopamine 

are linked to reduced motivation and decreased enthusiasm for things that would excite most 

people. Moreover, a common nervous disease that occurs in the deficiency of DA is depression, 

hallucinosis, Alzheimer’s, and Parkinson’s [2]. Therefore, the precise determination of DA and 

the development of sensitive and selective platforms for the detection of DA have become an 

important issue in clinical diagnosis, especially at a very low concentration. 

The aim of this work was to prepare new highly electrocatalytically active graphene-

based materials, as well as the characterization and testing of the electrochemical performance 

of new samples in dopamine detection.  

This research presents modified Hummers' methods, including the pre-oxidation of 

graphite powder by mixtures of H3BO3/H2SO4/CrO3 [3]. The obtained pre-oxidized graphite 

was subjected to oxidation by the Hummers’ method using NaNO3, H2SO4, and KMnO4 [4]. 

Compared to the traditional Hummers’ method, these substantial improvements greatly 

enhanced the number of oxygen functionalities onto graphene oxide (GO) layers. The thermally 

reduced graphene oxide (rGO) samples were produced from GO using a thermal shock method. 

The dried GO powders with malonic acid and P2O5 additives were quickly inserted into a 

preheated tubular furnace at a temperature of about 800 °C in Ar atmosphere. The obtained 

materials were characterized by XPS and Raman spectroscopy. Electrochemical measurements, 

in particular, cyclic voltammetry and differential pulse voltammetry, were used to evaluate the 

obtained samples sensitivity toward DA detection.  

The results demonstrated that the thermal treatment of GO in the presence of malonic acid 

and P2O5 mixture led to effective incorporation of P element into the graphene-based material 

structure. Raman analysis revealed a slightly higher structural disorder in rGO layers 

synthesized using modified Hummers' method than in the rGO structure, derived from GO 

prepared by the traditional Hummers’ method. Further, rGO samples were tested as label-free 

dopamine sensors electrodes. The electrochemical investigations showed that the samples were 

prospective on dopamine sensing. rGO derived from new synthesized GO using 

H2SO4/H3BO3/CrO3 mixture provides a unique opportunity for future work in this area due to 

its relatively high sensitivity 28.64 μA∙µM−1∙cm−2.  
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LMT-K-712-19-0050) under grant agreement with the Research Council of Lithuania (LMTLT). 
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This work investigates the activity of different cobalt (Co) coatings for hydrogen 

evolution reaction (HER). The CoFe, CoNi, CoZn, CoFeMn, and CoFeMo coatings were 

deposited on a copper (Cu) surface using morpholine borane as a reducing agent. The optimal 

conditions for the deposition of different cobalt coatings were determined. Scanning electron 

microscopy images and the elemental composition of the formed composites were obtained. 

The electrocatalytic properties of the prepared catalysts for HER were investigаted by 

recording linear scan voltаmmogrаms in a 1 M KOH solution at а potentiаl scаn rаte of 5 mV 

s
–1

 in a potential range from open-circuit potential (OCP) up to -1.5 V vs. Аg/АgCl/KClsаt аt 

а temperature of 25 up to 75 ºC. The all formed composites are catalytically active for the 

HER. Notably, the highest catalytic hydrogen evolution performance with a Tafel slope of 

299 mV dec
-1

 was obtained using the Co87Fe8Mo5 catalyst.  
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Rechargeable Li-ion batteries, offering high power and energy densities, are widely used as 

energy storage devices, especially for mobile applications. However, for large-scale stationary storage 

where the energy and power densities are of less concern, aqueous Na-ion batteries are deemed as a 

potential alternative. They offer attractive properties, such as safety (aqueous vs organic electrolytes) 

and price (Na vs Li as a charge carrier). [1] However, stable, high voltage electrode materials remain a 

bottleneck to fully utilizing and deploying this technology.  
 With a general formula of Na3M2(PO4)3, NASICON-structured materials are exceptional due to 

their unique framework structure providing fast Na-ion transport. They also offer high theoretical 

capacity and operating voltage, however, might suffer from poor cycling performance especially in 

aqueous electrolytes. [2] Na3MnTi(PO4)3 (NMTP) reported by Goodenough et al. [3] and Na3V2(PO4)2F3 

(NVPF) offer high operating voltage, capacity, and stability in organic and water-in-salt electrolytes 

respectively. However, capacity fade is rapid in standard aqueous electrolytes. 

 Here we present a rotating ring-disc electrode (RRDE) study of NMTP & NVPF operation and 

degradation in an aqueous electrolyte solution. A similar study was performed on LiMn2O4 spinel 

electrodes in organic media, showing that degradation occurs either in fully charged or fully discharged 

states. [4] Our results indicate that in an aqueous media only one (Mn(III)/Mn(II)) redox pair is active, 

effectively halving the capacity and that dissolution occurs during a discharge only (~0.7 V vs Ag/AgCl),  

While for NVPF, degradation starts at the oxidation of V3+ and reaches peak during the full charge of the 

material 
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Figure 1. Applied potential on the disc and resulted current on the disc and ring for NMTP (A) and NVPF (B) during RRDE 

experiment  
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This study is focused on the preparation of gold nanoparticles (AuNPs) supported carbon 

(C) and nitrogen-doped activated carbon (N-doped C) nanocomposites and their application 

for the electro-oxidation of glucose and oxygen electro-reduction. The AuNPs/N-doped C 

nanocomposite was prepared by two-step process. At first, activated wood-based carbon was 

prepared from alder charcoal and doped with nitrogen by pyrolising samples at a temperature 

of 800 °C in the presence of dicyandiamide (DCDA). Further, the AuNPs were deposited on 

the obtained N-doped activated carbon material or carbon using glucose and ascorbic acid as 

reducing agents. The prepared nanocomposites were characterized by scanning electron 

microscopy (SEM), energy-dispersive spectroscopy (EDS), X-ray powder diffraction (XRD), 

Raman and X-ray photoelectron spectroscopy (XPS). The electrocatalytic activity of the 

nanocomposites for oxygen electro-reduction and glucose electro-oxidation was investigated 

using the cyclic voltammetry and rotating disk electrode (RDE) methods.  

It has been determined that the AuNPs/N-doped C and AuNPs/C nanocomposites had a 

higher catalytic activity for the electro-oxidation of glucose than the pure Au or carbon and N-

doped carbon alone, indicating the synergistic effect of AuNPs and N-doped carbon or 

carbon. Moreover, the highest activity shows the AuNPs supported N-doped carbon as 

compared with that of AuNPs supported carbon.  
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Hafnium oxide due to its good optical transparency, wide band gap, photoluminescence, 

high dielectric constant, considerable chemical stability is widely applied in various fields: 

capacitors, switching memories, field effect transistors, heat mirrors, biomedical sensors, 

corrosion protective systems for microelectronics and active metals [1-4]. Recently ultrathin 

HfO2 layers were studied as promising material to enhance efficiency and stability of organic 

solar cells. However, a photoelectrochemical (PEC) properties of Si-HfO2 system are known 

insufficiently. This study is focused on PEC behavior of p-Si with ultrathin ALD HfO2 layers 

in acid perchlorate solution. The quartz crystal nanobalance (QCN) and PEC measurements 

(illumination:  = 505 nm and N = 50 mW cm-2) at open circuit were used to assess the dynamics 

of the electrode mass and photocharging in real time.  

 

 

 

 

 

 

 

 

 

 

 

 

 

The QCN measurements with HfO2 film on Si and Au substrates indicated electrolyte intake 

rate into the oxide film. The differences in a mass variation of Au and Si based samples were 

attributed to different electrochemical potentials of the substrates. No indications of HfO2 

dissolution were observed. The mass gain effect did not depend on perchlorate concentration. 

The photo-potential variations of p-Si coated with 10 nm and 60 nm HfO2 layers showed nearly 

ideal polarizability; no Faradaic process was induced during the illumination at open circuit. 

The HfO2 films also exhibited a high passivation degree of electron transfer to the solution, 

which was evident from inhibition of the cathodic photocurrents of hydrogen reduction. 
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Fig. 2. QCN mass changes of the 

samples with 60 nm HfO2 layer 

on Si (1,2) on Au (3,4) substrates 

in 1 mM HClO4 and 1 M NaClO4 

Fig. 1. Cross-section SEM 

image of the QCN sensor is 

composed of Cr/Au/Si/HfO2 

layers on quartz 

Fig. 3. Photopotential variation 

at open circuit of p-Si coated 

with 60 nm HfO2 in 1 M NaClO4 

(pH 3) when illumination is 

chopped at 1 min intervals 
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One of the possible methods of to improvement of properties of thin Cr coatings is the formation of 

nano-composites. Various nanoparticles (Al2O3, TiO2, ZrO2, SiC, WC, B4C, AlN, WS2, MoS2, CeO2, 

etc.) are used for this purpose. Lanthanoids have been of great interest because they make it possible to 

enhance functional physical and mechanical properties of materials. 

For the first time the Cr-CeO2/La2O3 composite has been electrochemically deposited in a sulfate Cr 

(III) bath with an oxalate complexing agent. The XRD analysis revealed that incorporation of 

CeO2/La2O3 particles into the Cr matrix does not change its state and Cr matrix remains fine-crystalline 

(crystallites size < 1nm). The cross-section SEM and EDS analysis confirmed incorporation of 

CeO2/La2O3 particles (about 13 wt. %) into the Cr matrix. The studies of the mechanical properties of 

the Cr-CeO2/La2O3 composite have shown that the hardness of the composite increases due to 

CeO2/La2O3 particles incorporation, while both the friction coefficient and wear rate decrease. The 

mechanism of CeO2/La2O3 nanoparticles incorporation into the Cr matrix has been discused. 
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Currently, one of the renewable energy sources is fuel cells, namely chemical 

energy is directly converted into electricity. Designing new or enhancing the existing fuel 

cells, much attention is devoted to the search of new effective catalysts, which would 

allow increasing the effectiveness of fuel cells and creating the background for designing 

new technologies for catalysts formation. Everyone knows that precious metal and their 

alloys effectively catalyze the oxidation reaction of sodium borohydride. The cost of 

using such catalysts alone is very expensive, so an alternative is being sought. 

The aim of the work is to form efficient and inexpensive nanostructured catalysts 

by electroplating 3D metal copper-nickel (Cu-Ni) foams with further their decorating 

with small amounts of platinum nanoparticles (PtNPs) for the electrooxidation of sodium 

borohydride (NaBH4). Cu-Ni foam was prepared by electrochemical deposition 

(Ideposition=1.5 Acm-2, tdeposition= 3,6 and 9 min) on titanium (Ti) surface. The electrolyte 

was containing 0.5 M Ni2+ ions and 0.01 M Cu2+ ions.  

PtNPs were deposited by galvanic displacement on Cu-Ni foam (noted (Pt (Cu-

Ni)/Ti)) by its immersion into the 1 mM H2PtCl6 solution at 25 °C for 1 min. The 

morphology and composition of the prepared catalysts were investigated using scanning 

electron microscopy (SEM), X-ray diffraction (XRD), and inductively coupled plasma 

optical emission spectroscopy (ICP-OES). The electrocatalytic activity of the prepared 

catalysts was evaluated towards the electrooxidation of sodium borohydride using the 

cyclic voltammetry method. The cyclic voltammograms were recorded on the prepared 

Cu-Ni foams and Pt(Cu-Ni)/Ti catalysts in a 0.05 M NaBH4 solution in an alkaline 

medium in the potential range from -1.2 to 0.6 V (vs. Ag/AgCl) and with an electrode 

potential scan rate of 10 mVs-1.  

The study showed that the prepared 3D metal Cu-Ni foam and Pt(Cu-Ni)/Ti have 

good electrochemical stability in an alkaline NaBH4 solution. It was also observed that 

immersion of Cu-Ni foam in a platinum-containing solution for 1 min increased the 

electrocatalytic activity of the prepared Pt(Cu-Ni)/Ti catalyst for NaBH4 oxidation 

compared to Cu-Ni foam. 
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Reducing lead-acid battery (LAB) weight is one of the ways to increase the energy and 

power density of this battery technology. One of the ways this can be achieved is by replacing 

heavy lead grids, which do not participate in the electrochemical reactions with lightweight, 

conductive, chemically inert materials such as graphite felt (GF) [1]. However, large surface 

area of carbon materials in composite electrodes can lead to greater gas evolution at charging 

and faster self-discharge of LAB [2]. This can be mitigated by electrodepositing lead on carbon 

substrates and thus reducing the surface area of carbon [3]. 

Electrodeposition was performed in a flow-through reactor with one GF cathode (2.5 mm 

thickness) in the middle surrounded with two soluble lead anodes. Each electrode had a 

geometric surface area of 20 cm2. Electrolyte consisted of 0.5 M lead(II) methanesulfonate, 0,5 

M methanesulfonic acid, and 1 g L-1 sodium ligninsulfonate as surfactant. A peristaltic pump 

was used to circulate the electrolyte at 120 mL min-1 with the reversion of flow direction every 

5 minutes. In some experiments, pulsating current was applied with a 1 second on period 

followed by 1 second rest. Total electrodeposition time was 1 hour when 15 mA cm-2 current 

density was used and 30 minutes when 30 mA cm-2 was used. After electrodeposition, the 

modified GF samples were washed with excess of distilled water and dried under constant 2 L 

min-1 flow rate of nitrogen gas at 60 C for 2 hours. 

Table 1. Electrodeposition result summary  

No. 

Mass increase, 

g g-1 GF 

Current 

efficiency, % 

Electrolyte 

flow 

Current 

impulse 

Cathodic current 

density, mA cm-2 

1 1.62 86.5 * No 15 

2 1.77 94.8 ** No 15 

3 1.59 84.8  Yes 15 

4 1.80 96.1  No 30 

5 1.72 91.7  Yes 30 

* - one-direction; ** - periodically reversed 

The results provided in Table 1 shows that electrodeposition at continuous current and 

when the flow of electrolyte in the reactor was not reversed periodically, the current efficiency 

of electrodeposited Pb was significantly lower compared to the efficiency that was achieved 

when the electrolyte flow was reversed periodically every 5 minutes. Furthermore, when 

pulsing current were used the current efficiency of Pb decreased considerably even lower than 

when the flow was not reversed. This indicating that dissolution of the deposited Pb was 

occurring while the current impulse was on the rest stage. Doubling the cathodic current density 

to 30 mA cm-2 lead to an increased current efficiency in both continuous and pulsed current 

experiments. 
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In this study, the carbon-supported MnO2 nanocomposites have been prepared using the 

microwave-assisted heating method followed by two different approaches. The MnO2/C 

nanocomposite, labeled as sample S1, was prepared directly by the microwave-assisted 

synthesis of mixed KMnO4 and carbon powder components. Meanwhile, the other MnO2/C 

nanocomposite sample labeled as S2 was prepared indirectly via a two-step procedure which 

involves the microwave-assisted synthesis of mixed the KMnO4 and MnSO4 components to 

generate MnO2 and subsequent secondary microwave heating of synthesized MnO2 species 

coupled with graphite powder. Field-emission scanning electron microscopy (FE-SEM), 

transmission electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), X-ray 

diffraction (XRD) and inductively coupled plasma optical emission spectroscopy (ICP-OES) 

has been used for characterization of MnO2/C nanocomposites morphology, structure, and 

composition. The electrochemical performance of nanocomposites has been investigated 

using cyclic voltammetry and galvanostatic charge/discharge measurements in a 1 M Na2SO4 

solution. The MnO2/C nanocomposite, prepared indirectly via a two-step procedure display 

substantially enhanced electrochemical characteristics. The high specific capacitance of 980.7 

F g
-1

 has been achieved from cyclic voltammetry measurements, whereas specific capacitance 

of 949.3 F g
-1

 at 1 A g
-1

 has been obtained from galvanostatic charge/discharge test for sample 

S2. Besides, the specific capacitance retention was 93% after 100 cycles at 20 A g
−1

, 

indicating good electrochemical stability. 
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Conventional combustion-based technologies with high emission rates pose a significant
threat regarding air pollution, health, and the climate. Their operation requires enormous
natural resources that are not eternal. Therefore, the demand for alternative energy sources has
mobilized scientists around the world to search for and research such energy sources. One of
them is fuel cells, which can operate at higher efficiencies than combustion engines and can
convert the chemical energy in the fuel to electrical energy with efficiencies of up to 60%; it
is notable that fuel cells have lower emissions than combustion engines [1]. Different kinds of
fuel cells such as direct alcohol fuel cells (DAFC), alkali fuel cells (AFC), direct borohydride
fuel cells (DBFC), Proton Exchange Membrane fuel cells (PEMFC), Solid Oxide fuel cells
(SOFC), and others have been investigated intensely within the past few decades. All of them
have their advantages and disadvantages however the principle of their operation is similar -
fuel oxidation on the anode side and oxygen reduction on the cathode side. Lately, the most
attention has attracted DAFC, DBFC, PEMFC because the materials used in these fuel cells
can be more easily produced, stored, and transported compared to the other fuel cells, making
them more advantageous. DBFC has attracted the attention of researchers because of sodium
borohydride (sodium borohydride anion BH4

−) potential to generate extremely pure hydrogen
on demand or just be directly oxidized in a DBFC. Moreover, the BH4

− has higher volumetric
(7314 Whdm−3) and gravimetric (7100 Whkg−1) energy density than methanol (4800
Whdm−3) and (6000 Whkg−1), respectively [2]. BH4

− is also more stable in an alkaline
medium (pH > 14) [3]. Additionally, an alkaline BH4

− solution is easy and safe to transport
and the final product BO2

− anion (boric acid) of BH4
− oxidation (BOR) is environmentally

safe, relatively inert, and non-toxic. The oxygen reduction reaction (ORR) kinetics is facile
under alkaline conditions. In the light of these advantages, DBFC technology is still attractive
for investigation regarding its use as a potential power generator technology in energy
systems [4].

This study presents electrocatalytic activity of the AuCeO2/C and Au/C catalysts,
prepared using microwave irradiation, toward sodium borohydride oxidation and oxygen
reduction reactions in an alkaline medium. It has been found that the obtained AuCeO2/C
having Au loading and electrochemically active surface area of AuNPs equal to 71 µg cm-2

and 0.05 cm2, respectively, showed enhanced electrocatalytic activity toward investigated
reactions compared with the Au/C catalyst having Au loading and electrochemically active
surface area of AuNPs equal to 78 µg cm-2 and 0.19 cm2, respectively. The AuCeO2/C
catalyst demonstrated 4.5 times higher current density values for sodium borohydride
oxidation compare with those at the bare Au/C catalyst. Moreover the onset potential of
oxygen reduction reaction (0.96 V) on the AuCeO2/C catalyst was very similar to commercial
Pt/C (0.98 V).
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Chromate conversion coatings have been widely applied for corrosion protection of 

metals, as providing both, barrier and self-healing effects. Due to the legal framework 

restricting the use of highly toxic Cr (VI) compounds in industry, researchers are looking for 

alternatives. Phosphating is one of the most widely used passivation treatments of steel, 

however, the corrosion resistance of the resulting conversion layer is not sufficient and requires 

to be improved. The protective ability of phosphate coatings on steel could be improved by the 

passive layer modification with Mo compounds. Meanwhile, additional modification with Ce 

compounds support the physical barrier on the metal surface and can provide self-healing 

properties for the resulting coating. The research objects were phosphate/molybdate and 

cerium-modified phosphate/molybdate conversion coatings deposited on a carbon steel surface 

[1]. 

The aim of the present study was to evaluate the protective and self-healing capacities of 

the deposited conversion coatings on a steel surface and to study the process of a new passive 

film formation on the artificially damaged areas of these coatings. SEM, TEM, XRD and XPS 

techniques were applied for the structural, phase and composition characterization of the 

investigated coatings. Voltammetric measurements were carried out to determine the passive 

layer protective ability. EIS studies yielded information on the self-healing properties of 

different protective systems affected by introduced artificial defects.  

It was established that the protective properties of the investigated conversion coatings 

depend on their morphology, microstructure and composition. The presence of sulphate ions in 

the Ce solution favored the formation of a thinner conversion layer, which had a significantly 

lower number of structural defects and had the best protective ability among all the investigated 

coatings. The phosphate/molybdate coatings were shown to be incapable of self-repair. This 

can be attributed to the fact that molybdates are weaker oxidizing agents than Ce-containing 

compounds. Among cerium-modified phosphate/molybdate coatings, the one deposited in 

sulphate containing solution was found to have stronger self-healing ability. This was attributed 

to the higher total amount of Ce, the larger fraction of Ce (IV) in the conversion coating and 

the lower number of structural defects. The micro-structural characteristics of protective 

coatings are also important in determining self-healing abilities, because in assessing active 

corrosion protection ability of conversion layers it is important to consider not only the ratio of 

higher and lower oxidation states of the active ions, but also the quantity of material required 

for self-healing, as this process will occur not only on defected areas, but also in the zones of 

cracking of the passive conversion film.  
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Automobile industries required Al components with good mechanical properties. NiP 

coatings produced by the electroless deposition increase mechanical resistance. Their durability 

is determined by the adhesion between NiP coating and substrate e.g. anodic Al2O3. Activation 

of Al2O3 layer with PdCl2 before NiP deposition increased surface hardness and resistance 

against the scratching [1] while NiF2 improved adhesion between Al2O3 and NiP coating [2]. 

Our purpose of this work is to investigate the treatment influence of Al alloy on NiP adhesion. 

AA6061 alloy specimens were cleaned in alkaline solution UniClean 151 for 7 min at 

55 °C, rinsed in DI water then cleaned in acid solution Alklean AC-2 for 30 s at 30 °C and 

rinsed again. Anodization was performed in 195 g/l H2SO4 with 9 g/l Al3+ by applying 15 V 

DC at 19 °C to obtain a nanoporous Al2O3 layer of 5 µm thickness. NiP coating was deposited 

with or without double zincate activation. After the first zincate treatment in solution Alumseal 

NCY X2 for 20 s at 20 °C, 40 wt.% HNO3 pickling for 30 s at 20 °C, second zincate treatment 

and rinsing, NiP coatings were produced by electroless deposition in solution MARQUEE BMP 

of pH 4.7 for 40 min at 88–92 °C. Another method includes the formation of NiP coating on 

the Al2O3 without zincate activation. The specimens were rinsed and dried in air. 

Qualitative evaluation of NiP adhesion on Al2O3 layer was carried out by impact test 

(ASTM D 2794). A method (U-1, Russia) with an 8 mm diameter spherical ball was used for 

evaluating the resistance of NiP coating to deformation caused by a falling weight. The opposite 

side of the impact site of NiP coating was analyzed by optical microscope at 18× magnification. 

Cross-sectional studies evaluated by SEM, EDX showed that the thickness of NiP 

coatings reaches 10 µm with the content of P about 7.0 wt.% in both cases. The adhesion 

strength of NiP coating was much higher without zincate activation when compared with 

activation. In the case of Al2O3-Zn-NiP coatings, surfaces showed a lot of microcracks (Fig. 

1a). Meanwhile, on Al2O3-NiP only visible tensions of NiP coating were visible (Fig. 1b). 

   

Fig. 1. Optical images after impact tests on the opposite side of anodized specimens: (a) Al2O3-Zn-NiP, 

(b) Al2O3-NiP at 18× magnification 

Combining of Al2O3 layer and electroless NiP coatings led to superior impact resistance 

when compared to Al2O3 with double zincate activation. 
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Utilization of anodized aluminum (Al) for high-tech application is increasing rapidly. 

Despite its hardness, wear of anodic coating remains one of the major problems. 

Polytetrafluoroethylene (PTFE) coatings are often used to improve the wear resistance of 

anodized Al. Nevertheless, the non-wetting nature and high molecular size of PTFE polymers 

are not favorable for penetrating into nanopores of anodic coating. As an alternative, two fatty 

acids (FA) were tested for friction on anodized alloys 6082 (96.7% Al) and 7075 (87.4% Al).  

Technical grade oleic a. (70% pure), lauric a. (>90% pure) and fluoropolymer-based 

DryFilm RA/IPA dispersion of 25% solids (DuPont) were used for impregnating the anodic 

coatings. Anodization was performed in H2SO4/oxalic a. (Type III) electrolyte, producing hard 

Al2O3 coatings of 60 μm thickness [1]. The anodized specimens were immersed in heated FA 

for 1 hour at 90 °C, then pulled out and suspended for dripping off. For PTFE coatings, the 

substrates were placed into the tube furnace RS 80/500/11 (Germany) at 310 °C for 10 min 

curing, then taken out from the furnace and optionally rubbed with lint-free cloth for 10-15 s 

before cooling below 90 °C for thermo-mechanical treatment, as recommended by the 

manufacturer. Ball-on-Disc Tribometer Micro-PoD TR-20 M63 (Ducom) was used for friction 

tests. A bearing steel 100Cr6 ball of 6 mm OD and 96.5% purity was fixed into the holder and 

pressed under the 50 N load against the coated specimen, mounted on a rotary part. The 

rotational motion of 500 rpm resulted in track length of 31.4 mm for one revolution. 

Effectiveness of PTFE did not improve because of thermo-mechanical treatment, Fig. 1. 

 
Fig. 1. Influence of PTFE and FA on friction tendencies of anodized 6082 and 7075 alloys under 50 N load 

Nanopores of less than 20 nm were not large enough for PTFE to penetrate. Lauric and 

oleic a. appear much more effective in wear inhibition, being able to withstand nearly 10 000 

friction cycles with COF ~ 0.1 under 50 N load. Finetuning of FA composition can lead even 

to further improvements in tribological performance. 
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Many chemical processes are pH dependent and because of that its monitoring is very
important.  When glass  electrodes  for  pH measurement  cannot  be used other  methods are
required. One of such methods to determinate hydrogen ions is use pH-sensitive conductive
polymer modified electrodes [1].

Conducting polymers belong to polyenes or polyaromatic classes. Some have unique
conduction mechanisms and are stabile in air [2]. Using the electrochemical synthesis these
polymers can be directly deposited as a film on electrode substrate [3]. To develop sensors,
conductive  polymers  used  most  often  are  poly(1,5-diaminonaphthalene),  terthiophene
carboxylic acid, polyaniline, polypyrrole, etc. [3].

The aim of this work is to create a sensor to monitor pH in washing systems of food
industry. In order to achieve this aim, chitosan drop coated pyrolytic graphite electrode was
further modified with electrochemically polymerized folic acid [4]. Resulted sensor stability
was  tested  in  buffer  solutions  of  pH  7  and  8  using  cyclic  voltammetry  and
chronoamperometry.
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The thermal reduction of graphene oxide (GO) is an efficient and simple route to prepare 

graphene-based materials in large quantities. However, this synthesis method has several 

drawbacks, including a complex mechanism of GO thermal decomposition, a high release of 

energy, and the formation of structural defects during the process of thermal exfoliation [1, 2]. 

According to the literature, the thermal reduction of GO could be more precisely controlled 

using reducing agents, salts, organic dyes or acids [3, 4]. Carbon suboxide (C3O2) that forms 

from the reaction between malonic acid and phosphorus pentoxide is a promising additive in 

the thermal reduction of GO because it decomposes to elemental carbon and carbon monoxide 

[5]. The supplemental source of carbon could more effectively repair the disordered structure 

of the reduced GO that could also improve the electronic properties of the final product and 

ensure the successful application of reduced GO in electrochemical devices. 

In this study, we present the impact of C3O2 on the kinetics of GO thermal reduction 

reaction. The GO synthesis was carried out via the modified Hummers’ method [6]. Afterwards, 

the synthesised GO and the prepared homogenous mixture of GO, malonic acid, and 

phosphorus pentoxide were analysed by using thermogravimetry (TG), derivative 

thermogravimetry (DTG), and differential scanning colorimetry (DSC) methods at three 

different heating rates: 2.5 °C min–1, 5 °C min–1, and 10 °C min–1. The kinetic (Ea, n) and 

thermodynamic (ΔH) parameters of the thermal decomposition reaction of GO with and without 

C3O2 were determined by using Borchardt-Daniels, Kissinger, and Ozawa models [7]. 

DSC results revealed that the reduction temperature of GO is reduced (up to 125 ℃) by 

using C3O2. Moreover, it was observed that C3O2 lowers the enthalpy ΔH and activation energy 

Ea but does not influence the reaction order n of GO thermal decomposition. The apparent 

reaction order n for both studied samples was determined to be 0.7. In fact, the mechanism of 

this process could be modelled including consecutive zero-order and first-order stages. The 

zero-order process may originate when the energy consumed in the thermal decomposition 

reaction comes through the basal graphene plane; then, the reaction rate should not depend on 

the reagent concentration (i.e., the concentration of oxygen functionalities). The first-order 

process may occur when the energy is absorbed directly by a functional group; this time the 

reaction rate depends only on the concentration of the reagent. The same reaction order for GO 

with and without C3O2 reduction reveals the same mechanism for both processes. 
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Due to the wide nanoparticles application, the synthesis of nanoparticles and the study of 
their properties are of great interest to scientists. Special attention is paid not only to particle 
size but also to their morphology. Physical properties depend on the morphology of the 
nanoparticles. The Eu doped GdPO4 exhibits luminescent properties. These particles can be 
applicable in biomedicine, for example, in biological labels, biological images and drug 
delivery [1,2]. 

In this study Eu doped GdPO4·H2O were prepared by hydrothermal synthesis. Our goal is 
to investigate the dependence of morphology and size of nanoparticles on the synthesis 
conditions, and synthesizing GdPO4·H2O nanoparticles. One parameter was changed during 
each synthesis. The synthesis of Gd0.85Eu0.15PO4·H2O had been performed by changing the 
solvent amount (H2O) in reactor of hydrothermal autoclave, the amount of reagents was kept 
the same. The pH of the solution adjusted with adding nitric acid. Samples were analysed by 
X-ray diffraction and scanning electron microscopy. The luminescence properties also had 
been measured. 
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The absorption of two or more photons leading to the emission of light at a wavelength 

shorter than the excitation wavelength is described as the upconversion (UC) process. UC 

materials possess many outstanding optical features and these materials are widely used in 

many devices such as solid-state lasers, temperature sensors, optical fibers or displays 

technologies [1]. 

A series of up-converting materials doped with Er3+ ions was synthesized by solid state 

reaction method. All of the synthesized materials have shown similar emission spectra. The 

most intense sample, under 980 nm laser excitation, was doped with 5% Er3+ and the main 

emission peaks are centered in the orange-red region. These peaks can be attributed to the 
4F9/2 → 4I15/2 transitions of Er3+ ions (see Fig. 1). 

 
Fig. 1. Schematic energy level diagram of transitions in Er3+ and Yb3+ ions. The up-emission spectra below 

represent K2Bi(PO4)(MoO4) doped with Er3+ (a) and co-doped with Er3+-Yb3+ ions (b) under 980 nm excitation. 

The upconversion luminescence emission of these materials have been studied and will 

be particularly presented and discussed in the poster. 
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In order to convert high-energy radiation, such as gamma or X-rays, into a visible light, 

a certain type of material is needed. Such compounds are usually referred to as scintillators. 

Over the years many different candidates to fit the requirements were examined. However, 

compounds with garnet structure have attracted a particularly large amount of attention [1]. 

Cerium doped yttrium and lutetium aluminum garnets (YAG:Ce, LuAG:Ce), have high density, 

high thermal stability, a rather intensive emission/excitation and high quantum efficiency which 

are needed for a good scintillator. However, further optimization and improvement is still 

needed especially on the shortening of the decay time. One way to approach this problem is to 

alloy the aforementioned compounds with different elements, such as boron and magnesium 

[2,3]. 

In this work we describe the synthesized YAG and LuAG garnets that are doped with 

0.5% cerium that are additionally doped with 5% of boron and / or 0.03% of magnesium. The 

initial powders of garnets were synthesized Sol-Gel method. Ceramics were obtained using 

hydrostatic pressure. Boron and additional doping by magnesium are expected to improve 

required luminescent properties. Selected sol-gel method determines the homogeneity of 

compounds and low temperatures of synthesis. Phosphor coatings were analyzed by X-ray 

diffraction analysis and scanning electron microscopies. Emission, excitation spectra and decay 

times have been investigated as well.  

 

 

 
Fig. 1. Ceramics of different garnets in day light and under 365 nm excitation. 
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Strontium aluminate SrAl4O7 structure is monoclinic with space group C2/c and having 

cell parameters a=13.04, b=9.01, c=5.55 and β=106.502° [1]. According to published scientific 

literature SrAl4O7 is the least researched phase compared to other strontium aluminates which 

is why it draws much attention nowadays. Its crystallization is sensitive to heating rate due to 

low kinetics of formation. Koen Van Eeckhout in his review article noted that method of 

synthesis is very important since crystal structure and luminescence properties of the same 

compound synthesized by different methods may vary. For example when synthesizing 

CaAl2O4 by sol-gel method one group got a hexagonal structure and the other group ended up 

with orthorhombic when monoclinic structure was expected [2]. 

The goal of this study was to synthesize pure phase SrAl4O7 via solid state reaction doped 

with Eu2+ and codoped with Dy3+ to get a persistent luminescence phosphor. The resulting 

powder materials crystal structure was analyzed with XRD. Luminescence measurements were 

carried out using a spectrophotometer to determine emission and excitation spectrum and to 

record the afterglow of the phosphor. It was noted that luminescence properties vastly vary with 

different dopant and codopant concentrations added and big dopant concentration may affect 

the crystal structure. Moreover different dopant concentrations may improve or worsen certain 

luminescence properties, for example high dysprosium content increases emission intensity but 

lowers the afterglow duration and on the other hand lower dysprosium content lowers emission 

intensity but increases afterglow duration, which is why it is important to investigate the optimal 

conditions to get a desired persistent phosphor with long afterglow and good emission intensity. 
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Multiferroic materials are classified compounds that exhibit at least two of the primary 

ferroic order parameters. Over the last couple of decades, they have been widely studied due 

to their interesting physical properties. This is especially true for materials with both magnetic 

and electric orderings [1]. The ability to control magnetic ordering with electric field and vice 

versa opens a lot of new fields of application. However, for the most part, due to the 

conflicting nature of these properties, the coupling between the electrical and magnetic 

properties is relatively weak. Since magnetic properties usually require the 3d layer to be 

partially filled by electrons, while electrical properties arise from empty 3d shells [2]. To 

solve this conundrum, materials with new mechanism for the origin of their ferroelectric 

properties were discovered, such as lone pair and spin driven mechanisms, that do not require 

empty electron shells. The second issue that multiferroic compounds suffer from is the fact 

that most orderings only occur below room temperature. Only few room temperature 

multiferroics are known, with the main research being focused on BiFeO3 [3]. 

Recently a new class of hexagonal rare earth ferrite perovskite compounds has been found 

to exhibit multiferroic ordering, with a mechanism and structure similar to that of hexagonal 

manganites, making them a new avenue for potential research [3]. However, the in many 

cases the hexagonal ferrite compounds are relatively unstable due to their expanded lattice. 

Stabilization of the mentioned hexagonal structure is usually performed by thin film 

fabrication on some substrates, but the additional strain and interface interactions can cause 

substantial changes to their intrinsic physical and chemical properties [4]. As such, it is 

essential to analyze the bulk samples of such materials. One important candidate for further 

in-depth analysis is Sc doped LuFeO3, since via the doping effect it is possible to stabilize the 

hexagonal structure with a P6cm space group [5]. However, further characterization on the 

exact compositional ranges and synthesis conditions on the phase formation as well as the 

effect of dopant on the ferroic properties still needs further research. 

Hence, in this work we explore the sol-gel synthesis conditions for suitable preparation of 

Lu1-xScxFeO3 in the entire concentration range (0<x<1) and investigate the structural 

transitions together with particle morphology and magnetic properties. 
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Graphite and various graphite compounds are widely used in the fields of science, 

technology, and industry. Particular attention is paid to graphite intercalation compounds 

(GICs) that are formed by the insertion of different atomic, molecular or ionic species between 

the layers in a graphite material [1].  

These compounds exhibit excellent chemical and physical properties comparable to those 

of pristine graphite and are significantly relevant both theoretically and practically. They have 

found wide application as anode materials, heterogeneous catalysts, in production of 

superconductors, and in pyrophoric stabilization of reactants. Currently, GICs are also used in 

the preparation of graphite nanoplatelets, expandable graphite, and, most importantly, single-

layer graphene [2,3].  

Graphite bisulfate is a GIC with sulfate ions interposed between the graphite layers. This 

intercalate expands strongly when heated, which weakens the π-π interaction and then graphite 

layers can be easily separated. Depending on the degree of intercalation, graphite nanocrystals 

of different thicknesses can be obtained. To obtain a monolayer of graphene, the highest 

possible degree of intercalation is required, which depends on the type of oxidant and the 

experimental conditions [3]. 

The aim of this work was to investigate and compare graphite bisulfate compounds 

obtained by using different oxidizing agents. The synthesis of graphite bisulfate was carried out 

by intercalation of graphite in a mixture of H2SO4 and a selected oxidizer (NH4)2S2O8, K2S2O8 

and CrO3 while P2O5 was used as a water binding agent.  

Obtained products were investigated using several methods. Raman spectroscopy was used 

to determine the intercalation degree and defects of the products. FTIR analysis was carried out 

to identify the functional groups present in GICs. SEM images were acquired to evaluate and 

compare the surfaces of graphite and other specimens. Optical microscope images were 

obtained to examine the bright colour, which is characteristic to GICs. Results will be 

introduced in more detail during the poster presentation. 
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Nowadays, research of novel garnet ceramics is focused on improvement of optical 

properties, such as emission intensity, quantum efficiency, decay kinetics and on their 

application in different areas. The optical properties could be enhanced by suppressing charge 

recombination during the electron transfer processes, via crystal field modulation, energy 

transfer or charge compensation. Charge compensation is the most commonly used method 

because it can be easily realized. The alkali metal ions, with low oxidation states and different 

ionic radius, can enhance optical properties of rare-earth ion activated phosphors by co-doping 

method. 

Doped YAG could be a perfect lasing medium due to the properties mentioned. A lot of 

scientific papers have been published on the wide variety of rare-earth and other trivalent ions 

(e.g., Er3+, Ho3+, Tm3+, Yb3+, Cr3+), which can be incorporated into the YAG matrix. However, 

one of the current challenges and a huge interest for garnet research is how to obtain a single 

phase YAG when it is doped with larger quantities of divalent or pentavalent ions. 

 
Fig. 1. XRD patterns of Y3–2xCa2xVxAl5−xO12: 1%Eu, when x = 0.01–0.1, synthesized 

via Sol-Gel assisted Molten-Salt route, annealed at 1300 °C in KCl, in air. 
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Fuel cells were discovered by William Grove in early 1839. The basic operating principle 

of these devices is to generate electricity and heat from hydrogen and oxygen as long as fuel 

and oxidant are supplied [1]. Comparing these devices with other conventional and distributed 

generation systems it was observed that the energy efficiency of fuel cells is always higher and 

pollution emissions are much lower [2]. Solid-oxide fuel cells (SOFCs) are one of the most 

environmentally friendly and efficient technologies to produce electric power and heat [3, 4]. 

Nowadays, the most widely used materials for a SOFC electrolyte are yttria-stabilized zirconia 

(YSZ) and gadolinium-doped ceria (GDC). However, these materials require a high-operating 

temperature (1000 °C) to obtain high oxide-ion conductivity. In 2000, Lacorre et al. discovered 

a new family of oxide ion conductors with parent compound La2Mo2O9 [5]. Lanthanum 

molybdate undergoes a reversible transition from monoclinic α-phase to cubic β-phase structure 

at 580 °C, leading to an increase in the ionic conductivity up to two orders of magnitude and 

reaching values higher than those corresponding to YSZ [6].  

Currently, there are various ways to synthesize LAMOX compounds, and it is known that 

the thermal decomposition mechanism and phase transition strongly depends on the preparation 

method. Lanthanum molybdate ceramic synthesized by such methods as solid-state route, 

citrate, a Pechini, the microwave-assisted, and EDTA complexation methods usually contain 

impurities, and the obtained compound has a porous structure. To eliminate these drawbacks, a 

lot of attention has been drawn to wet-chemical methods. The simplest, cheapest and most 

environmentally friendly method is an aqueous sol-gel synthesis, which creates an opportunity 

to control the final ceramic structure, crystallites size and morphology. 

In this paper, the aqueous sol-gel synthesis was successfully used to synthesize 

homogenous La–Mo–O tartrate gel for La2Mo2O9 ceramic. Tartaric acid that has two 

carboxylate and two hydroxyl groups, is used in this method as a complexing agent, which 

reduces interaction between individual components by leading to avoidance of impurities and 

inhomogeneity of the final ceramics. The thermal decomposition mechanism of the as-prepared 

La–Mo–O gel precursor was investigated by the thermogravimetric and differential scanning 

calorimetric (TGA/DSC) analysis. Moreover, the DCS technique was successfully applied for 

the measurement of enthalpy for phase transition from α-phase to β-phase in the La2Mo2O9 

system. The structure and surface morphological features of the heat-treated ceramic powders 

were additionally studied by X-ray diffraction (XRD) and scanning electron microscopy (SEM) 

analysis methods. 

References  
1. G. Hoogers. Fuel Cell Technology Handbook: VRV press, 2002. 

2. A. Kirubakaran, S. Jains, R. Nema. Renew. Sustain. Energy Rev. 15 (2011) 4507. 

3. A. Choundhury, H. Chandra, A. Arora. Renew. Sustain. Energy Rev. 20 (2013) 430. 

4. N. Laosiripojana, W. Wijuratn, W. Kiatkittipong, A. Arpornwichanop, A. Soottitantawat, S. Assabumrungrat. Eng. J. 13 

(2009) 65. 

5. P. Lacorre, F. Goutenoire. Nature, 404 (2000) 856. 

6. X. Liu, HQ Fan, Q. Li, J. Shi. Ecs Solid State Lett. 2(9) (2013) N27. 

80

mailto:juras.sukys@chgf.stud.vu.lt


LOW-TEMPERATURE SYNTHESIS OF CARBONATED 

HYDROXYAPATITE 

 

Anastasija Afonina1, Inga Grigoraviciute-Puroniene,  

Aivaras Kareiva 
 

Institute of Chemistry, Faculty of Chemistry and Geosciences, Vilnius 

University, Naugarduko st. 24, LT- 03225 Vilnius, Lithuania  

anastasija.afonina@chgf.vu.lt 

 

Bone tissue maintains its healthy condition by constantly 

regenerating the affected areas, but in case of more serious lesions, 

the body needs help - transplantology or implantology. Calcium 

phosphate (CaP) based bioceramic materials have received great 

interest since they are widely applied for the replacement of 

diseased or damaged mammalian hard tissues. The inorganic part of 

the bone tissue consists mainly of carbonated hydroxyapatite and 

magnesium whitlockite (WH, Ca18Mg2(HPO4)2(PO4)12).  

The main task of this work was to develop simple and low-

temperature synthesis of carbonated hydroxyapatite powder. 

Morphological characteristics and composition of the synthesized 

materials were investigated by powder X-ray diffraction (XRD) 

analysis, Fourier transform infrared (FT-IR) spectroscopy and 

scanning electron microscopy (SEM). 
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Nanocrystalline copper sulfide (CuxS), deposited as a thin film on the different substrates, 
is considered as a promising material for solar energy conversation system, due to their 
structural and electrical properties. One of the interesting semiconducting layers is copper 
sulfide due to its metal-like electrical conductivity, chemical-sensing capability, and ideal 
characteristics for solar energy absorption. Consequently, polymers modified with copper 
sulfide layers are used as the conductive substrates for deposition of metal and semiconductors; 
as gas sensors functioning at temperatures tending to room temperature; in thermoelectric 
applications; in solar cells; in lithium ion batteries. 

We have chosen polypropylene (PP) film as a cheap, chemically stable, and flexible 
substrate. The hydrophobic PP requires an initial surface pre-treatment and weight losses after 
chemical treatment are recommended to be 2 g m–2. This result was reached when PP film was 
etched for 25 min at 90 C with oxidizing solution (H2SO4/H3PO4 (1:1), saturated with CrO3).  

The CuxS thin films deposit was carried out at room temperature by using the following 
procedure: 0.05 M CuCl2 and 0.05 M Na2S2O3 were mixed, the pH of the resultant solution was 
adjusted to 3. The pre-treated PP samples were immersed vertically along the wall of the reactor 
and were left undisturbed for deposition of CuxS films for 16 h at 20 ºC. At the end of the 
deposition time, the samples were taken out, and then rinsing of the substrate with distilled 
water for 30 s removed the desorbed ions and dried in a desiccator for 8 h. The deposition 
process was carried out by repeating such deposition cycles 3 times. Formed samples were 
annealed at 80 ºC for 30 min. Electrical resistivity was measured, and SEM/EDS investigation 
were performed after each formation cycle and after annealing of the samples. 

The room temperature electrical resistivity of the formed layer after 1st deposition cycle 
was about 10 kΩ/ , after 2nd – 180 Ω/ , and after 3rd – 130 Ω/ . After annealing electrical 
resistivity decreased to 7 kΩ/ , 170 Ω/  and 110 Ω/  accordingly.  

   
a b c 

Fig. 1. Cross section of PP/CuxS composite after: a) 1st deposition cycle, b) 2nd deposition cycle;  
c) 3rd deposition cycle 

Analysis of SEM images of PP/CuxS films showed that after 3 deposition cycles, the PP 
substrate was completely covered by CuxS particles. Cross sectional image (Fig. 1) 
demonstrated growing of CuxS layer with increasing of the cycle number. 
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Due to high sustainability, thermal and electrical insulating properties, and aesthetics, 

wood is the most abundant building material used in residential and non-residential buildings, 

furniture constructions, and decoration. Thus, high weathering, biological and pyrolytic 

resistance of wood is essential.  

Mechanical, biological, thermal, and accelerated weathering behaviors of wood can be 

increased using various materials. Usually, organic compounds (phosphorus-based, 

phosphorus-nitrogen, phosphorus-halogen compounds) are used to impregnate the wood. Also, 

high resistance can be reached preparing wood – polymer composites (WPC) – polymeric 

agents graft onto the surface of the cell walls or cell lumen, creates a protective coating. 

Acetylation and in situ polymerization in wood‘s matrix are two major chemical modifications 

used to produce WPC. Nevertheless, growing awareness of the toxicity of such compounds 

leads to further investigation of new materials, systems, and methods that could improve 

wood‘s characteristics. Therefore, this work proposes inorganic GdPO4·H2O:Eu compound 

produced by in situ hydrothermal syntheses in wood’s matrix as an alternative material 

increasing wood’s chemical resistance. 

    After in situ synthesis, the characteristics of the samples were observed by scanning 

electron microscopy (SEM) and computed tomography (CT) (Fig.1); optical properties were 

determined by luminescence analysis. Thermogravimetric (TG) analysis was performed to 

attest the effects of GdPO4 on the thermal degradation of wood.  

 
Fig. 1. Wood – ceramic composite CT   

 

We thank prof. dr. Artūras Vailionis for a computed tomography analysis of wood – ceramic composites, 

and prof. dr. Algirdas Selskis for high-resolution SEM images of wood – ceramic composites.  
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Research in multiferroic type materials dates back to 1950s, but crucial discoveries regarding theory, characterization 

techniques and synthesis were found in past 15 years. Nowadays, term multiferroic are used to label materials, where 

ferroelectric order coexists with ferromagnetic, antiferromagnetic or ferromagnetic orders in single or multiphase 

materials [1]. BiFeO3, BiMnO3 and RMnO3 (where R=Tb, Y, Ho, Lu) are one of the few oxide type materials displaying 

multiferroicity. Between them BiFeO3 has a ferroelectric Curie temperature TC ≈ 1100 K and an antiferromagnetic Neel 

temperature TN ≈ 640 K [2]. Impurities, like Bi2Fe4O9 or Bi25FeO39 [3], can form when preparing this compound, which 

result in changes in physical properties, including magnetization. One of the ways to avoid neighboring phase formation 

is preparing solid solutions, having sufficient amount of BiFeO3. 

Due to similarity in valence and ionic radii, La3+ can be intercalated in Bi3+ and Mn3+ can substitute Fe3+. By previous 

studies it was observed that even small amount of La3+ can cause structural changes, increase in dielectric constant and 

reduction of Curie temperature TC [4]. On the other hand, Mn3+ does not result in changes TC or ferroelectric properties, 

but can cause enhancement in magnetization [5].  

In this work Bi1-xLaxFe0.85Mn0.15O3 solid solutions with different step sizes were prepared by sol-gel technique using 

ethlenglycol as complexing agent. Two different temperatures (500 °C and 650 °C) were used for calcination of the gels. 

Lower temperature demonstrated possible formation of monophasic compounds up to x=0.1 with higher concentrations 

resulting in formation of impurity phases or amorphous compounds. Calcination at 650 °C  temperature did not lead to 

formation of monophasic BiFe0.85Mn0.15O3, but La3+ intercalation lead to formation of pure samples in all compositional 

range. All samples were characterized by X-ray diffraction, scanning electron microscopy, FT-IR spectroscopy and 

Mössbauer spectroscopy. Furthermore, magnetization studies were carried out for all compounds. 
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The field of new magnetic material development has received a lot of attention in recent 

years. Research into potential multi  ferroic and spintronic materials is still picking up speed 

and even beginning to intersect [1]. This recent development has been driven by several factors 

– foremost among them the large potential for technological applications and the advancement 

in both the theoretical and experimental knowledge base [2–4]. Orthoferrites are a class of 

materials that are of potential interest in this area, with different orthoferrites showing signs of 

antiferromagnetic, ferrimagnetic and a whole spectrum of related magnetic properties in 

addition to ferroelectric properties [5]. It is a group of perovskite-like structure materials with 

a general formula of RFeO3, where R is generally one of the rare-earth elements. The original 

perovskite structure is cubic, but easily deformed depending on the sizes of constituent atoms, 

with most orthoferrites having orthorhombic or similar structure. This formability of 

orthoferrites is one of their most interesting features, allowing a wide range of desired 

modifications to their structure and properties.  

In this particular work, gadolinium orthoferrite was chosen as the synthesis target using 

a simple and adaptable aqueous sol-gel synthesis method. This was done to find a simple, 

inexpensive synthesis method and to then produce coatings on silicon substrates by using a dip-

coating process. Fabrication of coatings is important for two main reasons. Firstly, thin layers 

can have unique properties as compared to bulk material. Secondly, many applications, 

especially electronics-related, require coatings of materials rather than powdered ceramics. 

Initially, metal nitrates and ethylene glycol were used as starting materials for the sol-gel 

process [6,7]. Sol was produced, then separated into two parts – one for the production of 

powders, the other for dip-coating. The sol that was kept for production of powders underwent 

gelation, with part of the gel being used for thermogravimetric analysis. The rest of the gel was 

calcinated to obtain ceramic powder. After this, the rest of the sol was used to carry out a dip-

coating process to obtain coatings of the orthoferrite. XRD was carried out in both cases. For 

the powders, it showed that the samples were not monophasic gadolinium orthoferrite, with 

small peaks of both constituent metal oxides visible. As for the coatings – it showed that while 

some desired phase formed, secondary peaks were about the same intensity or higher. Taking 

these results into consideration, synthesis was repeated with citric acid instead of ethylene 

glycol, which resulted in single phase powder, but still mixed phases for the coatings. 
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Supported catalysts utilized in oxidative abatement of volatile organic compounds (VOCs) 
are usually prepared by wet impregnation method, which is both cost-effective and eco-friendly 
[1]. Active sites are formed through the process of adsorption of thermally destructible salts on 
the selected support and their subsequent calcination. 13X zeolite is very durable material for 
catalyst preparation, because of its thermal stability, good mechanical strength and micro pore 
structure, which defines its adsorptive and chemical properties [2]. The best catalytic activity 
is achieved when the content of active component reaches 10 % so in order to optimize 
composition of catalysts it is necessary to evaluate adsorptive nature of support, characterize 
active component and evaluate its distribution after calcination. 

Adsorptive properties of 13X support were determined in the series of solutions containing 
Cu, Co and Cr nitrates of various concentrations. Aforementioned elements and their mixtures 
have very wide application as active components in the preparation of catalysts. XRD analysis 
of dried and calcined samples showed that CuO, Co3O4 and Cr2O3 were formed as active 
components on the surface of zeolite. AAS analysis of solutions and calcined samples showed, 
that adsorptive capacity of 13X zeolite is in the range of 85.21 – 88.35 mg/g for all elements. 
This leads to the content of the oxides being in the range of 9.96 – 11.18 %. Adsorption 
isotherms were compiled and several models were used to describe peculiarities of the process 
– Langmuir, Freundlich, Dubinin-Radushkevich, Temkin and Elovich. All models are derived 
based on various premises, so each fit of the model by linear regression analysis can confirm 
or disprove those assumptions. Adsorption isotherms of Cu and Cr were best described by 
Langmuir model, which indicated that monolayer of adsorbates were formed. This was 
confirmed by optical microscopy, because active components were found only in the outer, up 
to 0.4 mm, layer of support. Egg shell type distribution of active components resulted in 
decrease of mechanical strength as well – up to 15 N/m2 when using higher concentration 
impregnation solutions. Also high concentration of CuO in the outer layer of catalyst resulted 
in some pores being blocked together with NOx gases failing to escape and part of nitrates 
remaining undecomposed. In order to maximize active surface area of catalyst and optimize 
distribution of the oxides, adsorption of Cu and Cr should be performed in several shorter cycles 
with calcination steps in between. Co adsorption was less affected by diffusion limitations and 
with increasing concentration of the solution it evenly covered all surface of zeolite. Adsorption 
modeling resulted in Freundlich isotherm being the best fit for Co, which indicates the 
formation of several layers of adsorbate and adsorption proceeding in several steps. Cross 
section of catalyst granule was evenly covered with no visible imperfections. Therefore, 
preparation of Co3O4 catalyst on the 13X support can be performed in single adsorption-
calcination cycle. 
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Bone is an organic-inorganic ceramic composite containing well-structured collagen fibrils, 

nanocrystalline, and rod-like inorganic material with length of 25–50 nm. Sequence of bone 

structure is formed from seven levels of hierarchy and reflects the material and mechanical 

properties of each component. Hydroxyapatite is chemically related to inorganic component of 

bone matrix as a complex structure with formula Ca10(OH)2(PO4)6 [1]. 

Applications of this material in various industries and medicine are investigated. 

Hydroxyapatite synthesized by different methods has different surface morphology and the 

products also have different chemical properties [2]. 

We report the sol-gel synthesis and characterization of CHAp thin films on the silicon 

substrates using the spin-coating technique. 

Calcium hydroxyapatite coatings on silicon substrates were formed by the synthesis of 

calcium carbonate (CaCO3) by sol-gel synthesis using two solutions of different compositions: 

an appropriate amount of 2-propanol was mixed with acetylacetone by stirring at room 

temperature. Calcium nitrate tetrahydrate was added to the solution and stirred until the 

substance dissolved. Solution was mixed with PVA [3]. 

an appropriate amount of citric acid was dissolved in 20 ml of distilled water. After 

dissolution, the temperature was raised to 80 ℃ and calcium acetate monohydrate was added. 

After dissolving, ethylene glycol was added and stirred for about 1 hour at room temperature. 

Solution was mixed with PVA [4]. 

Silicon substrates were coated with 30 layers of each solution. Two silicon substrate coating 

techniques were used, which differ in the substrate screwing speed. After each coating, the 

silicon substrate was heated in an oven at 200 °C for 10 minutes and in an oven at 600 °C for 5 

hours at a rate of 5 degrees per minute. XRD, Raman spectroscopy, SEM analysis were 

performed after 10, 20, 30 coatings. Silicon substrates with surface-formed amorphous and 

crystalline calcium carbonate (CaCO3) were stored in disodium phosphate (Na2HPO4) solution 

for 28 days in a thermostat at 80 °C. Performed by XRD, Raman spectroscopy and SEM 

analysis. The results of the analysis indicate the formation of hydroxyapatite and other 

phosphates in the coatings. 
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Molten salt synthesis is a technique, which uses molten salt as a reaction medium for 

the preparation of different metal oxides. The large variety of inorganic salts allows achieving 

the products with specific morphology. This method is considered as simple, reliable, 

scalable, cost-effective and environmentally friendly to obtain high-purity nanoparticles with 

high yield. CaMnO3 is an antiferromagnetic and paraelectric insulator with thermoelectric 

properties, but the preparation of single-phase material still remains a difficult task [1]. Few 

different techniques were employed for preparation of this perovskite, including 

co-precipitation [2], autocombustion [3], sol-gel [4] etc. To the best of our knowledge, there is 

no study regarding synthesis of CaMnO3 by molten salt technique. 

In our work, we synthesized a series of calcium manganites CaO(CaMnO3)m (m = 1, 2, 

3) based compounds by means of molten salt synthesis. We changed a variety of parameters 

(time, temperature, the different ratios between molten salt and Ca/Mn precursors) in order to 

obtain samples with high purity. We applied different characterization techniques, including 

X-Ray diffraction, FT-IR spectroscopy and scanning electron microscopy (SEM) to determine 

possible morphological and structural changes. 
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High energy costs, CO2 emissions, and limited resources are forcing the concrete industry 

to look for new ways to develop sustainable and environmentally friendly production. There 

are several ways to reduce the negative impact on nature, while the production of 

environmentally friendly cement by using industrial wastes is the most effective way. For 

example, environmentally friendly cement such as “Solidia” and “Celitement” allows to reduce 

the emission of carbon dioxide up to 70% in comparison to Portland cement. “Solidia” and 

“Celitement” can be produced by two-step synthesis: 1) hydrothermal synthesis of calcium 

silicates hydrates (CSH); 2) mechanochemical activation and/or thermal treatment at low 

temperatures (<1000 °C) of CSH.  The properties of these cement depend on the mineralogical 

composition and properties of precursors. However, the scientific literature containing the data 

about the influence of industrial waste on the formation of CSH is scarce. Thus, this work aimed 

to determine the influence of granite cutting waste additive on the formation of calcium silicate 

hydrates during hydrothermal synthesis at 200 °C temperature. 

For the synthesis of calcium silicate hydrates, the mixture of calcium oxide and silicon 

dioxide (CaO/SiO2=1.5) was prepared. In order to determine the influence of granite cutting 

waste on the formation of CSH in the second mixture 5% of calcium oxide was replaced by 

granite cutting waste. The hydrothermal synthesis of CSH has been carried out in unstirred 

suspensions in an autoclave under the saturated steam pressure at 200 °C when the duration of 

synthesis was equal to 16 h, 48 h, and 72 h. 

It was determined that α-C2SH together with low basicity calcium silicate hydrates – 

xonotlite and tobermorite were formed in the pure system after 16 h of synthesis. Also, 

unreacted quartz and calcium carbonate, which formed due to the carbonization of synthesis 

products, were identified. The quantity of the latter compounds decreased by increasing the 

duration of synthesis to 72 h. It was established that the 5% replacement of calcium oxide by 

granite cutting waste strongly affects the mineralogical composition of synthesis products. The 

results of XRD analysis showed that at the beginning of synthesis scawtite and tobermorite 

were formed. Meanwhile at the end of synthesis (72 h) xonotlite, scawtite, and tobermorite were 

the main phases in the products.  
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Magnesium whitlockite (Ca18Mg2H2(PO4)14) is one of the major mineral components of 

human body constituting to approximately 20–35 wt% of human hard tissue [1]. This compound 

is known for its excellent biocompatibility and osteogenic capability, which makes this material 

a promising candidate for application in bone regeneration [2]. Incorporation of biologically 

active ions into the whitlockite structure could result in superior biological performance and 

expanded clinical application of the material. One of the potential substituents in whitlockite is 

Zn which can enhance the rate of metabolic processes and give antibacterial properties to 

calcium phosphates [3]. These properties can accelerate bone regeneration processes and 

decrease the infection rate. 

In the present work, whitlockite powders were synthesised using hydrothermal synthesis 

method using calcium hydrogen phosphate dihydrate and zinc acetate dihydrate as starting 

materials. Synthesis was performed at 200 °C temperature for 3 h. Pure-phase whitlockite 

powders containing Zn ions were successfully obtained although it was demonstrated that 

amount of Zn in the final compound could only be varied in a very narrow range. Synthesised 

compounds were characterized using X-ray diffraction (XRD), inductively coupled plasma 

optical emission spectrometry (ICP-OES), Fourier-transform infrared spectrometry (FTIR), 

Raman spectroscopy and X-ray photoelectron spectroscopy (XPS). 
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The last decade have witnessed rapid progress in the field of hybrid nanostructures toward 

enhanced optical and electronic properties. The cation/anion exchange reactions from pre-

synthesized nanostructures is an effective strategy to diversify inorganic-organic semiconductor 

nanomaterials as it provides reactive capabilities in tuneable composition and property solutions 

[1]. Recently we have extended cation exchange reaction strategy to inorganic-organic hybrid 

materials synthesis [2].  

In this study, we present a combined CBD-SILAR-CE method which enables us to 

fabricate Ag-Cd-Se thin films obtained on transparent polyamide 6 surface. The surface 

morphology and crystal phase structure were examined. The morphological evolution of thin 

films was performed using a scanning electron microscope JEOL JSM-5500LV equipped with 

an Energy Dispersive X-ray (EDS) microanalyzer IXRF Systems detector GRESHAM Sirius 

10 with an accelerating voltage of 20 kV. The XRD analysis was performed on the Bruker 

Advance D8 diffractometer, operating at the tube voltage of 40 kV and tube (emission) current 

of 40 mA.  

 
Fig. 1. SEM cross-section, EDS spectra of composite centres and elemental composition of Ag-Cd-Se 

thin films deposited on polyamide 6 substrate 

SEM analysis confirms a very disordered morphology with a non-uniform coverage of 

different sized clusters. Moreover, EDS spectra analysis clarifies film of different chemical 

composition on the each side of polyamide (Fig 1.). These results were confirmed by XRD 

analysis showing a complex Se-CdSe-Ag2Se film crystalline composition with trigonal Se 

(JCPDS#71-528), hexagonal CdSe (JCPDS#77-2307), orthorhombic Ag2Se (JCPDS#24-1041) 

and Ag (JCPDS#24-1041) peaks. 
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Yttrium aluminum garnet (YAG) with the nominal composition of Y3Al5O12 is one of the 

most well-known oxide ceramics. Its lattice can act as a host for trivalent ions of which 

lanthanides are amongst the most common. Even though as by itself in recent times YAG has 

no substantial area of application this is changed after the addition of dopant ions. Being an 

optically isotropic material, it has seen huge success in research studies which were proceeded 

by making powders commercially viable. For example YAG:Nd, YAG:Er are being utilized as 

solid state lasers, optical phosphors of YAG:Ce were used in cathode ray tubes as luminescent 

material, as a phosphor in mercury vapor lamps or most commonly used nowadays – light 

emitting diodes for white light generation or scintillator materials [1-4]. 

Since single-crystal lasing material choices are quite limited mainly due to technological 

shortcomings such as the variation in melt temperature is one of the causes of inhomogeneous 

distribution of optically active ions, the surface of the melt also causes single-crystals to develop 

optical stress, striations in the end making them optically inhomogeneous. The breakthrough in 

ceramic lasers was achieved in 1995 with the advent of YAG:Nd polycrystalline ceramic laser, 

which showed equivalent or superior properties to single-crystal overcoming most of the 

technological shortcomings. Since then, the application of polycrystalline YAG has been widely 

studied as a viable substitute for single-crystals [2,5]. 

In this work polycrystalline yttrium aluminum garnets doped with chromium were 

synthesized using classical sol-gel method. In short, nitrates of Al and Y and Cr were dissolved 

in a copious amount of deionized water to which nitric acid was added up until pH = 1. After 

thoroughly mixing materials, stoichiometric amount of ethylene glycol was added to keep it 

constant between samples. Resultant gel was dried for 24 hours and annealed at 1000 °C for 5 

hours after which resultant powder was ground in agate mortar and analyzed using inductively 

coupled plasma optical emission spectrometry, x-ray diffractometry, scanning electron 

microscopy and photoluminescence measurements. 
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Tin and sulfur binary compounds (SnxSy) represent a rising class of electronic materials, 

that have been studied for some decades [1]. These materials are semiconductors. From all of 

tin sulfides, SnS is the most popular, because of non-toxicity [2], good chemical stability [3], 

high absorption coefficient [1], and typical p-type conductivity [2]. In addition, SnS has a 

multiple nature because of different structures (orthorhombic and cubic) by changing chemical 

parameters [2, 4, 5]. Moreover, different phases have their individual bandgap energy; for 

orthorhombic around 1.13 eV and for cubic around 1.73 eV [2]. So it shows the possibility to 

change the bandgap energy by changing the structure of SnS. Because of easy synthesis, the 

abundance of precursor elements, good properties have a possibility to use in a lot of areas, 

such as capacitors [6], solar cells [7], optoelectronic devices [8] and etc.  

For the preparation of tin sulfide were used two different solvents: acetone or ethanol. 

Firstly the calculated amount of SnCl2⸱2H2O was ultrasonically dissolved in 5 mL of solvent 

for 10 min. In a small beaker was added 8 mL of thioacetamide as a source of sulfur. Then 10 

mL of ammonia water and 12 mL of triethanolamine as complexing agent of tin ions were 

added. The prepared solution was diluted with distilled water to 100 mL and then heated at 

70 °C for 3 hours using a magnetic stirrer. The solution was then filtered. The obtained 

precipitate was washed several times and left to dry at room temperature. X-ray diffraction 

(XRD) studies were performed with a D8 Advance diffractometer operating with Cu Kα 

radiation (Ni filter) at 40 kV and 40 mA voltage. 

The phase composition of obtained materials was determined by contrasting their XRD 

patterns with those of known minerals. XRD analysis shows that synthesized material consists 

of two orthorhombic forms: α-SnS (JCPDS number 39-0354), known as mineral Herzenbergite, 

and β-SnS (JCPDS number 32-1361). XRD results showed that the mixture of tin sulfides was 

obtained. The two most intensive peaks are clearly seen in the diffractograms: one peak is 

assigned to α-SnS at 2θ=26.6 °, and the other – to β-form of SnS at 2θ=31.76 °. There are no 

significant differences between the solvents used. Using acetone, the peaks are slightly higher, 

but the diffraction pattern shows that the material is more amorphous. From the obtained results 

it could be said that a chemical solution deposition is a good technique for SnS fabrication and 

both solvents are suitable for it.  
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Nowadays, there has been a lot of interest in third-generation organic light-emitting diodes 

characterized by thermally activated delayed fluorescence (TADF) [1]. This mechanism has been 

recently discovered and this is why the search for TADF materials and the formation of OLEDs 

using them are relevant in modern optoelectronics [2]. 

In this study, a new generation of electroactive compounds containing a 1,8-naphtalimide 

moiety were synthesized and characterized. These compounds were used in the emitting layers 

of organic light-emitting diodes as emitters. The structures of materials 1–3 are shown in Figure 

1. 
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Fig. 1.  Structures of compounds 1–3. 

The materials demonstrated high thermal stability (246-366 °C) and their glass transition 

temperatures ranged from 133 to 160 °C. The compounds have been tested as emitters in 

organic light emitting diodes with a commercial host of di(N-carbazolyl)biphenyl (CBP). 

Between all the prepared devices, the best prototype was OLED using CBP host in the emissive 

layer and 7.5% of N-(9-ethylcarbazol-3-yl)-4-{3-[4-(carbazol-9-yl)phenyl]carbazol-9-yl}-1,8-

naphthalimide as TADF emitter. The device has demonstrated a maximum luminance of 2377 

cd/m2, achieved 10 cd/A current efficiency, 9 lm/W power efficiency and 2.39 % maximum 

external quantum efficiency. 
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Host materials are one of the key factors which improve the performance of OLEDs. An 

ideal host material should possess some characteristics. Firstly, the singlet and triplet energy of 

host should be higher than that of dopants, which prevents the reverse energy transfer from 

dopant to host and confines excitons in the emissive layer. Secondly, HOMO-LUMO energies 

of host materials should be as similar with adjacent layers as possible to reduce the driving 

voltage of the device. In addition, host material needs to possess a balanced hole-electron 

mobility. Lastly, good thermal and morphological stability is desired [1-3]. We introduce two 

novel TADF host materials containing two substituted carbazole moieties with central diphenyl 

sulfone electron accepting group as shown in Fig. 1. 
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Fig. 1. Chemical structures of novel host materials H1 and H2. 

The behaviour of the synthesized materials under heating was studied by DSC under a 

nitrogen atmosphere. When samples of the materials were heated, glass transitions were 

observed at 177 °C for H1 and 213 °C for H2 and no peaks due to crystallization and melting 

appeared during the further heating. We utilized the solution-processable host materials to 

fabricate the 2,4,5,6-tetra(9H-carbazol-9-yl)isophthalonitrile (4CzIPN) emitter  based green 

TADF OLEDs. Among them, device which used host H2 showed the best performance. It 

exhibited a maximum power efficiency of 20.8 lm/W, current efficiency of 33.1 cd/A, and 

external quantum efficiency of 13.7%. The excellent performance may be attributed to the low 

singlet-triplet energy gap (∆EST), high photoluminescence quantum yield (PLQY) of emitting 

layer, high thermal stability, and unique porous morphology of the host material H2.  
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The power conversion efficiency of perovskite solar cells is approaching the Shockley–

Queisser limit, and therefore this technology is next to the commercialization stage [1]. 

Inexpensive and stable hole transporting materials are highly desirable for the successful scale-

up. Most high performing devices generally employ expensive hole conductors that are 

synthesized via cross-coupling reactions which require expensive catalysts, inert reaction 

conditions and time-consuming sophisticated product purification [2]. In a quest to employ 

cost-effective chemistry to combine the building blocks, we explore enamine-based small 

molecules that can be synthesized in a simple condensation reaction from commercially 

available materials leading to an estimated material cost of a few euros per gram.  

 

Fig 1. Structures and synthesis of novel hole transporting materials. 

The synthesized fluorene-based enamines exhibit a very high hole mobility up to              

3.3 × 10-4 cm2 V1 s1 and enable the fabrication of perovskite solar cells with a maximum power 

conversion efficiency of 19.3% in a doped configuration and 17.1% without doping. In addition, 

both PSC systems demonstrate superior long-term stability compared to spiro-OMeTAD.  

This work shows that hole transporting materials prepared via a simple condensation 

protocol have the potential to compete in terms of performance with materials obtained via 

expensive cross-coupling methods at a fraction of their cost and deliver exceptional stability of 

the final device. 
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TADF compounds are perfect candidates as the third generation emitters for OLED devices 

due to low synthesis cost (no noble metals atoms), emission yield reaching near unity [1] and 

efficient utilization of triplet excitons [2]. Triplet upconversion in TADF compounds is enabled 

by lowering the singlet-triplet energy gap (ΔEST) until the thermally activated reverse 

intersystem crossing becomes evident [3]. Minimization of ΔEST can be achieved by decoupling 

HOMO and LUMO in compounds constructed of donor (D) and acceptor (A) aromatic or 

heteroaromatic units. Recently, compounds containing pyrimidine heterocycle as an A unit have 

been demonstrated to be promising for TADF applications [3-5]. As a continuation of our work 

in the field of pyrimidine TADF emitters, we present herein results on the synthesis and 

photophysical characterization of novel pyrimidine derivatives bearing carbazole, acridane and 

phenoxazine moieties as D units (Fig. 1).  

 

Fig. 1. General structures of pyrimidine-based emitters. 

Synthesis of the pyrimidine-based emitters I-III and intermediates was carried out starting 

from easily accessible 4,6-diiodo-5-methyl(or phenyl)-2-methylthiopyrimidines by a 

combination of palladium-catalyzed Suzuki-Miyaura and Liebeskind-Srogl cross-coupling 

arylation, and Buchwald-Hartwig amination reactions. Optical properties of the synthesized 

compounds I-III were assessed by DFT calculations and investigated by absorption, time 

integrated and time-resolved fluorescence spectroscopies and fluorescence quantum yield and 

lifetime measurements. Details on the synthetic peculiarities and fluorescence properties of the 

synthesized materials will be presented in the report.  
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Nowadays, people cannot imagine their life without electricity. Renewable energy 

sources, such as solar energy is an alternative for non-renewable energy generation. Solar cells 

are devices that convert absorbed light into electricity and silicon solar cells are currently the 

most commonly used technology to do that. However, it has its own drawbacks and other high 

efficiency solar cell technologies have been developed. The efficiency of hybrid Solar Cells, 

for example perovskite, has increased significantly over the last decade. However, there are 

obstacles that need to be addressed in order for it to see a widespread use. One of them is the 

use of expensive charge-transporting semiconductors such as Spiro-OMeTAD or fullerene 

derivatives to obtain efficient devices [1]. Therefore, there is a vigorous search for cheaper and 

simpler methods for the synthesis of organic semiconductors. Carbazole class compounds have 

attracted the attention of scientist due to their plain synthesis and simple purification methods 

[2]. The aim of this project is to synthesize inexpensive carbazole class materials, that would 

be suitable as hole-transporting semiconductors for perovskite solar cells. 

 
Fig. 1. New carbazole derivatives (V1310, V1323, V1332). 

All target materials are amorphous and has thermal stability greater than 400 oC. The obtained 

data shows that ionization potential is near up to 5 eV. The charge carrier mobility is in range 

of 3.7 · 10-6 – 1.6 · 10-6 cm2 /V·s in weak fields. 

Table 1. Properties of new Carbazole derivatives (V1310, V1323 and V1332). 

Compound nr. Tg
a, oC Td

b, oC Ip, eV µ0, V · cm -1/s-1 

V1310 216.8 511 4.86 1.6 · 10-6 c 

V1323 97 411 4.99 3.7 · 10-6 

V1332 109.1 482 4.87 3.5 · 10-6 
a Glass transition temperature, extracted from the second DSC heating cycle. 
b Decomposition temperature, corresponding to the 5% weight loss. 
c V1310 + PC-Z (1:1). 

Based on the thermal and photoelectric properties, it can be stated that the materials can be used 

as HTM in Solar cells. 
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The advantages that organic light emitting diode (OLED) based technologies offer in 

terms of brightness, viewing angle, contrast ratio, production cost, opportunity for flexible 

displays, etc. are not rivaled by liquid crystal-based displays [1-2]. It is well established that 

multilayer devices comprising hole transport layer (HTL), electron transport layer and emissive 

layer are necessary for efficient light emission [3-4]. 

New electro-active polymers having 4,7-diarylfluorene chromophores were prepared by 

cationic polymerization of the corresponding oxetane-based monomers. The structures of 

polymers 7-9 containing the electroactive 2,7-diarylfluorenyl chromophores are shown in 

Figure 1. 
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Fig 1. Structures of polymers 7-9.  

The amorphous materials demonstrated very high thermal stability (392-397 °C) and 

glass transition temperatures in a range of 28-63 °C. Electron photoemission spectra of thin 

films of the polymers confirmed that ionization potentials of the materials are depending on 

their chromophores and are in a range from 5.8 eV to 6.0 eV. The polymers have been tested as 

positive charges transporting layers in bilayer organic light emitting diodes with tris(quinolin-

8-olato)aluminium as an emitter as well as electron transporting layer. An OLED device with 

polymer having electro-active 2,7-di(4-biphenyl)fluorine chromophores exhibited the best 

overall performance with low turn on voltage of 3 V, maximum brightness exceeding 200 cd/m2 

and current efficiency of 1.7 cd/A. 
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Photoelectrochemical (PEC) generation of reactive chlorine species has attracted 

considerable attention because synthesis of H2 on cathode can be coupled with production of 

high added-value chemicals such as HClO, H2O2, etc. on suitable photoanode [1]. Chloride 

anion oxidation (or hypochlorite production) is an attractive alternative to the oxygen evolution 

reaction due to a large amount of seawater as natural electrolyte on Earth and the massive 

application of hypochlorites in industrial water disinfection and sanitization [2-3]. In this study, 

porous WO3 films were formed on fluorine-doped tin oxide (FTO) substrates by low 

temperature chemical bath deposition (CBD) and tested for PEC chloride oxidation. 

To prepare WO3 photoanode, Na2WO4.2H2O was dissolved in deionized water under 

constant stirring, which was followed by the addition of citric acid and 3M HCl consecutively.  

Cleaned FTO substrates were immersed in the above solution and the deposition was allowed 

to proceed for two hours. The films were annealed at 400oC in air. The same procedure was 

repeated four times to obtain layers with increasing thickness. After first coating procedure 

comparably “thin” WO3 nanostructured films with a layer thickness of several hundred 

nanometers and nanosheet morphology are typically obtained (Fig. 1a). After four chemical 

bath deposition cycles, several micrometers thick porous WO3 layers were formed. 

Fig.1b shows cyclic voltammograms (CV) of one-layer WO3 photoanode measured 

in 0.5 M NaCl under dark and light to evaluate the PEC performance of the film. The 

photocurrents of CBD-deposited WO3 films were found to be increasing with the layer 

thickness. Faradaic efficiency of PEC formation of ClO- was evaluated.  

 
 

Fig. 1. a) SEM image of one-layer WO3 coating prepared in CBD synthesis, b) CV of the same electrode in                 

0.5 M NaCl; illumination intensity 100 mW cm-2; potential scan rate 50 mV s-1. 
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Sharply decreased emission intensity with increasing fluorophore concentration is known 

as concentration quenching, or aggregation-induced quenching [1], which tends to reduce 

fluorescence quantum yield [2]. This effect occurs in many systems from biology to 

optoelectronics [1, 3], and it may adversely affect the operation of the latter systems or devices. 

In this study, Zinc 2,9,16,23-tetra-tert-butyl-29H,31H-phthalocyanine (TB-ZnPC) 

concentration quenching of thin films in toluene is investigated. These molecules are being used 

in diverse fields for their peculiar properties [4, 5], and, having a comparable structure to 

chlorophylls, they are applied as model systems. Experimental results in Fig. 1a show  

TB-ZnPC fluorescence spectra normalized to 2,49 M concentration where aggregation-induced 

quenching and fluorescence intensity decrease upon increasing concentration can be clearly 

seen. The same trend in Fig. 1b demonstrates fluorescence decay kinetics of 690 nm band 

getting faster. 

640 680 720 760 800

0,0

2,0x105

4,0x105

6,0x105

8,0x105

1,0x106

1,2x106

x1,33 x2

x4

x8

 2.49 M

 1.87 M

 1.25 M

 0.6 M

 0.3 M

 0.15 M

 0.07 M

 0.03 M

N
o

rm
a

liz
e

d
 f

lu
o

re
s
c
e

n
c
e

 i
n

te
n

s
it
y
 (

a
rb

. 
u

.)

Wavelength (nm)

x16

x32

x64

b)

a)

0 5 10 15 20 25 30
10-3

10-2

10-1

100

N
o

rm
a

liz
e

d
 f
lu

o
re

s
c
e

n
c
e

 i
n

te
n

s
it
y
 (

a
rb

. 
u

.)

Time (ns)

 2.49 M

 1.87 M

 1.25 M

 0.6 M

 0.3 M

 0.15 M

 0.07 M

 0.03 M

b)

 

Fig. 1. a) Fluorescence spectra of TB-ZnPC thin films in toluene normalized to 2,49  M; b) Fluorescence decay 

kinetics of the 690 nm band of fluorescence spectra in panel a. 
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 Fluorescent materials were used as emitting materials of organic light emitting diodes 

(OLEDs), but the intrinsic low internal quantum efficiency of 25% of the fluorescent emitting 

materials limited the application of fluorescent OLEDs [1, 2]. It is known that the ratio of singlet 

excitons to triplet excitons is 1:3 and the triplet excitons cannot be utilized for light emission in 

common organic emitting materials because of non-radiative decay of triplet excitons via 

internal conversion process [3]. The radiative transition from the triplet excited state to the 

singlet ground state is a forbidden transition, but the transition can be allowed in organometallic 

complexes with heavy metals, which are used in phosphorescent OLEDs [4]. Suitable host 

materials should be used for the organometallic complexes.  We will present a series of new 

phenoxazine-based derivatives as host materials for the triplet emitters. The synthesis of 

phenoxazine-based host materials 4–6 was carried out by a multi-step synthetic route. New 

materials 4-6 are shown in Figure 1. 
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Fig. 1. New host materials 4–6. 

The new electro-active materials were synthesized using phenoxazine as electron donor 

fragment connected with various electron acceptors or donors. Some of the materials formed 

homogeneous solid amorphous films with glass transition temperatures of 75–93 °C. Layers of 

the synthesized compounds showed ionization potentials of 5.24–5.56 eV. The compounds, 

which formed homogenous amorphous layers, were tested as host materials for green 

phosphorescent OLEDs by using green triplet emitter of bis[2-(2-pyridinyl-N)phenyl-

C](acetylacetonato)iridium(III), Ir(ppy)2(acac) as the guests. The device with the host of 3-

[bis(9-ethylcarbazol-3-yl)methyl)-10-hexylphenoxazine exhibited the best overall 

performance. The efficient green OLED using the host demonstrated low turn-on voltage of 3.1 

V, a maximum brightness of 5366 cd/m2, external quantum efficiency exceeding 5.9% and 

maximum current efficiency of 18.3 cd/A. 
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It is predicted that the electricity demand will increase from 30 to 50 percent by 2050, as 
a consequence of the ongoing transition from fossil fuels to renewable energy. Such a transition 
requires coordinated and comprehensive adaptations across a range of areas that affect society 
as a whole and should come together with state-of-the-art technologies. Efficient energy storage 
is considered to be the key for the successful and entire transition to renewable energy sources. 
Electrochemical energy storage technologies are and will be playing an important role for 
achieving this desirable goal – especially for mobile devices and the transportation sector, also 
stationary storage. In general, all applications require high energy and power density, low cost, 
safety, and preferably high sustainability. These characteristics vary significantly depending on 
the specific needs. Aqueous Na-ion based batteries are recognized as one of the promising 
candidates to replace Li-ion technologies, especially for stationary energy storage applications. 
NASICON-structured NaTi2(PO4)3 (NTP) phosphate framework has already attracted a lot of 
attention and remains the most studied negative electrode material for aqueous Na-ion batteries. 
The major challenges to overcome are the NTP degradation in aqueous electrolytes during 
prolonged cycling and self-discharge. As it was presented in our previous research [1], the 
electrochemical properties of carbonaceous NTP composite electrodes are strongly dependent 
on the synthesis route. However, elemental composition is prerequisite for material conductivity 
and electrochemical properties [2]. 

Here, we present the results of electrochemical properties and cycling stability in aqueous 
electrolytes where Na1±yTi2-xMx(PO4)3 is substituted by M = Al(III), Hf(IV), Mg(II) and Zr(IV) 
in isovalent and aliovalent ratios. XRD, SEM, EDX, Cyclic voltammetry and Galvanostatic 
charge/discharge cycling experiment results will be presented at the conference. 
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Photocatalytic fuel cell (PFC) is very attractive device for wastewater treatment with 

simultaneous electricity generation under sunlight. In such a system, electrons of the 

photoanode generated under illumination are transferred via the external circuit to the cathode 

to participate in reduction reactions and at the same time holes are released to be consumed in 

degradation of organic compounds [1]. BiVO4 has been investigated as a 

promising photocatalyst due to its high photoactivity under visible light, moderate charge 

transport properties and relatively negative conduction band edge potential [2]. Metal-doping 

is widely used to enhance charge carrier generation and reduce recombination in BiVO4 for 

catalyzing oxidation of organic compounds, inorganic species and water. Mo is a transition 

metal with half-filled orbital electronic configuration having six free electrons in its outer layer 

of electron structure, therefore Mo-doped BiVO4 stands out for better n-type semiconductor 

and photoelectrochemical (PEC) properties.  

The aim of this work was to investigate how different amounts of doped-Mo (1%, 5% 

and 10%) influence the PEC performance of BiVO4 coatings. Evaluation of PEC response is 

presented in Fig. 1, where the increase in photoelectrochemical activity of BiVO4 films with 

increase in Mo doping is observed. The results of open-circuit potential, cyclic voltammetry 

and chronoamperometric measurements in glucose-containing solutions will be presented at the 

conference. 
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Fig. 1. Cyclic voltammograms of Mo-modified BiVO4 samples in 0.5 M Na2SO4 solution in the dark and under 

illumination (potential scan rate 50 mV/s; intensity of illumination ~ 100 mWcm-2) 
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Organic light-emitting diodes (OLEDs) have drawn enormous attention in academia and 

industries because of their amazing applications in both next generation full-color flat-panel 

display and solid-state lighting, owing to their potential for fabrication over a large area, light 

weight, rapid response and low power consumption dvices[1, 2]. Thermal cross-linking units 

are usually used for cross-linkable hole transportin layer (HTL) materials because of the 

relatively simple deposition procedure. Remarkably, they can be proficiently applied for any 

type of cross-linkable material via annealing at high temperatures (> 100 °C), with formation 

of cross-linked electro-active layers [3, 4]. 

In this study, we have designed and synthesized a thermally crosslinkable HTL material 

3 for solution-process based multilayer monochromatic and white OLEDs. The synthesis of the 

derivative 3 was carried out by the synthetic route shown in Scheme 1. 

 
Scheme 1. Schematic illustration of synthesis of the cross-linkable hole transporting material 3 

The cross-linkable compound 3 features a larger bandgap and a higher triplet energy level. 

The material can be thermally cross-linked to form a solvent-resistant layer upon isothermal 

heating at 250 ̊C for 30 min. The crosslinked layer possesses not only hole-collecting ability 

(HOMO = −5.25 eV), but also electron-confining capability (LUMO = −1.87 eV), which 

significantly improve the number of exciton into the desired recombination zone, hence 

noticeable efficiency enhancement for red, green, and blue OLEDs, especially at higher voltage. 

An OLED device consisting of low band gap red emitter displayed 58 and 45% increments in 

correspondingly power efficiency and current efficiency at 1000 cd cm-2 as compared with 

similar device without the cross-linked compound 3 layer. 
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Fuel cells are electrochemical devices that can generate electrical energy using noble 

metal catalysts. Much cheaper and environmentally friendly energy generating devices are 

enzymatic biofuel cells (EBFC) which are capable of directly transforming chemical energy 

from redox enzymes to electrical energy via electrochemical reactions [1]. One of the most 

promising and widely studied EBFC is glucose biofuel cell (GBFC). GBFC consists of two 

components: bioanode, which is modified with glucose recognizing enzymes, such as glucose 

oxidase (GOx), and a biocathode, where reduction of oxidants such as O2 or H2O2 takes place 

[2]. Despite the great effort of scientists, there are no GBFCs efficient enough for practical use, 

so, the biofuel cells where both anode and cathode are modified by the same enzyme in order 

to increase fuel cell performance rapidly gain more and more attention [3]. In this work, GBFC 

with both anode and cathode modified GOx electrodes was constructed and the operation was 

investigated. 

Anode was constructed by three modification steps. First of all, 10- phenanthroline-5,6-

dione (PD) was absorbed on the surface of the graphite rod (GR). Then the polymeric layers of 

poly-PD and poly(pyrrole-2-carboxylic acid) (PPCA) with encapsulated gold nanoparticles 

were formed by cyclic voltammetry (CV). Finally, the carboxylic groups, which occur in the 

PPCA layer, were activated by the mixture of NHS/EDC solutions and the GOx enzyme was 

covalently linked to the surface of the anode. This way, the modified anode could catalyze 

glucose oxidation and generate electrons using glucose as the main fuel source [4].  

Similarly to the anode, the cathode was also prepared by three modification steps. Firstly, 

Prussian blue (PB) nanoparticles were synthesized in PPCA polymeric shell by CV. Then, the 

second layer of PPCA was deposited on the top of the first layer also by CV. Finally, GOx was 

covalently linked with the carboxyl groups of the PPCA layer. PB on the cathode surface could 

reduce H2O2, which occurs during the enzymatic glucose oxidation reaction, and immobilized 

GOx enzyme on the cathode surface increases performance of the fuel cell.  

Using previously described anode and cathode electrodes a low-cost and high-efficiency 

GBFC was constructed and the performance of this biofuel cell was investigated. Also, the 

impact of glucose concentration and pH on the biofuel cell was studied. The obtained data 

indicates that this simple design biofuel cell can generate electricity using glucose as the main 

fuel source. 
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Thanks to the molecular design of thermally activated delayed fluorescence (TADF) 

compounds, their lowest excited singlet and triplet states lie very close energetically since 

charge donating and accepting moieties are spatially separated. This features of these 

compounds can lead to the thermally activated upconversion from the latter to the former state 

through reverse intersystem crossing which is actually the inverse transition processes of 

Phosphorescence compounds [1]. In our previous work, we developed various asymmetric 

multi-carbazole-based emitters by utilizing two different types of electron-

withdrawing moieties which helped to tune their TADF properties and to achieve efficient blue 

emission. The compounds contained benzonitrile as the general accepting unit and the different 

additional acceptor moieties. [2] With this fundamental concern, we designed a series of highly 

efficient blue TADF emitters based on 3,6-di-tert-butylcarbazole as donors and two electron 

acceptors. Unlike the previous work which compounds consisted of benzonitrile as the general 

electron-withdrawing moieties, in this work general electron acceptor for all synthesized 

compounds was trifluoromethyl (CF3) which is strong electron-withdrawing group and the 

difference of the compounds and aim of the work mostly were related to the variety of additional 

acceptor moiety attached through para substitution. The temperatures of thermal transitions of 

synthesized materials were measured by thermogravimetric analysis (TGA) and differential 

scanning calorimetry. During the TGA experiments compounds exhibited complete weight loss 

indicating sublimation. Their temperatures of the onsets of weight loss ranged from 433 to 462 
oC. UV-VIS absorption and photoluminescence spectra of five compounds in both dilute 

solutions and neat films were recorded and non-structured photoluminescence spectra of 

compound neat films with peaks at 482, 508, 482, 490 and 480 nm for CN1-5, respectively, 

were observed. Additionally, Photoelectron emission spectroscopy was used for measuring 

ionization potentials of the solid-state of compounds in air and showing values in a relatively 

close range of 5.61–5.72 eV. The best optimized mCBP doped blue OLED exhibited maximum 

external quantum efficiency of 15.9%, maximum current efficiency of 42.6 cd A-1, maximum 

power efficiency of 24.1 lm W-1 along with stable electroluminescence spectrum with an 

emission peak of 477 nm and the CIE1931 colour coordinate of (0.16, 0.25). 
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In order to meet the Paris climate agreement goals of future energy requirements [1], as 
well as the climate neutrality by 2050 [2], the development of renewable energy sources has 
become more and more urgent. Although the electricity generated by wind turbines, solar panels 
or hydropower is clean and safe, the supply is of intermittent nature and requires large-scale 
storage devices in order to obtain a balance. Electrochemical energy storage has many desirable 
features such as pollution-free operation, high round-trip efficiency, wide range of power and 
energy, long cycle life and low maintenance, as well as easy integration into the grid [3]. Various 
novel materials have been investigated and reported as cathodes and anodes for aqueous 
sodium-ion batteries, however there are still several problems such poor cycle stability, low 
energy density or low voltage which should be acknowledged [4]. After all, Mn-based 
(mixed)phosphate cathodes have a lot of advantages such as widespread availability of raw 
materials, low cost, high safety and non-toxicity. Moreover, Mn-based framework materials 
distinguish themselves as good candidates for fast sodium intercalation, small lattice volume 
changes and high insertion potentials [5]. 

In this work, we synthesized different Mn-based (mixed) phosphate framework materials 
such as Na4Mn3(PO4)2(P2O7) and Na3MnPO4CO3 via solid-state or hydrothermal synthesis 
methods. The structure and morphology of prepared materials were characterized by X-ray 
diffraction (Fig. 1.), scanning electron microscopy and thermogravimetric analysis. Moreover, 
ionic conductivity was measured of both samples. The electrochemical properties of prepared 
electrodes were investigated by cyclic voltammetry at different pH values.  

 
Fig. 1. X-ray diffraction patterns of Na4Mn3(PO4)2(P2O7) and Na3MnPO4CO3 
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Organic light emitting diodes (OLEDs) are widely used in high-quality displays and show 

great potential lighting because of their superior characteristics [1-2].  OLED possesses 

significant features for flat-panel display applications such as: self-emitting property, high 

luminous efficacy, full-color ability, wide viewing angle, high contrast, low power 

consumption, low weight, potentially large area, color displays, and flexibility [3]. 

In this study, we report a series of novel fluorene-based solution processable hole 

transporting materials (HTMs). The synthesis of the electroactive compounds (3-5) is shown in 

Scheme 1. 

 

Scheme 1. Schematic illustration of synthesis of the fluorene type HTMs, 3, 4, and 5. 

The synthesized HTMs have an exceptional solubility in common organic solvents and 

possess good thermal stability to form morphologically stable films. The relevant molecular 

energy level alignment, adequate ionization potential and high triplet energies promote 

materials performance as a good hole transporting layer. Solution-processed yellow 

phosphorescent OLEDs were fabricated by utilizing these HTMs with a conventional yellow 

emitter iridium(III)bis(4-phenylthieno[3,2-c]pyridinato-N,C2')acetylacetonate doped in 4,4′-

bis(N-carbazolyl)-1,1′-biphenyl host. The best device with HTM 4 showed an improvement of 

54% in current efficiency from 23.3 to 35.8 cd/A and improvement of 14% in external quantum 

efficiency from 11.3 to 12.9%, compared to reference device containing commercial N,N′-

Bis(naphthalen-1-yl)-N,N′-bis(phenyl)benzidine (NPD) as HTM.  
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ZnO is a multifunctional material due to its unique physical and chemical properties: high 

chemical stability, electrochemical coupling effect, wide absorption range, paramagnetic nature 

and high photostability [1-2]. However, one of the most important properties of ZnO is - 

photocatalytic activity, which allows it to decompose pollutants and water into hydrogen and 

oxygen gases. Therefore, the aim of this work is to investigate photocatalytic properties of ZnO 

thin films electrophoretically deposited on FTO glass. 

Firstly, ZnO was produced by thermal synthesis from zinc acetate at 400 ° C for 1 hour. 

Then ZnO was electrochemically deposited on electrically conductive FTO glass. The constant 

potential was maintained from 15 V to 30 V with the step of 5 V, and the deposition time was 

from 5 min up to 30 min (step - 5 min) during electrophoresis. 

Photoelectrochemical activity of prepared electrodes was investigated in a quartz cell in 

phosphate-buffer solution (pH 7). General Electric F8W/BLB lamp (λmax = 366 nm, power 

density 1.8 mW·cm−2, 2 cm placed from working electrode) was used as UV irradiation source.  

The most stable electrodeposited ZnO thin films on FTO glass surface, with the highest 

photoactivity, was synthesized from ZnO formed by thermal synthesis at 400 ° C. The voltage 

of electrophoresis was 25 V and duration - 10 minutes. The highest photoelectrochemical and 

photoconversion efficiency values were 0.55 % and 0.2 % (Fig. 1), respectively.   
 

 

 

Fig. 1. The incident photon-to-current efficiency (IPCE) and applied bias photon- to-current conversion 

 efficiency (ABPE) values for ZnO thin films in the phosphate-buffer solution (pH 7) 
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NASICON-type NaTi2(PO4)3 (NTP) is the most thoroughly investigated aqueous Na-ion 

battery negative electrode material due to its high theoretical capacity, remarkable thermal 

stability and environmental benignity. Despite being highly ionically conductive, the material 

suffers from inherently low electron conductivity [1]. Additionally, poor cycling stability is 

observed owing to the dissolution of inorganic active material into water-based electrolyte [2]. 

Traditional particle coating by graphitization of glucose or citric acid (CA) does not guarantee 

an even conductive carbon layer. Growing a precisely-controlled polymer e.g. polydopamine 

(PDA) shell on the particles prior to the pyrolization is a sensible way to both enhance stability 

and conductivity of active material [3]. 

The aim of this investigation was to reveal the effect of in-situ polymerization conditions 

on the NTP electrochemical properties. A polydopamine shell is grown on the particles 

synthesized by a co-precipitation route with varying parameters such as initial pH and monomer 

concentration. The electrochemical performance of electrodes is investigated by galvanostatic 

charge/discharge cycling. The results suggest that polydopamine coating results in enhanced 

electrode capacity compared to conventional routes (Fig. 1). 
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Fig. 1. Discharge capacities and charge/discharge efficiencies of electrodes prepared with a) PDA as a carbon 

precursor; b) CA as a carbon precursor. 
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Recently, graphene-like two-dimensional molybdenum disulphide-based nanomaterials, 

especially their single or few-layered forms, usually named nanosheets (MoS2-ns) or 

nanoknifes, have received considerable attention as a promising antimicrobial agent. However, 

most previous studies indicate that without functionalization with other antimicrobial agents 

such as Ag, Ti3C2MXene, graphene oxide (GO) [1, 2], etc., the antimicrobial efficiency of MoS2 

is low and needs further improvements. In this study, the MoS2-based nano/microparticles and 

coatings were synthesized through a simple, one-step hydrothermal approach without any other 

additives. The fabricated materials exhibited relatively small (Δθ =18.7 ± 2.5⁰) contact angle, 

resulting in their prominent hydrophilic properties, possibly caused due to sulphur-enriched 

MoS2 composite as evidenced by TG/DTA–MS analysis. Such nanostructures can exhibit a 

better adhesion of biomolecules, thus facilitating the interaction between them, as confirmed 

by highly effective antimicrobial action (Fig.1). The present study examines the antimicrobial 

properties of hydrophilic, sulphur-enriched MoS2 nano/microparticles as well as MoS2-based 

coatings against various humans' pathogenic bacteria such as Salmonella enterica, 

Pseudomonas aeruginosa, Escherichia coli, Staphylococcus aureus (MRSA), Micrococcus 

luteus, and two Candida fungi, in particular C. parapsilosis, C. krusei. The MoS2-ns (40 μg mL-

1) showed over 90 % killing efficiency against S. aureus MRSA bacteria and two Candida fungi 

within 24 h of exposure. Surprisingly, the petal-like MoS2 microstructures and heterostructured 

MoS2/Ti and Pd/MoS2/Ti coatings also possess high antimicrobial potency and could be 

considered a promising antimicrobial agent and thus deserve further studies. The MoS2-induced 

intracellular reactive oxygen species (ROS) production was evidenced by measuring the 

standard DCF dye fluorescence.  

 
Fig. 1. Schematic illustration of various MoS2 nanosheets antimicrobial pathways. 
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Bimetallic nanoparticles, composed of two different metals, has higher catalytic, electronic, 

optical, and other properties than the corresponding monometallic particles. Bimetallic Au-Ag 

nanoparticles extend the surface plasmon resonance range (defined by UV-Vis absorption band) 

compared with single metal nanoparticles. Such an effect allows to probe molecules in wider Raman 

excitation range. [1]. Shell-isolated nanoparticle-enhanced Raman spectroscopy (SHINERS) is a non-

destructive and sensitive method which can be applied to detect low concentrations of different 

analytes. For this application in order to improve stability and biocompatibility of the nanoparticles 

various coatings (SiO2, MnO2,TiO2, etc.) are widely used [2]. 

 

Chemical reduction is one of the most commonly used  methods for the synthesis of bimetallic 

nanoparticles.  It allows flexibly modify composition, size, and shape of particles [1]. Compared with 

other synthesis conditions, microwave-assisted synthesis is becoming increasingly popular. It helps 

to reduce reaction time, energy consumption, and size distribution of the nanoparticles [3].  

 

In this work 30±5 nm Au-Ag bimetallic nanoparticles were successfully synthesized under 

microwave irradiation. The formed uneven 1-4 nm silica (SiO2) shell avoided direct chemical and 

electrical contact of the nanoparticles (Au-Ag@SiO2) with analyte, and environment (Fig. 1). In order 

to apply the obtained nanoparticles, a self-assembled monolayer of 4-mercaptobenzoic acid (4-MBA) 

was formed onto a gold plate and Au-Ag@SiO2 nanoparticles were spread on it to amplify the Raman 

signals. The clear enhanced SHINERS spectrum of 4-MBA on a smooth gold plate was obtained (Fig. 

2).  
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Fig. 2. Raman spectrum of 4-MBA adsorbed on a 

smooth Au surface without nanoparticles (A – black), 

Raman spectrum of Au-Ag@SiO2 nanoparticles (B – 

blue) and SHINERS spectrum of 4-MBA with Au-

Ag@SiO2 nanoparticles. 

Fig. 1. HR-TEM images of 30±5 nm Au-Ag@SiO2 

nanospheres with 1-4 nm of silica shell. 
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Graphene quantum dots (GQDs) belong to the group of promising nanomaterials for the 

development of bio-sensing systems. GQDs consist of several sp2-hybridized graphene sheets, 

with a lateral size from several to 10 nm. The GQDs edge can be functionalized with hydroxyl, 

carbonyl, carboxyl groups. Functionalized GQDs are water-soluble and more stable in 

physiological media than graphene oxide. GQDs can also act as a donor/acceptor of electrons 

[1], thus being sensitive to reduction/oxidation processes in living systems, e.g., neutrophils. 

The aim of this work was to investigate the mechanisms of interaction of GQDs with 

human neutrophils and reveal the potential for the detection of reactive oxygen and chlorine 

species (ROS/RCS) during cell activation. Neutrophils were isolated from the whole blood of 

healthy donors. GQDs were added to the cells at a concentration of 50 μg/mL, the incubation 

time was 30-90 min. Intracellular GQDs distribution, F-actin reorganization, myeloperoxidase 

(MPO) redistribution and release were performed via fluorescence microscopy. 

Incubation of neutrophils with GQDs for 30 minutes led to their accumulation in cells 

and cell activation, although no cytotoxic effect was revealed. A more pronounced activation of 

neutrophils exposed to GQDs for 90 minutes was observed. This was manifested in a greater 

spreading of cells than in control, in the modification of actin cytoskeleton, secretion of MPO 

to the outer space and the formation of neutrophil extracellular trap-like structures. The intensity 

of GQDs fluorescence in neutrophils after 30 min of cell adhesion was three times higher than 

after 90 min of adhesion, indicating the destruction and/or disruption of the GQDs structure 

after penetration into neutrophils (Fig. 1). Hypochlorite ions, produced via neutrophils 

activation and MPO release led to a decrease in the GQD fluorescence via their structure 

changes allowing to estimate the intensity of reduction/oxidation processes (RCS increase). 

 

Fig. 1. Interaction of GQDs with neutrophils during cell adhesion: a – fluorescence images of neutrophils 

accumulated GQDs over 30 min, b – fluorescence images of cells accumulated GQDs over 90 min, c – fluorescence 

spectra of cells accumulated GQDs and in control cells. λex
 = 470 nm, λem = 525 nm. 
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Exceptional mechanical properties of Mg and its alloys (lightness, great strength-to-

weight ratio) allow them to be used in a variety of applications, including automobile and 

aviation industries, consumer electronics, biomaterials. However, the poor resistance of 

magnesium to corrosion and wear significantly limits and complicates its use. One of the ways 

to improve both corrosion performance and wear resistance of magnesium alloys is to coat their 

surface with chemically inert, mechanically hard oxides. Hafnium oxide (HfO2) is considered 

as a promising candidate for this purpose [1, 2]. Atomic layer deposition (ALD) is the most 

suitable modern method to deposit thin oxide layers of a predictable thickness. 

In this work, magnesium alloy AZ31 (Mg-3Al-Zn) was coated with HfO2 layers of different 

thicknesses. The growth rate of HfO2 (nm/cycle) was evaluated. Samples were tested as 

deposited and after annealing in nitrogen atmosphere at 350 ºC for 5 hours. All samples were 

tested for hardness and wear with nanoindenter. 

 

ALD growth of HfO2 at 200 ºC reactor temperature was determined to be linear in the region 

from 0 to 45 nm and the growth rate was calculated to be ~0.091 nm/cycle.  

The surface hardness of AZ31 with natural oxide/hydroxide layer was better than that of 

samples with HfO2 coatings of 250 and 500 ALD cycles. HfO2 coating of 750 ALD cycles was 

already harder than natural oxide: ~4.3 GPa, compared to ~4GPa for uncoated AZ31. The 

annealing improved hardness of the samples up to ~6.3 GPa for 750 cycle ALD coating.  

Wear tests showed that HfO2 coatings provided additional wear resistance for AZ31 

samples compared to natural oxide/hydroxide layer. At 100 µN load, the annealed and not 

annealed samples with 750 cycle ALD coating, showed significant wear resistance with wear 

depth less than 15 nm. At higher loads some wear reduction effect was found which increased 

with the coating thickness. Hardness and wear resistance of all samples increased with 

annealing. 
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Fig. 2 SPM image of a wear 

trace on AZ31 alloy coated 

with 750 ALD cycles of HfO2. 

Fig. 1. Hardness of AZ31 alloy coated with HfO2 coatings of various 

thickness (a) and average wear depth of uncoated and 750-cycle ALD 

coated AZ31 samples (b). 

a) b) 
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Fluorescent graphene quantum dots (GQDs) are promising nano-agents for optically 

guided targeted drug delivery. Accurate control of physical properties of the manufactured 

nanomaterials as well as determination of their surface chemistry is a paramount issue, as GQDs 

structure determines the efficiency of their application as imaging and diagnostic agent and 

surface chemistry governs the interaction of GQDs with living cells and tissues. Raman 

spectroscopy as well as surface-enhanced Raman spectroscopy (SERS) are highly specific 

methods of investigation and characterization of QGs. Black silicon-based substrate (bSi/Au) 

[1] has outstanding SERS properties and was applied for GQD analysis. 

GQDs dispersed in water (1 mg/mL) were analyzed via Raman spectroscopy, however, 

the spectra obtained did not allow to perform GQD quality characterization (see Fig. 1, line 1 

and inset). Investigation of GQD water suspension using bSi/Au SERS-active substrate made 

it possible to reveal the presence of additional surfactant used by the supplier to solubilize 

GQDs and identify PEG 1500 (or PEG of higher MW) as this surfactant (see Fig. 1, line 4 for 

GQD-PEG, line 2 for PEG). Using bSi/Au as SERS-substrates also allowed to demonstrate, 

that GQD-PEG treatment with oxygen plasma and additional washing effectively remove GQD 

functionalization with PEG leaving only GQDs (see Fig. 1, line 3). 

 
Fig. 1. Raman spectrum of GQDs dispersed in water (line 1), Raman spectrum of PEG-2000 (line 2), SERS 

spectrum of GQDs (1 mg/mL) on the bSi/Au substrate (line 4) and GQDs (1 mg/mL) after additional treatment 

for organics removal on bSi/Au (line 3). Inset: enlarged range 1000-2100 cm-1 of GQDs Raman spectrum  

(line1). Excitation wavelength λex = 785 nm, working power 50 mW, accumulation time 30 cycles per 10 s 

Thus, GQD structure quality control and surface chemistry analysis could be successfully 

performed using bSi/Au SERS substrate. 
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Magnetic nanoparticles have gained popularity due to their thermophysical properties, 
which can be applied in various disciplines - biology, medicine, chemistry, physics. There are 
many applications of nanoparticles, and they are making progress in many fields of science: 
surface-enhanced Raman spectroscopy, drug delivery, therapeutic agents for cancer treatment, 
magnetic resonance imaging, biological sensors, catalysts, magnetic recording media [1]. The 
applications for the Fe3O4 nanoparticles often require a controllable synthesis to obtain 
particles with desirable size and tunable magnetic properties [2]. 

Iron oxide nanoparticles have gained popularity due to their easy availability, easy 
synthesis, and superparamagnetic properties [3]. The size of the nanoparticles ranges from 10 
nm to 100 nm. The shape and size of nanoparticles are important parameters for synthesis and 
application because a large surface area increases reactivity, ion transfer, or contact. Besides, 
physical properties such as shape, composition, charge, and solubility can unpredictably change 
nanoparticles behaviour. It is therefore important to discover methods to obtain desired size, 
shape, and properties of magnetic nanoparticles [1]. 

Due to the inter-particle adhesion forces, nanoparticles become agglomerated, and their 
settlement can be observed due to the gravity forces. To achieve the maximum benefit from 
nanoparticles while working with them, it is desired to have an aggregate- and sediment-free 
structure where all the nanoparticles contribute to the dispersion. Improving the dispersion 
stability of nanofluids through ultrasonication has been shown to be effective. It could be noted 
that ultrasonication is a complicated physiochemical process, which can break down the 
agglomeration as well as create further aggregation, and many other effects [4]. 

In this work we have investigated effect of ultrasonication on magnetic Fe3O4 nanoparticles 
using different ultrasonication equipment, and effect on nanoparticles using different stabilizers 
and mediums. 
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Tissue engineering as stated by Langer and Vacanti is an interdisciplinary field that 

applies the principles of engineering and the life sciences to the development of biological 

substitutes that restore, maintain or improve the function of biological tissue or the whole organ. 

One of the most important goals is to create a scafold in which cells can live and multiply. 

Polyesters modified with various materials are used to make the scafolds. Polydimethyloxane 

(PDMS) is an inorganic polymer that, due to its good properties, is widely used in all fields of 

engineering. It is characterized by chemical stability, thermal resistance, optical transparency, 

gas permeability, oxidation resistance, low toxicity, and biocompatibility [1]. However, PDMS 

has a hydrophobicity that limits its use and therefore it can be modified. Sorbitol is a monomer 

derived from renewable sources and is readily available today. Sorbitol has suitable properties 

for tissue engineering [2]. The aim of this work is to use sorbitol and PDMS to modify 

unsaturated polyesters and to evaluate their effect on the resulting films.  

In this work, unsaturated polyesters were synthesized from azelaic acid, maleic acid 

anhydride, diethylene glycol, polydimethylsiloxane and sorbitol. The structure of polyesters 

was confirmed by FT-IR and 1H NMR. Glycidyl methacrylate, butyl methacrylate and 2-

hydroxyethyl methacrylate were attached to obtained polyesters to form UV curable films. 

Irgacure 651 initiator and UV light were used for curing. The structure of films was confirmed 

by FT-IR and elemental analysis. The Si amount in cured films ranged from 1.2 % to 3.8 %. 

The cured films were soaked in hexane, ethanol, and water prior to testing. The films were 

smooth and transparent, sparingly soluble in solvents. The mechanical properties of the films 

were determined. The higher relative elongation at break, but the lower Young's modulus of 

films were obtained when higher amount of sorbitol was used for synthesis of polyesters. The 

addition of 2-hydroxyethyl methacrylate as curing additive improved the relative elongation, 

but reduced the Young’s modulus. The best mechanical properties showed the films when 

glycidyl methacrylate and butyl methacrylate were used for curing of films. The 

thermogravimetric analysis showed, that  films obtained from polyesters were thermally stable 

and their decomposition took place in the temperature range of 150-480 oC. Differential 

scanning calorimetry analysis was performed to determine the glass transition temperatures of 

the films. The wetting angles of films obtained from unsaturated polyesters modified with 

PDMS and sorbitol were lower than obtained from PDMS or unmodified polyesters. The more 

sorbitol, the more hydrophilic films were obtained. 
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Poly(2-methacryloyloxyethyl phosphorylcholine) (pMPC) is known as hydrophilic 

polymer with phosphorylcholine head groups which deliver unique properties – antifouling 

effect, penetration across cell plasma, fluid lubrication, etc. [1]. In a current work, a zwitterionic 

monomer MPC and an amphiphilic macromonomer poly(ethylene oxide) methyl ether 

methacrylate with different length (PEO9MEMA or PEO19MEMA) were selected to design a 

new zwitterionic brush copolymers that have promising potential for biomedical applications 

such as cartilage lubrication. 

Random and diblock brush copolymers MPC-PEOxMEMA (Fig. 1) were synthesized by 

RAFT polymerization using 4-(((butylthio)carbonothioyl)thio)-4-cyanopentanoic acid as a 

chain transfer agent (CTA) and 4,4′-azobis(4-cyanovaleric acid) as an initiator [2]. For the 

synthesis of the diblock copolymers, pMPC was polymerised first, precipitated, purified, dried, 

and then dissolved again for the synthesis of the second block of p(PEO19MEMA) or 

p(PEO9MEMA). The synthesized copolymers were studied by size exclusion chromatography 

with triple detection, 1H NMR and FT-IR spectroscopy. 

A series of random brush copolymers p(MPC-PEO19MEMA) with degree of 

polymerization (DP) up to 100 and dispersity index Ð 1.3–1.4 and containing different amount 

of MPC units were synthesized. In another series of the copolymers, the block of pMPC with 

DP about 40 or 80 was rather monodisperse (Ð about 1.2) but the chain extension by the units 

of PEO9MEMA or PEO19MEMA was less successful giving diblock copolymers with higher 

dispersity (Ð about 1.5 and 1.6, respectively).  

Study of biotoxicity and lubrication properties of the synthesized zwitterionic random and 

diblock brush copolymers p(MPC-PEOxMEMA) is in progress.  

 

 
Fig. 1. Structure of random and diblock brush copolymers p(MPC-PEOxMEMA) 
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There are several ways to produce self-healing coatings, and incorporation of 

microcapsules containing a healing agent into the coatings' formulations is one of the most 

studied approaches. Using microcapsules system for self-healing, the active agent released from 

the ruptured microcapsules can repair the damage and continue the role of the protective 

layer [1]. The double-capsule system based on the encapsulation of two reactive healing agents 

is easy to operate and achieve. The healing system such as epoxy-amine, epoxy-thiol, 

isocyanate-thiol and isocyanate-amine had shown good self-healing and corrosion protection 

features in coating applications [2]. 

In this work, encapsulation of isophorone diisocyanate as a healing agent was studied. 

Microcapsules with isophorone diisocyanate core and single or double-layered shell were 

synthesized using in situ polymerization in an oil-in-water emulsion. The single-layered shells 

of the microcapsules were formed by poly(melamine-formaldehyde), poly(urea-melamine 

formaldehyde) or polyurethane. Microcapsules with double-layered shells were synthesized by 

forming poly(urea-formaldehyde)/polyurethane envelopes. The microcapsules were prepared 

in high yields (45–78 %). The effect of the reaction time, type and concentration of stabilizers 

on size and properties of the microcapsules was evaluated. Size distribution and surface 

structure of the microcapsules were evaluated by optical microscopy and SEM analysis. Using 

gumarabic as a stabilizer, stable microcapsules with single layered shells and size in the range 

of 10–100 µm were obtained. Using poly(ethylene-maleic anhydride) copolymer as a stabilizer, 

double layered poly(urea-formaldehyde)/polyurethane microcapsules with the size of 30–60 

m were prepared. Thermal properties of the microcapsules were evaluated by TGA and DSC 

analysis. Successful encapsulation of isophorone diisocyanate was confirmed by FTIR spectra. 
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Polyesters are used in tissue engineering industry due to their biodegradability and 
biocompatibility. However, research for an overall easy to produce biocompatible and non-toxic 
elastomer with suitable mechanical properties is on-going [1]. Polydimethylsiloxane (PDMS) 
has been used in the industry for its transparency, easy manufacturing and low cost, but its 
application is limited due to hydrophobicity and poor mechanical properties. While PDMS 
surface can be modified to increase hydrophilicity, it is, usually, a short-term solution [2, 3]. 
These drawbacks could be counteracted by increasing polyester functionality with addition of 
PDMS and citric acid.  

In this study, polyester was produced by two-step method. In the first step, 
polycondensation reaction between azelaic acid, maleic acid anhydride and diethylene glycol 
was carried out. Afterwards, α,ω-dihydroxy-polydimethylsiloxane and citric acid were added. 
Structure of obtained polyesters was evaluated by FT-IR and 1H NMR spectroscopy. Films from 
modified polyesters were produced by adding curing agents: glycidyl methacrylate, butyl 
methacrylate and/or hydroxyethyl methacrylate together with photo initiator 2,2-dimethoxy-2-
phenylacetophenone and curing under UV light. Cured films were analyzed by FT-IR 
spectroscopy. Solubility and degree of swelling in three different solvents: hexane, ethanol and 
water were determined for all produced films. Solubility and degree of swelling was the highest 
in ethanol and the lowest in hexane. After solubility test, elemental analysis of cured films was 
used to determine amount of silicon, which ranged from 1.5 to 2.3 %, depending on synthesis 
and curing conditions. This proved, that PDMS was present in formed polyester and films, too. 
The effects of molar ratios of initial materials and hardening agents (based on maleic acid 
anhydride) on wettability and mechanical properties of films were investigated. Water contact 
angle ranged from 77⁰ to 97⁰ and was lower than for commercial PDMS (>100⁰) [4]. Elongation 
at break ranged from 48 to 65 %. It decreased with increasing amount of citric acid and the best 
results were obtained when hardening agents glycidyl methacrylate and butyl methacrylate 
were used. Produced films showed good mechanical properties. Young’s module ranged from 
6 to 26 MPa. Thermogravimetric analysis showed that films were thermally stable, and 
degradation occurred in a two-step process, starting at 150 ⁰C. During the first step of 
degradation, cross-linked structure was broken up and linear macromolecules were obtained. 
During the second step, macromolecules were broken up into smaller fragments due to 
decomposition of ester bonds and PDMS segments. Glass transition temperature of films was 
determined by DSC method and ranged from -6⁰ to 11⁰ for first heating and from 4⁰ to 15⁰ for 
second heating.  
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Introduction. Tissue engineering (TE) can overcome limited long-term repair success or 

unacceptable side effects of surgical treatments currently applied for the treatment of injury or 

osteoarthritis [1]. Furthermore, TE scaffolds can mimic the structure of the natural ECM, 

providing great potential in bone and cartilage regeneration. An ideal scaffold should have an 

interconnected porous structure that allows the diffusion of nutrients and cell penetration, 

serving as a substrate for tissue growth [2]. Due to their high porosity and tunable morphology, 

electrospun scaffolds can be used for cartilage tissue applications.  

Methods. A blend of a biodegradable synthetic polymer poly(ε)caprolactone (PCL) and 

regenerated cellulose (CEL) was used to fabricate a fibrous and porous scaffold by the solution 

cryoelectrospinning technique. The effects of relative humidity within the electrospinning 

chamber on fibre morphology has been researched, as characterized by SEM and uCT 

techniques. The fiber and pore diameters were calculated using ImageJ software by dividing 

the SEM image into four equal quartiles and selecting all points in one quartile. The differences 

between samples were assessed using two sample T-tests implemented in the OriginPro 

software data analysis package. 

Results and conclusions. The average pore size of 112 ± 26 µm, fiber size of 9.7 ± 2.5 µm 

and 90 % porosity were achieved, at the same time, RH did not seem to significantly affect the 

morphology of the fibrous scaffolds. However, as described elsewhere, the most beneficial 

optimal range of pore diameter is between 100 and 250 μm and porosities greater than 90%, 

which means that our scaffold could be successfully applied for cartilage tissue engineering [3]. 

 
Fig. 1. Fiber and pore size analysis using different related humidity (a), SEM, (b), 2D µCT, (c) images of the 

PCL-CEL scaffold (30% RH) 
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 Viscosity, elasticity and many dynamic-mechanical properties of elastomers can be 

affected by ageing.  Some degradation might be irreversible, but even more evident 

transformations might take place due to migration, crystallization, rearrangement and similar 

transient mechanisms. In this study synthetic cis-1,4-polyisoprene rubber (p-isoprene) without 

added components was selected to observe ageing effects on a simple elastomer. Storage 

modulus G’ was monitored after masticating the elastomer and storing it up to 8 days at room 

temperature. Long polymer chains can experience shear forces during mastication, but 

mechanochemical damage remains minor [1]. Mastication should homogenize lamellae, 

crystals and similar macromolecular agglomerates within the elastomer without much chemical 

degradation. 

Bulk p-isoprene was sliced into small slabs of ~30 g and masticated on the two-roll mill 

HTR-300 (Hartek, China) for 25 passes at 22°C. Rolls of 360 mm OD were compressed to near-

minimal nip size of 0.8 mm ± 30% and their velocity was set at 8 rpm with 1:1.25 sliding ratio. 

Specimens of p-isoprene were shaped into discs of 35 mm OD and 5 mm thick, weighing ~5 g, 

and were stored in dark cabinet. After ageing, the discs were placed in between disposable 

polymer sheets of 23 µm thickness and tested in a moving-die rheometer D-MDR 3000 

(Montech, Germany) with biconical dies per ASTM D6204. Frequency sweep was used to 

record G’ from 0.01 Hz to 50 Hz with 0.5% strain rate, 0.3 MPa interfacial pressure and 5 min 

hold time for each frequency value.  After the first frequency sweep at 25°C each disc was 

heated to 50°C and the same measurement repeated without releasing the compression, Fig. 1.  

 
Fig. 1 Effects of mild ageing at room temperature on viscoelasticity of p-isoprene 

 

The impact of ageing on storage modulus was not detectable at 25°C, but some drop of 

storage modulus G’ at 50°C can already be observed. The magnitude is not large and might be 

considered negligible in some cases. Nevertheless, just 1 week at room temperature appears to 

lead to detectable changes in a relatively simple polymer like p-isoprene. Elastomer 

formulations with fillers, plasticizers, vulcanization additives and other functional additives are 

very likely to undergo much more rapid and significant transformations.  Evidently, mastication 

is very important in testing elastomer formulations and should be widely enforced. 
 

References 
1. C. Wortmann, P. Lindner, F. Dettmer, F. Steiner, T. Scheper. Journal of applied polymer science. 131 (2014) 39989. 

123

mailto:*audre.kalinauskaite@ftmc.lt


COMBINATION OF NANO/MICRO FIBERS FOR COLLECTION OF 

PARTICLE MATTER 

Justinas Masionis1*, Edvinas Krugly1, Darius Ciuzas1, Dainius Martuzevicius1 

1 Faculty of Chemical Technology, Kaunas University of Technology, Kaunas, Lithuania 

* corresponding author: justinas.masionis@ktu.lt 

Introduction. Air pollution by particle matter (PM) creates a significant hazard to the 

environment and human health. Most dangerous particles are up to 2.5 µm in diameter [1]. The 

solution electrospinning method can produce nanofiber membranes capable of efficiently 

collecting fine particle matter PM2.5. However, the use of these filters is limited because of 

their fragile structure [2]. These disadvantages can be overcome by combining nanofibers with 

microfibers. Electrospun nano/microfibre filter possesses low-pressure drop while retaining 

high 99 % PM2.5 filtration efficiency [3]. Due to these advantages, it can be perspective as 

personal protective equipment. 

Methods.  A combination of solution and melt electrospinning was used. For the first 

technique, we prepared a solution of polyamide 6/6 dissolved in formic acid, and for the second, 

the filament of Vestamid L1723. Both electrospinning techniques were used to achieve the best 

results: simultaneously, melt-solution-melt, alternating between melt and melt + solution and 

alternating between melt and solution. Produced mats filtration efficiency and pressure drop 

were tested with Dekati’s Electrical Low-Pressure Impactor (ELPI+) at 5.35 cm/s face velocity 

using NaCl aerosol particles. To investigate the effects of different electrospinning parameters 

on nano/microfiber structure SEM analysis was used. 

Results and conclusion. The filtration efficiency of NaCl particles of 74-99 % was 

achieved. Pressure drop varied from 52 to 322 Pa. SEM images showed that fibers diameter 

varied from 0.02 to 45.6 µm, meaning that different layers of nano- and microfibers were 

successfully produced. Due to high filter air resistance, further research is needed to be 

competitive with conventional respirators. 

 
Fig. 1. A – The filtration efficiency of aerosol particles (1 – alternating between melt – melt + solution, 2 – melt 

– solution – melt, 3 – simultaneously, 4 – alternative respirator). B – SEM image of micro/nanofibers sample 1 at 

500x magnification. 
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Photopolymerization is the rapid formation of cross-linked polymers from monomers 

under the influence of the light. Photopolymerization can be initiated by UV-, visible- and 

rarely by IR-light [1]. In the last years vanillin and its derivatives are starting to be used in 

polymer synthesis as their aromatic resin provides high rigidity and thermal stability of 

resulting polymers [2]. 

This work focuses on the comparison of the influence of the resin composition on 

photocuring kinetics of free-radical, thiol-Michael, and dual curing systems as well as on 

antibacterial properties of resulted polymers. Two vanillin derivatives, vanillin dimethacrylate 

(VDM) and vanillin diacrylate (VD), were used in photocurable systems with 1 mol of 1,3-

benzenedithiol (BDT) or without it, using phenyl bis(2,4,6-trimethylbenzoyl) phosphine oxide 

(BAPO) as photoinitiator. The small amount of dichloromethane (DCM) were used in some 

resins. 

It was determined that all components have a significant influence on photocuring 

kinetics and properties of the resulting polymers. The addition of thiol increased the 

photocuring rate but reduced the rigidity of the resulting polymers. The addition of solvent 

slowed down the photocuring rate and less rigid polymers were obtained.  Vanillin acrylate- 

and vanillin dimethacrylate-based polymers showed a significant antibacterial activity against 

Escherichia coli and Staphylococcus aureus in direct contact and on medium (Table 1). 

Table 1. Antibacterial activity characteristics of polymer film specimens 

Polymer film 

Escherichia coli Staphylococcus aureus 

Growth 

Inhibition 

Zone, mm 

Log 

Reduction 

after 24 h 

Percent 

Reduction 

after 24 h 

Growth 

Inhibition 

Zone, mm 

Log 

Reduction 

after 24 h 

Percent 

Reduction 

after 24 h 

1VD/1BDT/3BAPO 0 0 100 2.1±0.8 0 100 

1VD/1BDT/3BAPO/DCM 0 0 100 2.0±0.0 0 100 

1VD/3BAPO 1.0±0.7 0 100 2.1±0.8 0 100 

1VDM/1BDT/3BAPO/DCM 0 1.98 98.96 0 0 100 

Chitosan 2.0±0.7 0 100 2.5±0.5 0 100 

Hydroxyethyl starch 0 1.25 94.42 0 2.85 99.86 
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The use of biodegradable polymers represent a solution to the problems of contamination 
caused by conventional synthetic polymers. One of such polymers is starch, which occurs 
widely in nature and is the second largest biomass on earth after cellulose and one of the most 
abundant bio-renewable materials. However, the intermolecular forces and hydrogen bonds in 
starch granules prevent the processing of starch in the way typical to thermoplastic materials. 
By reducing those interactions, the thermal properties of starch could be changed. The aim of 
this study was to synthesize starch esters with controllable thermal properties by using different 
organic anhydrides and varying the degree of substitution (DS). 

Potato starch was modified with acetic (Ac) and/or octenyl succinic (OSA) anhydrides and 
characterized by Fourier-transform infrared spectroscopy and scanning electron microscopy. 
The thermal properties of the modified starches were evaluated by thermogravimetry and 
differential scanning calorimetry. When starch was modified with octenyl succinic or acetic 
anhydride at low degree of substitution, DS being up to 0.62, the glass transition (Tg) 
temperature was not observed (Table 1) and destruction temperature (Td) of derivatives 
decreased with increasing DS. Tg of starch acetate with high DS higher than 0.8 was detected 
in the interval of 162-167 °C and Td was increasing with increasing DS. Tg was also observed 
for starches dual modified with both Ac and OSA even at low DS values, which was increasing 
with increasing DSAc. When DSAc was higher than 1.06 the Tg dependence on DS was no longer 
valid. Meanwhile Tg was affected by molecular weight of modified starch. The Td of dual 
modified starch increased with increased DSAc. 

Table 1. Thermal properties of modified starches 
DSAc DSOSA Td, °C Tg, °C 

0 0 291 - 

0 0.06 272 - 

0.30 0 292  - 

0.43 0 267 - 

0.62 0 240 - 

0.8 0 249 162 

1.10 0 249 162 

1.67 0 278 167 

1.88 0 312 165 

0.03 0.06 287 162 

0.44 0.06 279 163 

0.53 0.06 302 164 

1.06 0.06 318 175 

1.23 0.06 316 171 

1.58 0.06 315 167 

1.68 0.06 312 171 
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Synthesis and application of bio-inspired polymeric materials have always been one of 

the main fields of materials science. In recent years, more and more attention has been given to 

mussel protein mimetic polymers containing catechol groups, known as the mussel-mimetic 

bioadhesives. These mussel-mimetic, polydopamine-containing polymers have been proven to 

be highly suitable for various applications in biomedicine such as biosensors, drug delivery, 

cancer cell imaging, medicine glue, hydrogel, and coatings [1]. Such extensive use of these 

biopolymers is due to their good antibacterial properties, complexation, and excellent adhesion 

to various surfaces and compounds under various environmental conditions [2]. In addition, 

they excel non-toxicity and biocompatibility [3]. 

Several different methods are used to obtain polymers with catechol moieties; however, 

the modification of preformed polymers by compounds carrying catechol groups remains 

supreme mainly due to the wide choice of starting polymer base and a wider possible choice of 

compounds suitable for the modification. Furthermore, this method gives materials with the 

catechol pendants along the entire length of polymer chains, and required catechol derivatives 

can be easily introduced on synthetic polymers by using simple synthetic strategies that allow 

straightforward functionalization [4]. Among synthetic polycations, poly(N,N-

dimethylaminoethyl methacrylate) (pDMAEMA) is of great importance. Because of the 

reactivity of its amino groups, this polymer has much potential for facile modification reactions. 

Modification of pDMAEMA and its copolymers with catechol bearing substitutes, called 

quaternization, gives cationic catechol-containing polymers. Moreover, it possesses 

responsiveness to pH, temperature, and ionic strength, which gives unique properties to 

DMAEMA (co)polymers and their modified derivatives [5].  

In this study, we demonstrated possibilities to synthesize well-defined gradient cationic 

catechol brush copolymers p(QDMAEMA-co-PEO19MEMA) with DP close to 100 and Ð less 

than 1.18 and characterized their properties by 1H NMR, FT-IR, UV-vis spectroscopy, and water 

contact angle measurements. For attachment of catechol moieties, DMAEMA units of the 

copolymers were quaternized with 2-chloro-3,4-dihydroxyacetophenone (CCDP). We also 

report the optimized quaternization procedure of DMAEMA units in the copolymers, enabling 

us to reach the degree of quaternization up to 100 %. Particular focus was directed to the kinetics 

of the RAFT copolymerization of DMAEMA and PEO macromonomer. Kinetics of RAFT 

copolymerization were studied by size exclusion chromatography (SEC) and 1H NMR, which 

allowed calculating copolymerization rate and the evolution of copolymer composition during 

copolymerization. In addition, molecular weight Mn and dispersity Ð of the copolymers were 

determined by SEC with triple detection.  
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Superplasticizers (SPs) are effective organic additives for reducing water content, giving 

homogeneity and non-segregation, lowering porosity, increasing mechanical strength and 

workability, and achieving sufficient fluidity and good plasticity of cement [1–3]. SPs 

possibly decompose into relatively small molecular weight polymers over the long term, and 

these organic substances may be leached into groundwater from cementitious materials.  

According to the market analysts, the sulfonated melamine formaldehyde (PMS) 

condensates segment held a 31% share of the overall market, which is highest among other 

types of concrete SPs [4].  

Detailed chemical composition of the cement superplasticizer Peramin ® SMF10 based 

on PMS has been done by Wavelength dispersive X-Ray Fluorescence (WD-XRF) 

spectroscopic method. The above analysis has shown that the product contains 99.824% of the 

polymer. Additionally, minor amounts of P2O5, ZnO, Na2O, SiO2, CaO, Cl-, Al2O3, and Fe2O3 

have been determined. 

Other physicochemical properties of the superplasticizer were evaluated by thermo-

gravimetric analysis at a range of 30 – 800 °C. The polymer is stable thermally up to 270 °C.  

In order to investigate the rate of alkaline degradation of the SP in different aqueous 

solutions, spectroscopic analyses (Raman and UV/Vis) have been applied.  

 

Fig. 1. Raman spectra of different PMS hydrolytic solutions during the time. The upper curves indicate solutions 

after 3 months, the lower ones –just made samples. 
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