
2 6 T H  I N T E R N A T I O N A L  C O N F E R E N C E - S C H O O L

W H E N

2 6 - 3 0 
A u g u s t
2 0 2 4

W H E R E

P a l a n g a
L i t h u a n i a

I S S N  2 6 6 9 - 1 9 3 0  ( o n l i n e )

B O O K  O F  A B S T R A C T S





ISSN 2669-1930 (online) 

Book of Abstracts 
of 26th International Conference-School 

ADVANCED MATERIALS AND 
TECHNOLOGIES 

26-30 August 2024, Palanga, Lithuania

Kaunas, 2024 



Organizers: 
Institute of Materials Science of Kaunas University of Technology (KTU) 
Lithuanian Materials Research Society (LT-MRS) 
Vilnius University (VU) 
University of Latvia (LU) 
Riga Technical University (RTU) 
University of Tartu (TU) 
Center for Physical Sciences and Technology (FTMC) 
University of Southern Denmark (SDU) 
Applied Research Institute for Prospective Technologies (ProTech) 
 
Programme committee: 
Prof. S. Tamulevičius (KTU) – chairman 
Prof. K. Baltakys (KTU) 
Prof. J. V. Gražulevičius (KTU) 
Prof. A. Kareiva (VU) 
Prof. G. Juzeliūnas (VU) 
Prof. G. Tamulaitis (VU) 
Dr. M. Mackoit Sinkevičienė (VU) 
Dr. R. Butkutė (FTMC) 
Prof. D. Erts (LU) 
Prof. Y. Dekhtyar (RTU) 
Prof. H.-G. Rubahn (SDU) 
Dr. R. Lohmus (TU) 
 
Organizing committee: 
Prof. S. Tamulevičius (KTU) – chairman 
Dr. R. Žostautienė (KTU) – secretary 
Dr. E. Fataraitė-Urbonienė (KTU, ProTech) 
Dr. A. Tamulevičienė (KTU) 
Dr. T. Tamulevičius (KTU) 
Dr. L. Puodžiukynas (KTU) 
Dr. E. Rajackaitė (KTU) 
PhD student T. Klinavičius (KTU) 
PhD student M. Ilickas (KTU) 
PhD student Š. Jankauskas (KTU) 
V. Sinkevičienė (KTU) 
 
 
 
Home page: http://advancedmaterials.ktu.edu/ 
 
 
 
 
© Kaunas University of Technology, 2024  

http://advancedmaterials.ktu.edu/


Sponsors: 
 

 
JSC “Inospectra” 

 

 
JSC “Armgate” 

 

 
JSC “Light Conversion” 

 

 
JSC “Holtida” 

 

 
JSC “Nanoversa” 

 

 
“Optica” KTU Student Chapter 

 

 
JSC “AkzoNobel Baltics” 

 

 
“Beilstein Journal of Nanotechnology” 

 

 
JSC “Mars Lietuva” 

 



4 

26th International Conference-School 

ADVANCED MATERIALS AND TECHNOLOGIES 

Programme 
August 26, Monday 

14:00 – 20:00 Arrival and registration 

August 27, Tuesday 

8:30 – 9:00 Registration 

Chairperson Sigitas Tamulevičius 

9:00 – 9:15 Opening of the Conference-School 
Sigitas Tamulevičius (Kaunas University of Technology, Lithuania) 

9:15 – 10:00 Hubert Halbritter (ams-OSRAM International GmbH, Germany) 
Photons for a “Bright” Future 

10:00 – 10:45 Gintautas Tamulaitis (Vilnius University, Lithuania) 
Fast Scintillators for Fast Radiation Detectors in Demand for 
Future High Physics Experiments at CERN and High-Spatial-
Resolution Medical Imaging Devices 

10:45 – 11:05 Coffee Break 

Chairperson Yogendra Kumar Mishra 

11:05 – 11:50 Evaldas Naujalis (Centre for Physical Sciences and Technology, 
Lithuania) 
Capabilities and Applications of Chromatography and Mass 
Spectrometry 

11:50 – 12:20 Evelina Dudutienė (Centre for Physical Sciences and Technology, 
Lithuania) 
Optical Characterization for Bismide-Based Quantum Structures 
Optimization 

12:20 – 12:35 Greta Bučytė (JSC “Light Conversion”, Lithuania) 
Light Conversion for Ultrafast Spectroscopy 

12:35 – 12:50 Mindaugas Juodėnas (Kaunas University of Technology, Lithuania) 
RIANA: Research Infrastructure Access in Nanoscience & 
Nanotechnology 

12:50 – 14:00 Break 

14:00 – 16:00 Social Event: 3x3 Basketball Tournament (Palanga Vladas 
Jurgutis progymnasium, https://www.jurgucioprogimnazija.lt/, 
Ganyklų St. 2, Palanga) 

16:00 – 18:00 Break 

18:00 – 21:00 Welcome Party (Hotel Gabija Restaurant, Vytauto St. 40, Palanga) 

https://www.jurgucioprogimnazija.lt/
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August 28, Wednesday 

8:30 – 9:00 Registration 

 Chairperson Gintautas Tamulaitis 

9:00 – 9:45 Casper Kunstmann (University of Southern Denmark, Denmark) 
Gold Nanoparticle Based Thin Films for Optical and Electrical 
Sensing 

9:45 – 10:15 Almira Ramanavičienė (Vilnius University, Lithuania) 
Recent Advances in Nanomaterial-Based Immunosensors 

10:15 – 11:00 Yogendra Kumar Mishra (University of Southern Denmark, 
Denmark) 
Tetrapods based Smart Materials for Advanced Technologies 

11:00 – 11:20 Coffee Break 

 Chairperson Igor A. Lukyanchuk 

11:20 – 12:05 Vaidas Klimkevičius (Vilnius University, Lithuania) 
Surface Modification of Nanoparticles: Challenges, Benefits and 
Applications 

12:05 – 12:35 Weronika Andrzejewska (Adam Mickiewicz University, Poland) 
SARS-CoV-2 Nanobiosensor Based on Surface Plasmon 
Resonance 

12:35 – 13:20 Vaidotas Marozas (Kaunas University of Technology, Lithuania) 
Photoplethysmography-Based Physiological Measurement 
Technologies: Applications and Uncertainty Estimation 

13:20 – 16:00 Break 

16:00 – 21:00 Social Event: Orienteering Competition, Exploring Lithuanian 
Kitchen (“HBH Palanga”, Žibininkai Village, http://www.hbh.lt/) 

 

  

http://www.hbh.lt/
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August 29, Thursday 

8:30 – 9:00 Registration 

 Chairperson Casper Kunstmann 

9:00 – 9:45 Igor A. Lukyanchuk (Université de Picardie Jules Verne, France) 
Fundamental Topology and Emergent Applications of the 
Nanostructured Ferroelectrics 

9:45 – 10:30 Vyacheslavs Kashcheyevs (University of Latvia, Latvia) 
Recent Progress in Single-Electron Quantum Technologies 

10:30 – 11:15 Andrei Kholkin (University of Aveiro, Portugal) 
Magnetoelectric Effect: Applications in Energy Harvesting and 
Biology 

11:15 – 11:35 Coffee Break 

 Chairperson Vaidotas Marozas 

11:35 – 12:20 Dominik Farka (Institute of Organic Chemistry and Biochemistry of 
the Czech Academy of Sciences, Czech Republic) 
Self-Assembly in the Service of Organic Electronics and 
Beyond 

12:20 – 13:05 Kaspars Traskovskis (Riga Technical University, Latvia) 
Development of Light Emitting Two-Coordinate Copper(I) 
Complexes 

13:05 – 13:35 Oleksandr Bezvikonnyi (Kaunas University of Technology, 
Lithuania) 
Exploitation of Triplet Emission in Organic Electroluminescent 
Devices and Optical Sensors 

13:35 – 15:30 Break 

15:30 – 18:00 Poster Session with Voting for the Best Poster (Chairperson 
Tomas Tamulevičius) 

18:00 – 18:30 Best Poster Awards and Conference Photo 
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August 30, Friday 

 Chairperson Kaspars Traskovskis 

9:00 – 9:45 Franz Faupel (Kiel University, Germany) 
Ways Out of the Climate and Sustainability Crisis - What Is 
Opinion, What Is Knowledge, Do We Have the Power to Change 
Something? 

9:45 – 10:30 Denis Sokol (Vilnius University, Lithuania) 
Layered Double Hydroxide Structures (LDH): Fabrication 
Techniques and Diverse Applications 

10:30 – 10:40 Coffee Break 

 Chairperson Dominik Farka 

10:40 – 11:10 Krisjanis Smits (University of Latvia, Latvia) 
Advanced Characterization of Materials by SEM, TEM, FIB 

11:10 – 11:40 Jurgis Pilipavičius (Vilnius University, Lithuania) 
Understanding of Materials Degradation in Aqueous Batteries 

11:40 – 11:50 Closing Remarks 

11:50 – 12:30 Certificates and Coffee Break 

 
 



 

 

LECTURES 
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Photons for a “Bright” Future 
 

Hubert Halbritter, Martin Strassburg 
 

ams-OSRAM International, 
Leibnizstr. 4 93055 Regensburg, Germany 

hubert.halbritter@ams-osram.com 
 

Semiconductor based lighting components, in particular LEDs and LASER 
diodes have made enormous progress in the last decades. Early applications were 
simple indicator LEDs. In recent years LEDs enabled mobile devices, e.g. the 
illumination of displays or the flash of cameras. The recent improvements on the 
device level design and performance allows the rise of new applications beyond 
todays level.   

The discussion covers the brief history of solid-state, semiconductor lighting 
components and their rapid development, their current status as well as an outlook 
into the future. In a second part, new technological developments and future 
potential applications and vice-versa are discussed. A particular focus is on 
system and component performance requirements based for future megatrends 
and applications beyond the state-of-the-art.  
 

 

 

 

 

 
Fig. 1. Typ. Applications for LED and LASER based products 

 
Keywords: photonics, LED, Laser, optoelectronics. 
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Fast Scintillators for Fast Radiation Detectors in Demand for 
Future High Physics Experiments at CERN and High-Spatial-

Resolution Medical Imaging Device 
 

Gintautas Tamulaitis 
 

Institute of Photonics and Nanotechnology, Vilnius University 
gintautas.tamulaitis@ff.vu.lt 

 
A short introduction of CERN infrastructure, CERN future plans formulating 

the demands for the scintillation detectors of ionizing radiation with a special 
emphasis on the currently crucial demand for a substantially faster scintillation 
response that is also of especial importance in medical imaging, especially for 
positron emission tomography with time resolution, will be reviewed in this lecture. 
The lecture will show how the capabilities of the methods developed in materials 
science can be used for the development of fast scintillators, how optical 
techniques with time resolution might be employed for the characterization of fast 
scintillators, and how material engineering technics might be exploited for 
improving the timing properties of the future detectors of ionizing radiation. 
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Capabilities and Applications of Chromatography and Mass 
Spectrometry 

 
Evaldas Naujalis1,2 

 
1State Research Institute Center for Physical Sciences and Technology, 

Savanorių Ave. 231, Vilnius, Lithuania 
evaldas.naujalis@ftmc.lt 

2Vilnius University Faculty of Chemistry and Geosciences 
Naugarduko St. 24, Vilnius, Lithuania 

evaldas.naujalis@chgf.vu.lt 
 

Chromatography and mass spectrometry are ones of the most powerful 
analytical techniques widely used in various scientific fields for the separation, 
identification, and quantification of chemical compounds. Chromatography, 
including gas chromatography (GC) and liquid chromatography (LC), efficiently 
separates complex mixtures based on differential partitioning between a mobile 
phase and a stationary phase. Mass spectrometry (MS) provides detailed 
molecular information by measuring the mass-to-charge ratio of ionized 
compounds. The combination of chromatography and mass spectrometry (GC-MS 
and LC-MS) enhances analytical capabilities, offering high sensitivity, specificity, 
and the ability to analyze a wide range of substances. These techniques find 
applications in environmental analysis, pharmaceutical development, clinical 
diagnostics, food safety, forensic science, and among others.  

In my presentation, I will explore the differences and recent developments in 
various chromatographic-mass spectrometric techniques. Additionally, I will 
showcase examples of their applications across different fields. Advances in these 
technologies continue to enhance their capabilities, establishing them as 
indispensable tools in modern analytical chemistry. 
 
Keywords: chromatography, mass spectrometry, analytical chemistry. 
 
  

mailto:evaldas.naujalis@ftmc.lt
mailto:evaldas.naujalis@chgf.vu.lt
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Optical Characterization for Bismide-Based Quantum 
Structures Optimization 

 
Evelina Dudutienė, Aistė Butkutė, Monika Jokubauskaitė, 
Bronislovas Čechavičius, Aivaras Špokas, Andrea Zelioli, 

Algirdas Jasinskas, Sandra Stanionytė, Martynas Skapas, Renata Butkutė 
 

State Research Institute Center for Physical Sciences and Technology, 
Saulėtekio Ave. 3, LT-10257 Vilnius, Lithuania 

evelina.dudutiene@ftmc.lt 
 

One of the most intensively studied bismides is gallium arsenide bismide 

(GaAsBi). Rapid band gap energy (𝐸𝑔) reduction up to 88 meV/%Bi, high spin-orbit 

splitting energy and lower 𝐸𝑔 sensitivity to temperature make it promising material 

for active area of emitters operating in near-infrared spectral range. However, Bi 
incorporation within GaAs lattice is complicated and requires unconventional 
conditions of molecular beam epitaxy, such as low growth temperature (< 400oC), 
near stoichiometric As/Ga ratio and etc. [1,2]. Also, since the atomic radius of the 
Bi atom is larger than those of Ga and As atoms, high Bi concentrations cause a 
lattice distortion. Therefore, emission efficiency of GaAsBi is low and optimization 
of growth and quantum structure design is essential for development of bismide-
based optoelectronic devices. Photoluminescence (PL) spectroscopy is a powerful 
tool to study how technological approaches and structural design influence the 
optical properties of GaAsBi quantum structures. Moreover, PL is a non-
destructive technique that requires no sample preparation, making it relatively 
simple and fast. Nevertheless, optical characterization allows for detailed 
investigation of observed physical processes, mechanisms, defects, etc. 

In this talk several examples of how growth conditions, quantum structure 
design and post-growth treatment influence optical properties of GaAsBi quantum 
wells (QW) and how PL spectroscopy could be effectively used for quantum 
structure optimization. Temperature- and excitation-dependent PL results of two-
substrate-temperature MBE growth approach, GaAsBi (QW) with linearly and 
parabolically graded AlGaAs barriers and post growth thermal annealing of 
GaAsBi QW with different barriers will be presented and discussed. 

 
Acknowledgements: Part of this work was supported by Research Council of Lithuania 
under the Grant No. S-MIP-22-86. 
 
Keywords: GaAsBi, photoluminescence, MBE, NIR. 

 
References: 
1. S. Francoeur et al. Applied Physics Letters 97(6) p.11–14 (2006) 
2. R. D. Richards et al. Physica Status Solidi (b) 259(2) p. 2100330 (2022) 
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RIANA: Research Infrastructure Access  
in Nanoscience & Nanotechnology 

 
Mindaugas Juodėnas1, Sigitas Tamulevičius1, Michael Stuckelberger2 

 
1Institute of Materials Science, Kaunas University of Technology, 

K. Baršausko St. 59, LT-51423 Kaunas, Lithuania 
2Deutsches Elektronen-Synchrotron DESY, X-Ray Nanoscience and X-Ray 

Optics, 22607 Hamburg, Germany 
mindaugas.juodenas@ktu.lt 

 
Research in nanoscience and nanotechnology is vital for global sustainability. 

Advancements in these fields rely heavily on research infrastructures (RIs). The 
EU-funded RIANA project [1] has brought together seven European networks of 
top-level RIs to provide access to the most advanced techniques for 
nanofabrication, processing/synthesis, characterization and analysis, as well as 
simulation capacity. Access to 69 infrastructures, spread across 22 European 
countries (fig.1), is efficiently coordinated through a single entry point. This access 
is facilitated by comprehensive scientific and innovation services offered by senior 
scientists, facility experts, and highly trained junior scientists. 

The core objective of RIANA is to attract both experienced and new users 
from academia and industry. Priority will be given to researchers with the most 
innovative ideas and approaches that can effectively utilize the RIs for 
nanoscience and nanotechnology with a focus on sustainability. RIANA will accept 
user proposals based on a continuous call that will be launched soon. The 
excellence of user projects will be evaluated by an independent review panel using 
the following criteria: i) scientific excellence; ii) potential to increase technology 
readiness levels; iii) level of cross-disciplinarity; iv) impact on environmental 
safety; and v) impact on nanoscience or nanotechnology. 
 

 
Fig. 1. The RIANA consortium encompasses 7 networks (LEAPS, Laserlab, e-DREAM, 

RADIATE, LENS, EuroNanoLab and EUSMI) offering access to 69 infrastructures, spread 
across 22 European countries 

 
Keywords: research infrastructures, sustainability, 
nanoscience, nanotechnology. 
References: 
1. RIANA-project.eu  
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Gold Nanoparticle Based Thin Films for 
Optical and Electrical Sensing 

 
Casper Kunstmann1, Mathias Brust2 

 
1University of Southern Denmark, Mads Clausen Institute 

Alsion 2, DK6400 Sønderborg, Denmark 
2University of Liverpool, Department of Chemistry,  
Crown Street, Liverpool L69 7ZD, United Kingdom 

kunstmann@mci.sdu.dk 
 

Thiolate-capped gold nanoparticles have been extensively studied over the 
past three decades. One of their most promising real life applications is the use of 
superlattices of particles as active components in artificial-nose-type sensing 
devices [1]. Here, we investigate the changes in interparticle spacing upon 
hydration and dehydration of drop-cast films of hydrophilic gold nanoparticles 
(GNP) have been measured in situ with nanometer resolution using WetSTEM and 
ESEM. These subtle variations correlate well with the corresponding changes in 
the optical spectra and perceived color as well as changes in the electrical 
conductivity of the films.  

 

 
Fig. 1. Reversible humidity dependent optical spectra of GNP based thin films, observed 

under optical microscopy and high-resolution environmental SEM [2] 

 
AC impedance analysis allows us to differentiate between resistive and 

capacitive components and to evaluate how these depend on average particle 
spacing and the water content of the matrix, respectively [2]. Thin films of this type 
are promising candidates for development of sensors and diagnostics.  
 
Keywords: nanoparticles, thin films, spectroscopy, environmental SEM, impedance. 
 
References: 
1. H. Wohltjen et al. Analytical Chemistry 70 p. 2856−2859 (1998) 
2. C. Kunstmann-Olsen et al. Chemistry of Materials 28(9) p. 2970–2980 (2016) 
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Recent Advances in Nanomaterial-Based Immunosensors 
 
Almira Ramanaviciene, Asta Kausaite-Minkstimiene, Benediktas Brasiunas, 

Anton Popov 
 

NanoTechnas – Center of Nanotechnology and Materials Science, Institute of 
Chemistry, Faculty of Chemistry and Geosciences, Vilnius University, 

Naugarduko St. 24, LT-03225 Vilnius, Lithuania 
almira.ramanaviciene@chf.vu.lt 

 
Scientists are continuously investigating new technological approaches to 

develop sensitive, selective, rapid, cost-effective, and precise methods for the 
determination of biomarkers in body fluids. In this context, immunosensors are 
very promising and powerful diagnostic tools. The scientific and industrial impact 
of nanoscience and nanotechnology on the development of immunosensors has 
been growing fast. To construct ultra-sensitive immunosensors the advantages of 
different surface modification methods, various immunoassay formats, as well as 
innovative approaches based on the application of nanomaterials for the 
enhancement of the analytical signal need to be combined [1,2]. Noble metal and 
metal oxide nanoparticles have received considerable attention in the 
development of immunosensors due to their attractive physical and chemical 
properties and simple synthesis procedure.  

In this contribution the trends and challenges in the applications of 
nanomaterials will be discussed, focusing particularly on the utilization of gold 
nanoparticles and magnetic nanoparticles modified by gold for the analytical signal 
amplification using direct and indirect biomarker detection strategies [3,4]. 
Additionally, the effects of nanoparticles on the optical and electrochemical 
immunosensor performance will be addressed. 

 
Acknowledgments: This research was funded by a grant (No. S-MIP-22-46) from the 
Research Council of Lithuania.  

 
Keywords: electrochemical and optical immunosensors, gold nanoparticles, signal 
amplification strategies. 

 
References: 
1. A. Ramanaviciene et al. In: The Detection of Biomarkers. Past, Present and the Future 
Prospects, 1st Edition, Eds: S. Ozkan, N. Bakirhan, F. Mollaraosouli. Elsevier, Academic 
Press (2022) 
2. A. Popov et al. Current Opinion in Electrochemistry 46 p. 101524 (2024) 
3. A. Kausaite-Minkstimiene et al. ACS Appl. Mater. Interfaces 14 p. 20720–20728 (2022) 
4. B. Brasiunas et al. Bioelectrochemistry 156 p. 108638 (2024) 
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Tetrapods based Smart Materials for Advanced Technologies 
 

Yogendra Kumar Mishra 
 

Mads Clausen Institute, NanoSYD, Smart Materials, 
University of Southern Denmark, Alsion 2, 6400 Sønderborg, Denmark 

mishra@mci.sdu.dk 
 

Considering the size dependent utilization complexities of nanoscopic 
dimensions towards real applications, the focus of nanomaterials community is 
merging to three-dimensional (3D) form of materials which are built out of 
interconnected anisotropic nanostructures. This talk will briefly introduce the 
importance of tetrapod shaped nanostructures towards smart 3D nanostructuring. 
A simple flame based single step approach was developed for synthesizing zinc 
oxide tetrapods which demonstrated many applications in different technologies. 
These tetrapods have been used as building blocks to construct highly porous 
interconnected 3D nanonetworks which can be utilized as templates to develop 
novel smart 3D networks from nearly any desired material. These smart 3D 
nanomaterials offer many applications in engineering and advanced technologies. 
Some examples of 3D nanomaterials engineering will be demonstrated along with 
their applications in various directions [1–10]. The scopes of 3D nanostructuring 
based smart materials in sensing, electronics, optoelectronics, energy, 
biomedical, optical and photonic engineering technologies, etc. will be briefly 
highlighted in the talk. 
 
Keywords: smart materials, tetrapods, hybrid nanomaterials, advanced technologies. 
 
References: 
1. Chemical Engineering Journal 462 p. 141984 (2023) 
2. Progress in Materials Science 139 p. 101169 (2023) 
3. Progress in Polymer Science p. 101516 (2022) 
4. Materials Today 50 p. 533–569 (2021) 
5. Materials Today 48 p. 7–17 (2021) 
6. Advanced Science p. 2100864 (2021) 
7. Advanced Functional Materials 31 p. 20007555 (2021) 
8. Materials Today 32 p. 108–130 (2020) 
9. Advanced Functional Materials p. 1909725 (2020)  
10. Materials Today 6 p. 631–651 (2018) 
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Surface Modification of Nanoparticles: Challenges, Benefits 
and Applications 

 
Vaidas Klimkevičius 

 
Institute of Chemistry, Faculty of Chemistry and Geosciences, Vilnius 

University, Naugarduko St. 24, LT-03225 Vilnius, Lithuania 
vaidas.klimkevicius@chf.vu.lt 

 
The rapidly expanding field of nanotechnology has seen remarkable progress 

with nanoparticles emerging as indispensable components across various sectors 
including healthcare, environmental remediation, electronics, energy, and 
materials science. Central to the utility of nanoparticles lies their surface 
modification, a process crucial for tailoring their properties to meet specific 
application requirements. This thesis explores the multifaceted landscape of 
nanoparticle surface modification, investigating the challenges, benefits, and 
diverse applications of this transformative technique. 

Nanoparticles, owing to their small size and expansive surface area, harbor 
significant surface energy and often tend to agglomerate or aggregate. This 
underscores the critical importance of additional surface modification to ensure 
their stability in various media, including biological environments. Stability is a 
major issue hindering the widespread applicability of nanoparticles. However, it is 
not the only concern; some nanoparticles can be toxic to individuals or the 
environment. Therefore, surface modification is essential not only for stability but 
also to ensure the biocompatibility of these unique counterparts. Moreover, the 
targeted surface modification could tailor the surface properties empowering 
nanoparticles to overcome biological barriers, exhibit prolonged circulation times, 
and facilitate selective targeting in biomedical applications. 

 

 
Fig. 1. Upconverting nanoparticles surface modification using various functional polymers 

 
This presentation will focus on the development of multifunctional 

nanoplatforms for biomedical applications, encompassing synthesis 
methodologies, surface modification techniques and application capabilities. 

 
Keywords: optical nanoparticles, surface treatment, stability, biocompatibility, functionality.  
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SARS-CoV-2 Nanobiosensor Based on Surface Plasmon 
Resonance 

 
Weronika Andrzejewska1, Nadzeya Khinevich2, Patryk Obstarczyk3, 

Szymon Murawka1, Joanna Olesiak-Bańska3, Sigitas Tamulevičius2,4, 
Mikołaj Lewandowski1 

 
1NanoBioMedical Centre, Adam Mickiewicz University, Wszechnicy 

Piastowskiej 3, 61-614 Poznań, Poland 

2Institute of Materials Science of Kaunas University of Technology, 
K. Baršausko St. 59, LT-51423 Kaunas, Lithuania 

3Institute of Advanced Materials, Wroclaw University of Science and Technology, 
Wybrzeże Wyspiańskiego 27, 50-370 Wrocław, Poland 

4Department of Physics, Kaunas University of Technology, Studentų St. 50, LT-
51369 Kaunas, Lithuania 

weronika.andrzejewska@amu.edu.pl 
 

The COVID-19 pandemic has stimulated the scientific world to intensify 
studies aimed at developing quick and safe ways to detect viruses in human body. 
However, life-threatening virus studies can only be performed in certified 
laboratories that follow strict safety procedures. In other research units, the use of 
so-called virus-like particles (VLPs), in which the virus capsid is replaced by a 
synthetic core to which real virus proteins are attached [1], constitutes a safe 
alternative. The SARS-CoV-2 VLPs fabricated by our group are characterized by 
the presence of gold cores in which the so-called localized surface plasmon 
resonance (LSPR) appears [2]. Due to this, they can be applied in biosensing and 
bioimaging applications utilizing the surface-enhanced Raman scattering (SERS) 
[3]. In the next step, using the capillary-assisted particle assembly (CAPA) [4], we 
have prepared an innovative matrix composed of SARS-CoV-2 VLP exhibiting the 
surface lattice resonance. SERS signals originating from antibodies (mAbs) that 
specifically binding to VLPs make the fabricated system suitable for applications 
in ultrasensitive biodetection. 
 
Acknowledgments: The studies were financed through the LaSensA project carried out 
under the M-ERA.NET scheme and co-funded by the European Union’s Horizon 2020 
programme, the Research Council of Lithuania (LMTLT), agreement No. S-M-ERA.NET-21-
2, the Saxon State Ministry for Science, Culture and Tourism (Germany) and the National 
Science Centre of Poland, project No. 2020/02/Y/ST5/00086. 
 
Keywords: SARS-CoV-2, AuNPs, virus-like particles (VLPs), capillary-assisted particle 
assembly. 
 
References: 
1. H. Tariq et al. Frontiers in Microbiology 12 p. 4137 (2022) 
2. W. Andrzejewska et al. ACS Synthetic Biology 12(8) p. 2320–2328 (2023) 
3. N. Khinevich et al. Sensors and Actuators B Chemical 394 p. 134418 (2023) 
4. H. S. C. Yu. et al. Particle & Particle Systems Characterization 39(4) p. 2100288 (2022) 
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Photoplethysmography-Based Physiological Measurement 
Technologies: Applications and Uncertainty Estimation 

 
Vaidotas Marozas, Andrius Petrėnas, Andrius Sološenko,  

Mantas Rinkevičius, Arūnas Lukoševičius 
 

Biomedical Engineering Institute, Kaunas University of Technology, 
K. Baršauskas St. 59, LT-51423 Kaunas, Lithuania 

vaidotas.marozas@ktu.lt 
 

Photoplethysmography (PPG) has emerged as a promising technology [1] in 
medical wearables for non-invasive monitoring of vital signs and pathologies such 
as heart arrhythmia [2] and blood pressure [3]. Although PPG-based devices offer 
convenience and accessibility, they also pose challenges related to uncertainty in 
measurement accuracy. This presentation explores the significance, sources, and 
methods for uncertainty estimation in PPG-based physiological measurements, 
critical for enhancing the trustworthiness of data obtained through medical 
wearables. Fig. 1 exemplifies two mentioned applications. 
 

 
Fig. 1. PPG-based arrhythmia detection and systolic blood pressure (SBP) estimation. The 

shadowed area indicates uncertainty regions 

 
Integration of uncertainty estimation methodologies, such as probabilistic, 

nonparametric modeling and error propagation analysis, into PPG-based systems, 
allows healthcare professionals better interpret and utilize the collected data for 
more confident clinical decision making. 
 
Keywords: PPG, medical wearable devices, heart arrhythmia, blood pressure, monitoring. 

 
References: 
1. P. Charlton et al. Physiological Measurement 44 p. 111001 1–125 (2023) 
2. A. Sološenko et al. Physiological Measurement 40(2) p. 025003 1–13 (2019) 
3. B. Paliakaitė et al. Computing in Cardiology 2021 p. 1–4 (2021) 
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Fundamental Topology and Emergent Applications of the 
Nanostructured Ferroelectrics 

 
Igor Lukyanchuk 

 
University of Picardie, 33 rue St. Leu, 80000 Amiens, France 

lukyanc@ferroix.net 
 

The modern electronics is currently facing a profound challenge. The demand 
for even smaller and more closely packed elements has hit a stumbling block. We 
propose several solutions based on the unique functionality of electrically 
polarised nanomaterials, nanoferroelectrics, to host complex polarization textures 
that are incredibly stable due to topological self-protection  

Negative capacitance [1] (NC) for low-dissipative nanoelectronics. We put 
forth a foundational mechanism of the NC demonstrating the inevitable emergence 
of the NC due to the formation of polarization domains. We establish a practical 
design of the NC FET based on the domain layout. The proposed device is tunable 
and downscales to the 2.5–5 nm technology node. 

Ferroelectric THz vibrations [2] for ultrafast nanoelectronics. The 
suggested technology employs a ferroelectric material with a ferroelectric-
dielectric heterostructure as a resonator for electrons of an electrical circuit or for 
a terahertz electromagnetic wave. A peculiarity of the described structure is that 
the polarization of each ferroelectric layer variates periodically in space, forming a 
set of domains that exhibits a diverse wealth of oscillation modes in the terahertz 
spectral band.  

Ferroelectric tunable chirality [3] for optoelectronics. The topological 
chirality in nanostructured ferroelectrics is intimately related to topological 
polarization ordering. It emerges together with the polarization by spontaneous 
symmetry breaking from the non-chiral paraelectric state. In ferroelectrics it can 
be tuned and manipulated by changing the polarization ordering.  Given that the 
latter is directly coupled to an electric field, the chirality switching, hence optical 
activity manipulation, by the electric field offers a remarkable operational platform. 

Multilevel logic [4] unit for non von Neumann & neuromorphic computing. 
Ferroelectric nanodots hold two, three, or even four polarization states that are 
energetically stable thus providing a platform for encoding information. We reveal 
stable configurations and how to manipulate the polarization to move it between 
stable positions using electric fields. The important problems we address are the 
novel data protection and encryption protocols implementing these states and the 
ways the multilevel systems can enhance machine learning capable of better-
emulating systems like the human brain. 
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Universality of electrical charge quantization and the fundamental nature of 

the Planck constant are the foundational principles of electrical quantum metrology 
where macroscopic quantum phenomena (quantum Hall and Josephson effects) 
are routinely employed in commercial high-precision measurements systems. 
Recent advances in high-fidelity manipulation of discrete electrons in metrological 
current sources [1] open up a new resource for quantum technologies 2.0 [2] with 
individual electrons propagating in semiconductor circuits in direct analogy to 
photons. We discuss an electron quantum optics toolbox of circuit elements for 
on-demand emission, transformation, and read-out of single-electron wave-
packets, emphasizing the unique advantages of beamsplitters [3,4] with the 
dispersion tuneable by the field effect and the non-linearity mediated by controlled 
Coulomb interaction. Envisioned applications are quantum-limited sensors for 
picosecond scale electrical signals and eventually an all-electronic quantum 
information platform interfaceable with other cryogenic on-chip technologies. 
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Magnetoelectric (ME) effect is defined as a linear coupling between 

polarization and magnetic field (direct effect) and between magnetization and 
electric field (converse effect). This effect has been of immense interest in the 
scientific community over the past years [1]. Unlike ME of single-phase 
multiferroics, numerous ME composites, combining elastically coupled 
piezoelectric and magnetostrictive phases, have been shown to yield very strong 
ME effects even at room temperature. These structures also offer a great flexibility 
in the sense that a large number of parameters may be tuned independently 
including the materials properties of the constituent phases and the connectivity 
between them. Consequently, these composites are nowadays very close to a 
range of promising applications including: DC and AC magnetic vector field and 
electric current sensors, magneto-electro-elastic energy harvesters, multiple-state 
memory devices, micro-sensors in read heads, transformers, spinners, diodes, 
spin-wave generators, electrically tunable microwave filters, and various 
biomedical devices.  

In this work, the fabrication and characterization of several types of novel ME 
composite transducers will be presented including magnetic/piezoelectric 
cantilevers for environmental (mechanical+magnetic) energy harvesting [2], 
sensitive magnetic field sensors, and various ME composites (scaffolds) for tissue 
regeneration, drug delivery, and remotely induced catalysis. These include 
piezoelectric fibers with embedded magnetic nanoparticles, ME nanorods, and 
core-shell ME spherical nanoparticles.  These composites are characterized by 
excellent biocompatibility and biodegradability and show large ME response 
mediated by the remote magnetic field. Scaffold morphology, molecular and phase 
composition, crystalline structure, surface potential, and local piezoresponse were 
studied [3]. Core-shell structures based on MnFe2O4 and (Ba,Ca)(Zr,Ti)O3 were 
synthesized by mild hydrothermal synthesis and surface modification [4]. These 
structures were used for the removal of water pollutant (rhodamine B) with more 
than 95% efficiency under AC magnetic field of only 150 mT. Other examples of 
the biomedical applications of ME composites will be presented in this talk. 
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The role of organic conductors, in particular the role of conductive polymers 

has steadily increased over the past years as robust, highly-conductive polymers 
emerged. Therein, their efficient charge-transport presents a pressing issue in the 
field organic electronics. Poly(3,4-ethylenedioxythiophene) (PEDOT) has 
emerged as the dominant material in the field and most optimization and 
applications have focussed in this material [1]. 

In this talk, we will focus on alternatives to processing optimization, 
specifically on oxidative chemical vapour deposition (oCVD) of PEDOT [2,3] and 
other, emerging materials. Through the employment of functional doping agents 
and functionalization of surfaces by self-assembled monolayers (SAMs), high 
conductivities are possible even in materials notorious for limited conductivities. 

The results will be supported with XPS, XRD, GIWAXS, AFM/KFM 
measurements and theoretical studies that aim to explain the mechanisms 
involved. 
 

 
Fig. 1. Tremendous effect of a self-assembled monolayer (SAM) on topography and 

surface potential (~work function) of deposited PEDOT [4] 
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In recent years the focal point of organic light emitting diode (OLED) emitter 
development has shifted towards the search for cheaper and more sustainable 
alternatives for the widely used heavy transition metal complexes (such as Ir, Pt). 
One of the explored directions involves the acquisition of two-coordinate coinage 
metal (Cu, Ag, Au) complexes bearing electron deficient carbene and electron rich 
amide ligands (fig. 1). These compounds exhibit highly efficient thermally activated 
delayed fluorescence (TADF) characterized with low photoluminescence lifetimes 
(below 1 μs) and near-unity photoluminescence quantum yields, making them 
suitable for OLED applications [1].  

Recently we have discovered yet unknown photophysical characteristics of this 
compound class that open novel practical application directions. Firstly, by using 
specific carbene ligands with axillary acceptor fragments we were able to induce 
through-space interligand charge transfer process, associated with TADF with 
very low activation energy [2]. 

We have also shown that by incorporating carbene ligands with reduced 
sterical shielding the formation of emissive dimers can be achieved for the 
corresponding complexes. In this case the emissive charge transfer process 
proceeds between face-to-face aligned donor and acceptor fragments of the 
neighboring molecules. The dual emission form monomeric and dimeric complex 
species results in white emission that can be exploited to produce cost-effective 
simple design white light OLEDs [3,4]. 

Finally, by choosing donor fragments with energetically low-laying local triplet 
states, long-lived room temperature phosphorescence can be induced in the 
materials that can be used for oxygen sensing or for production of anti-counterfeit 
markers. 
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Organic light emitting diodes (OLED) have undergone rapid development 

recently in the market of displays and lighting devices. Nevertheless, the biggest 
challenge for the technology remains the demand for higher efficiency, especially 
for blue emitting devices. As the singlet and triplet excitons are formed in a ratio 1 
to 3 in OLEDs, the logical way to increase the efficiency of device is the exploitation 
of the triplet excited states.  

The phosphorescent emitters possess metal atoms incorporated in the 
organic complexes. This helps to enhance spin-orbit coupling making spin-
forbidden transitions emissive at room temperature. The incorporation of heavy 
atoms such as sulphur was suggested as the way to achieve room temperature 
phosphorescence (RTP) of fully organic emitters without noble metals such as Ir, 
Pt, etc. [1]. The alternative to the phosphorescent OLEDs is the devices based on 
the phenomenon of thermally activated delayed fluorescence (TADF). TADF is the 
delayed fluorescence of upconverted triplet excitons through the reverse 
intersystem crossing [2]. TADF requires the charge transfer for the minimization of 
singlet-triplet energy splitting. Thus, the donor-acceptor moieties are required 
within a molecule or exciplex-forming molecular mixtures. If the charge transfer is 
localized, the multiresonant TADF occurs. It results in the significant reduction of 
full width at half maximum of emission and enhancement of stability and efficiency 
of OLEDs [2]. The collisional interactions with molecular oxygen quench triplet 
emission. In the case of RTP, an additional spectral band appears after the 
removal of oxygen, unlike in case of TADF. Such unique dependence on oxygen 
makes it possible to utilize TADF and phosphorescent emitters for optical sensors 
of oxygen. Hyperfluorescence was introduced to narrow the emission spectral 
band, and to improve device stability and efficiency [2]. It is based on the utilization 
of host-sensitizer-guest systems in which triplet harvesting happens in the host 
compounds and then the conventional prompt fluorescent emitter can emit light 
with increased efficiency. The combination of TADF, RTP, solid state 
luminescence enhancement and mechanochromism is considered recently. 

In this presentation our work related to the study and exploitation in OLEDs 
and optical sensors of the emissions facilitated by triplet excitons will be reviewed. 
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The climate and sustainability crisis is currently the biggest problem for the 
survival of humanity. It cannot be solved by science and technological progress 
alone but requires a change of thinking at all levels. As scientists, we have a 
special responsibility and should take a leading role in communicating the need 
for urgent action to the public and decision makers.  

The first part of this talk will highlight the alarming signals, which are 
meanwhile also clearly visible in Europe. Our climate exhibits the typical features 
of a strongly interconnected complex system, such as strong nonlinearities, 
positive feedback, and tipping points, which are characterized by massive 
irreversible changes and cascade effects. Due to the well-known exponential 
growth effects in complex systems, there is not much time left before the first 
tipping points are reached.  

The second part of the talk addresses the question of what are the barriers 
towards change despite the striking evidence and what can be done. Based on 
examples from Kiel and our very active network North European Network 
Nanotechnology (NINa e.V., https://www.nina-sh.de) it will be shown that 
nanotechnology and new materials are key technologies to overcome the climate 
crisis. Emphasis, however, will be put on a more general view, ranging from the 
role of universities and the scientific community to our lifestyle. A sustainable 
lifestyle and a focus on what is important in life would not only improve our quality 
of life but also solve many other problems. This has particularly been 
demonstrated over the last years by Finland, which is the leading nation in terms 
of sustainability [1] and continues to have the happiest people worldwide [2]. 

As for the scientific community, we, a group of concerned researchers, 
recently founded the International Alliance of Societies for a Sustainable Future 
(https://sfs-alliance.org). Our vision is to establish an international scientific 
network as a tool to alert the general public worldwide to the sustainability crisis 
and to recommend measures for a socio-ecological transformation [3]. The 
alliance is not restricted to natural sciences and technology but aims to go through 
all disciplines across borders and cultures. 
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In recent years, layered double hydroxides (LDHs) have attracted great 

attention from scientists due to their wide and important spectrum of applications 
in different areas such as catalysis, photochemistry, biomedical science, and the 
environment [1]. Nowadays, the most common synthesis techniques for LDH 
fabrication are co-precipitation or hydrothermal methods, but other methods like 
sol-gel, anion exchange, or ball milling are also used. Each of these above-
mentioned methods has its own advantages and disadvantages when compared 
to each other, especially for some specific applications [2]. 

The aim of this study is to show how the dual-stage co-precipitation method 
can be used to synthesize different metal composition LDHs inside the wood 
matrix. Mineralization of wood blocks occurs in multiple steps: vacuuming, soaking 
with different compositions and concentrations of M2+/M3+ metal nitrate solutions, 
drying of wood, and again repeating the same procedure but with a second 
soaking in sodium carbonate (Na2CO3) solution (see fig. 1). The properties of 
mineralized wood samples, such as mechanical strength, thermal insulation, fire 
retardancy, antibacterial, and antifungal properties, have been investigated and 
show a high potential for application. 

 

 
Fig. 1. Schematic diagram of wood impregnation  

 
Keywords: sol-gel, co-precipitation, layered double hydroxide, wood mineralisation, 
soaking.  
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With the reduction of device sizes and materials to nanoscale dimensions, 

electron microscopy has emerged as a widely used method for characterizing 
materials in the field of material science. Throughout the last century, electron 
microscopy techniques have experienced consistent advancements and 
innovation. This presentation will focus on conventional electron microscopy 
techniques and discuss my experience in materials science with these powerful 
instruments. 

The primary emphasis will be on advanced measurement techniques, namely 
scanning electron microscopy (SEM), focused ion beam (FIB), and transmission 
electron microscopy (TEM), with a particular focus on the SEM FIB Helios 5UX 
system. These integrated systems merge scanning electron microscopy (SEM), 
focused ion beam (FIB), and transmission electron microscopy (TEM) to offer a 
thorough analysis of samples. This includes examining the surface, analysing the 
elements present, obtaining topographical information, and creating three-
dimensional reconstructions. Scanning Electron Microscopy (SEM) provides 
detailed images of surfaces, allowing for analysis of the elements present and 
crystal structure. The Focused Ion Beam (FIB) prepares lamellae by slicing and 
viewing study materials in bulk, removing them, and creating patterns on them. 
Transmission electron microscopy (TEM) allows for extremely detailed imaging at 
the atomic level and provides crystallographic data. Furthermore, modern electron 
microscopy systems enable various analytical techniques, in situ measurements, 
and prototyping, thereby greatly expanding their analytical capabilities.  

The presentation will provide an introduction to the fundamental principles of 
electron microscopy, highlight practical applications in the field of material science, 
and delve into the most recent advancements in these technologies. These 
advancements create opportunities to analyse intricate materials, nanostructures, 
and biomaterials, fostering innovation in diverse fields such as material science, 
electronics, and biotechnology. The purpose of this lecture is to offer knowledge 
and understanding of the practical uses and potential future advancements of 
these highly effective tools in the field of material science. 
 
Keywords: SEM, FIB, TEM. 
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Novel technological solutions are required for the rapid transition to 
renewable energy and sustainable material ecosystems. There is widespread 
agreement that various electrochemical technologies for energy and catalytic 
conversion, material processing, and recycling will be key to this transition [1,2]. 
The main advantages of electrochemical devices are their high efficiency and 
process selectivity, as well as their unique scalability [3]. Aqueous batteries based 
on Na or Zn ions are gaining attention for stationary energy storage because of 
their cost-effectiveness, safety, and environmental benefits, where low specific 
capacity is not a major concern. Na superconductors (NASICONs) and Prussian 
blue analogs (PBAs) are good candidates as potential electrode materials for this 
type of battery technology. Both have a rigid three-dimensional structure that 
allows easy insertion or extraction of ions. However, in aqueous media, these 
materials often suffer from low coulombic efficiency, fast self-discharge, and rapid 
capacity fade. These effects are still poorly understood, and a better 
understanding of their origin is crucial for their mitigation.  

In this study, we investigated a range of NASICONs, including NaTi2(PO4)3, 
NaTiMn(PO4)3, Na2TiV(PO4)3, and PBA materials, such as Na2Fe2(CN)6-xH2O. To 
understand the underlying degradation mechanisms of these materials, we studied 
their electrochemical performance in aqueous systems using a combination of 
electrochemical and other techniques such as operando pH measurements, ex 
situ X-ray diffraction and Rietveld refinement, solid-state NMR, and XPS. We 
demonstrated that the control of dissolved oxygen, pH, and battery operating 
conditions plays a major role in the degradation of these materials. Based on the 
collected data, we developed several strategies to mitigate these effects, such as 
ALD coatings, tuning of the electrolyte composition, and utilization of reducing 
agents. 
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Leidenfrost regime occurs when a liquid brought into contact with 
superheated solid surface, the effect has been discovered earlier by the scientist 
Johann Gottlob Leidenfrost in 1856. When the temperature increases and also the 
heat flux increases to be closer to the critical heat flux, then they will be a vapour 
layer to insulate the surface, hence, prevent the heat transfer and leads to a 
frictionless state, the determination of Leidenfrost temperature is crucial in 
numerous applications, including but not limited to fuel injection, spray cooling, 
and drag reduction [1,2]. In this work, Leidenfrost temperature for aluminum 
samples were determined for different sample‘s temperature, water temperature. 
Aluminum samples are heated up to, 300, 320, and 340°C, also the Twater was 
changed at each time (20, 25, 30°C). The setup of Leidenfrost experiment as in 
fig 1. 

 

 
Fig. 1. Represents Leidenfrost effect setup 

 
The results were shown that the formation of the vapor film and Leidenfrost 

effect, further studies will be done to lower Leidenfrost temperature by texturing 
and coating the aluminium samples. 
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The main purpose of agriculture is food supply, and the application of 

effective methods allows to grow large quantities of quality crops. However, 
extremely intensive and chemicalized agriculture severely damages the naturally 
formed ecosystem [1]. It is this problem that encourages concern about soil 
conservation, improving its quality, human health, and environmental protection, 
which encourages the search for alternative methods of agriculture. One of them 
is organic farming, which is a method in which mineral fertilizers are not used, and 
nutrients needed by plants are provided using biological substances of organic 
origin. One of them is biogas production waste – digestate, which regulates soil 
structure because it is rich in organic matter. Scientific studies confirm that biogas 
digestate is used as fertilizers for plants, as a soil improver, as a biological product 
in the fight against diseases and pests, and as a substrate in hydroponics [2]. 

A chemical analysis of the three companies digestate samples was carried 
out, which showed that the digestates contain primary and secondary nutrients. In 
order to produce high-quality fertilizers or a base for growing plants, it is very 
important to know not only the chemical composition, but also the structure of the 
materials, their homogeneity and surface. Therefore, the digestate was analysed 
by the SEM-EDS method, taking photos of the raw materials, elemental mapping, 
and the concentration of elements (fig.1).  

Fig. 1. SEM-EDS photo and elemental mapping of raw material (Kurana, Pasvalys) 

 
Keywords: digestate, organic farming, fertilizers, element map. 
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The study of human lung cancer is crucial due to its status as a leading cause 
of cancer-related deaths worldwide. Different subtypes of lung cancer exhibit 
unique characteristics, making it important to understand their morphological and 
molecular features. Atomic Force Microscopy (AFM) is a powerful tool for studying 
lung cancer tissues, offering high-resolution imaging at the nanoscale, and 
measuring tissue mechanical properties such as stiffness and elasticity, which are 
indicative of cancer progression [1]. While AFM has been used to study various 
cancers, its application to human lung cancer tissues remains largely unexplored. 
This presents an opportunity to discover novel properties of lung cancer subtypes. 

In this study, we investigated the potential of AFM methods in analysing 
human lung cancer tissue using histologically relevant biopsy preparation 
techniques. Adenocarcinoma and squamous cell carcinoma tissue samples were 
prepared using cryosectioning to obtain tissue slices and using liquid-based 
cytology for single cell samples. Tissue sections ranging from 5–10 µm thickness 
and scan areas from 2x2 to 60x60 µm2 were examined using AFM tapping mode, 
achieving good image quality, and finding many micro-structured regions (see 
fig. 1). Cytological samples were prepared for cell surface morphology and 
viscoelasticity studies, measured in contact mode, successfully obtaining single 
cell images (see fig. 1). Additionally, different cell chemical fixation methods were 
compared using cell cultures to optimize AFM techniques. 

 
Fig. 1. AFM a) amplitude image of a 10x10 µm2 area and b) height image of 2x2 µm2 area 

of human lung cancer tissue sections, and c) 47x47 µm2
 area of a cytological sample 
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The pharmaceutical industry has increasingly used antibodies (ABs), which 

are effective but limited by their instability and high molecular weight (~150 kDa), 
reducing tissue penetration. Nanobodies (NBs) are antigen-binding proteins 
derived from ABs found in Camelidae, composed only of a heavy chain with a 
variable domain that has antigen-binding capability. Their shape allows access to 
binding sites that may be unreachable for conventional ABs. NBs investigated as 
agents for immunotherapy can also be employed in biosensing. Using NBs in 
Surface Plasmon Resonance imaging offers increased sensitivity due to higher 
ligand density and more detectable space [1]. 

To prevent random AB orientation, site-oriented AB immobilization through 
protein G can be used to enhance AB density and increase antigen binding activity. 
This type of sandwich assay allows AB regeneration, allowing multiple 
measurements during the same experiment. The main target in combating SARS-
CoV-2 is the S protein, which is responsible for binding to the ACE2 receptors of 
host cells [2]. NBs have been engineered to bind to both active and inactive 
conformations of the receptor-binding motif (RBM) of the receptor-binding domain 
(RBD) of the S protein, thus preventing viral entry into the cell.  

In the present work we applied label-free, real-time, non-destructive surface 
sensitive methods of spectroscopic ellipsometry and quartz crystal microbalance 
to investigate real-time interaction of NBs specific to SARS-CoV-2 S protein. 
Simultaneous QCM and ellipsometry measurements allow to precisely calculate 
antigen binding affinity and surface mass density, resulting in a deeper 
understanding of different SARS-CoV-2 variant detection. 
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High energy electron radiation (4 to 22 MeV), used for radiotherapy [1], 
induces the formation of the complex point defects in the monocrystalline Si [2]. If 
irradiated Si is simultaneously heated and exposed to ultraviolet radiation (UV) 
(photon energy is close to work function of Si) exoelectron emission (EEE) 
appears [2]. While Si EEE can be used for detection of absorbed dose delivered 
by5 MeV electrons, its dependence on energies >5 MeV stays unrevealed. 

Crystalline p-type Si (10 Ω*cm) was irradiated with 6 MeV electron beam, 
typical for radiotherapy, with LINAC Varian TrueBeam. Irradiated Si specimens 
were measured to meet EEE (heat pace 10oC/min, UV photon energy 4.4 eV). 

The EEE emission current Ie has a peak at 500–550°C (fig.1) connected with 
Si-H/ Si-O bonds reconstruction [4]. An increment of derivation (dIe/dT) of the EEE 
peak correlates with the delivered dose (fig. 2).  

The result indicates potential of EEE for detection of the dose (12–60 Gy) 
delivered with 6 MeV electron beam. 

 

  

Fig. 1. Exoelectron emission of Si before 
and after irradiation with 6 MeV electrons 

Fig. 2. 6 MeV electron dose influence on 
exoelectron emission of Si 

 
Keywords: exoelectron emission, monocrystalline silicon, electron beam radiation, 
dosimetry. 
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In modern fundamental and applied research, as well as in the most 

innovative industrial processes, systems with strong magnetic fields are widely 
used [1]. These devices generate magnetic fields with strengths ranging from 5 to 
100 T, and the conductors experience immense Lorentz forces [2]. Therefore, the 
material of the conductors must be extremely strong (tensile strength not less than 
700 MPa) and have good specific electrical conductivity (IACS ≥ 60%). 

Traditional conductors such as copper, aluminum, gold, and silver cannot 
withstand these loads. Consequently, microcomposite materials have been 
developed, which exhibit high strength and good specific electrical conductivity. 
One of the significant unresolved problems in systems with strong magnetic fields 
is the creation of reliable non-destructive joints and the search for reliable joining 
technologies, as most such magnet structures must remain intact once they are in 
operation. However, the commonly used bolted or soldered joints for these 
conductors do not demonstrate high reliability in practice. 
 
Keywords: resistance welding, strong magnetic fields, specific electrical conductivity, 
mechanical properties, microstructure. 
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Nanotechnology is the most advanced and diverse field with multidirectional 

applications in the twentieth century. Green silver nanoparticles (AgNPs) were 
synthesized using plant extract in aqueous form as bio-reducing and bio-capping 
agents. Due to their therapeutic potential applications, various metallic 
nanoparticles are extensively prone to use in nanomedicine. Silver nanoparticles 
are remarkable in their physical and chemical properties. This study aims to 
develop biosynthesized NPs made using fermented Origanum vulgare extract, 
having increased antioxidant and antimicrobial activities. Nanoparticles have a 
size range of 1–100 nm, specifically silver has high antimicrobial properties. The 
biosynthesized NPs were characterized by Transmission Electron Microscopy 
(TEM), Scanning Electron Microscopy-Energy-Dispersive Spectroscopy (SEM-
EDS) techniques, and different spectrophotometric measurements. Prepared 
silver nanoparticles increase antimicrobial activity against Gram-negative and 
Gram-positive bacteria growth by applying the Kirby-Bauer disk diffusion test. The 
prominent increase in antioxidant activity is due to the phenolic compounds in 
Origanum vulgare extract. TEM analysis visually confirms the spherical shape and 
size of 10–20 nm. SEM-EDS was performed for green AgNPs and precise and 
uniform distribution. This research describes for the very first time the use of 
fermented Origanum vulgare for the preparation of AgNPs and proves an increase 
in antioxidant and antimicrobial activity with confirmatory analytical tests and 
calculations. 
 
Keywords: green synthesis; Origanum vulgare, silver nanoparticles, fermentation, 
phytochemical analysis, antibacterial activity, antioxidant activity. 
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Bismuth sulfide is a widely used non-toxic semiconductor, popular for its band 

gap energy value of 1.3 eV. Coupled with FTO glass, it serves as an ideal choice 
for an optoelectronic device for solar cells and many more. 

Our study focuses on the reaction between Bi(NO3)3·5H2O and L-cysteine, 
an environment-friendly sulfur source, with the employment of EDTA-Na2 as a 
chelating agent. The impact of EDTA-Na2 on the particle size and dispersion can 
be explained by the coordination chemistry theory wherein EDTA-Na2 initially 
coordinates with bismuth ions through its two amines and four carboxylates to form 
a stable ring structure [Bi-EDTA]– [1], thus the direct binding of Bi3+ with S2– is 
prevented, making the reaction product more disperse. With the increasing 
temperature, Bi2S3 nuclei form gradually to make up crystals. The reaction takes 
place at 90ºC and is continuous for at least 8 hours, resulting in the formation of 
dark Bi2S3. 

Precipitate is collected and dispersed in the solution of glycerol and 
anhydrous ethanol in 1:1 ratio. The suspension is later added to FTO glass and 
deposited by spin coating method for 60 seconds maintaining 2000 RPM. 

Ultraviolet-visible (UV-Vis) spectroscopy in the 200–800 nm range using a 
Perkin Elmer Lambda 35 UV-Vis spectrometer was used to study the optical 
properties of the deposited bismuth sulfide film. Based on the obtained results, the 
band gap values of thin bismuth sulfide layers obtained by the Tauc diagram 
method were calculated. 

Optical microscopy of thin bismuth sulfide layers was performed with an 
optical microscope Olympus SZX7 with a photo camera, magnification – x112. The 
acquired results were compared and discussed. 
 
Keywords: thin film, UV-Vis, bismuth sulfide. 
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The invention of the laser marked a giant leap in technology, unlocking a vast 

array of new applications of light. From everyday devices to military operations, 
lasers have become ubiquitous. This widespread interest has fuelled ongoing 
research and development, pushing the boundaries of laser technology in pursuit 
of even greater power, faster pulses, and innovative amplification methods and 
these advancements have opened doors to entirely new applications [1]. 

One of the most significant breakthroughs came with the development of 
chirped pulse amplification systems, which dramatically increased laser power 
output. These systems rely on diffraction gratings, specifically paired gratings that 
stretch and compress the laser pulse temporally and spatially before and after 
amplification to prevent damage to the gain medium [2]. Current research focuses 
on developing near-perfect diffraction efficiency gratings. This involves analysing 
various geometries using rigorous coupled wave analysis and then fabricating 
these structures on commercially available mirrors using techniques like deep 
reactive ion etching and electron beam lithography [3]. 
 
Keywords: diffraction, diffraction efficiency, diffraction gratings, multi-layer dielectric mirror. 
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2D transition metal dichalcogenides (TMDCs) are promising for applications 

in variety of optical and electronic devices. One of 2D TMDCs which has recently 
attracted a lot of attention, is tungsten ditelluride (WTe2). Its giant 
magnetoresistance and exotic topological insulator properties makes it a suitable 
candidate for development of magnetic memory devices, magnetic sensors and 
spintronics [1]. 

Majority of applications rely on stable charge transport characteristics, 
however, 2D WTe2 rapidly oxidizes upon exposure to ambient environment, and 
extra capping layer preserving intrinsic electronic properties of WTe2 has to 
implemented [2]. 

One of the most promising methods for forming passivation layers on several 
2D TMDCs is based on deposition of linear alkylamines [3], but it has been verified 
only on exfoliated flakes, and all steps including fabrication of 2D structures being 
performed in glovebox with controlled inert atmosphere. However, for CVD or MBE 
grown 2D WTe2, all-in-glovebox sample fabrication procedures are often 
challenging to ensure.  

Here we show how to implement coating procedure of n-hexylamine 
passivation layer ex-situ on CVD grown WTe2. Fabricated n-hexylamine 
passivated CVD grown 2D WTe2 samples were studied via Raman spectroscopy 
and further implemented into devices to study the charge transport. 

Obtained Raman spectra and magnetotransport measurements at low 
temperatures show that n-hexylamine coating method can be used efficiently to 
protect CVD-grown 2D WTe2 from rapid degradation under ambient conditions, 
allowing the fabrication of WTe2 based nanoelectronic devices on site in any 
laboratory without need for glovebox with low O2 and H2O levels, designated 
specially for application of linear alkylamines. 

 
Keywords: 2D TMDC, WTe2, hexylamine, charge transport carrier measurements. 
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Two-dimensional (2D) materials have become forefront in the development 
of nanoelectronic devices and for fundamental studies of new phenomena. 
Recently discovered higher order topological insulator states in few-layer 
structures [1], quantum spin Hall insulator state [2] and superconductivity [3] in 
monolayer tungsten ditelluride (WTe2) highlight it as one of the most prominent 2D 
materials. However, controlled growth of 2D WTe2 remains a challenging task due 
to the low bonding energy of Te and the high melting points of W precursors. 
Commonly used chemical vapour deposition (CVD) growth lacks control over 
nucleation sites on the substrate, yielding highly nonuniform distribution of 2D 
WTe2 materials with different thicknesses. One promising route is to use 
substrates with predefined nucleation sites, a studied approach for several 
classical 2D materials, but not for the growth of WTe2. 

Here, we have developed a site selective synthesis approach for obtaining 
high-quality, uniformly distributed 2D WTe2 structures on insulating substrates. 
This has been achieved by introducing precursor arrays fabricated via etching of 
sputtered WO3 thin films and further functionalizing them prior CVD growth in a 
two-zone tube furnace. The obtained WTe2 structures have been used to fabricate 
arrays of devices for charge transport measurements. 

Our results show that site selective CVD growth of WTe2 is a promising 
method for obtaining arrays of mono- and few-layer structures on insulating 
substrates, including hexagonal boron nitride, which is particularly important for 
fundamental studies of unconventional electronic properties. 
 
Keywords: CVD, tungsten ditelluride, site-selective. 
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Plasmonic metallic nanoparticles have shown great promise due to their 

unique optoelectronic applications like photocatalysis, medicine, etc. So far, the 
best analyzed plasmonic properties are of gold and silver nanoparticles of shapes 
like spheres, nanorods, nanocubes, and bipyramids. Due to recent advances in 
chemical synthesis methods, gold nanoparticles of new shapes have been 
synthesized, such as nanourchins, nanostars, and nanoflowers, that in general 

have the core of the sphere with 
some outgrowths such as spikes or 
petals (fig. 1). To our knowledge, 
these outgrowths dramatically 
change the plasmonic properties of 
nanospheres, but it is not 
understood completely [1].  

In our work, we analyze 
nanoparticles of gold nanourchins. 
The main objective of the research 
was to systematically study how the 

size of spikes of nanourchins changes their plasmonic properties. For this, we 
used gold nanospheres and nanourchins with different lengths of spikes. We 
analyze how the size of the spikes influences the steady-state absorption spectra 
and transient absorption dynamics. The results show that Au nanourchins with 
very short spikes have optical properties quite similar to Au nanospheres while 
long spikes change optical and plasmonic properties significantly (Au nanourchins 
with short spikes has an absorption spectrum at 500–700 nm while Au 
nanourchins with long spikes has an absorption peak at 500–1000 nm). 
 
Acknowledgements: The studies were performed within the NANOTRAACES project 
carried out under the M-ERA.NET 2 scheme, MERANET-22-2 and co-funded by the 
Research Council of Lithuania. 
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Fig. 1. TEM image and model of Au  
nanourchins 
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Images formed from surface-relief diffraction grating points are used for 
decorative decoration and protective marking purposes. The characteristic of the 
formed pictures or signs is that, depending on the illumination of the surface and 
the direction of observation, the predominant color of the light reflected from the 
selected image point changes. 

Forming such images from relatively fine micrometric dots presents 
technological challenges. 

Device assemblies must maintain mechanical stability and repeatability with 
micrometer part tolerances. An important part is the quality of the control program 
(code) of all nodes of the device. 

Due to errors in the control program, the correct operation of the dot grid 
imaging device becomes unsatisfactory. Experience has shown that it is possible 
to adapt control programs for laser engraving and cutting machines. Several 
groups of such programs have been created. We adapted the Laser GRBL 
program of moderate complexity [1]. 

Using GRBL Laser v.4.9.4 program in the device we had to change the 
controllers for the stepper motors. When debugging the program itself, it was 
chosen that the X and Y channels will control the stepper motors that move the 
tables in the x and y directions. The Z channel was selected for the rotation control 
of the diffraction grating optics.  

In order to obtain the point structure, a code forming program was created 
that divides the illumination of the laser light beam into points, instead of leaving 
continuous lines in the image forming plane. The volume of code compiled in this 
way increased, but the quality of the images improved significantly. 

The following parameters can be changed during code generation: 
- distance between points; 
- duration of illumination; 
- the power of illumination; 
- table movement speed between points; 
- the section of the turning angles of the grating; 
- color coding system; 
- swap the left and right sides of the picture with little effort. 
 

Keywords: diffraction grating, point grating, laser engraving. 
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A vast amount of lead and cadmium waste has accumulated over centuries 

due to their common use in industry. This accumulated waste poses a serious 
hazard to human health through groundwater contamination. Therefore, it is 
necessary to develop quick and affordable techniques for accurately detecting 
lead and cadmium ions in water samples. 

We have designed an electrochemical sensor capable of identifying lead and 
cadmium ions in aqueous solutions by utilizing their unique interaction with pure 
delaminated MXenes. The sensor was fabricated using the drop-casting method, 
applying three layers of a MXene-Nafion mixture onto the working electrode's 
surface. Differential pulse voltammetry (DPV) and cyclic voltammetry (CV) were 
employed to evaluate the sensor's performance, focusing on factors such as 
sensitivity and limit of detection (LOD). 

The developed sensor demonstrated remarkable selectivity for lead ions, low 
LOD values for both cadmium and lead ions, and the ability to identify both directly 
in samples without requiring a lengthy preparatory procedure. This research lays 
the groundwork for future development of MXene-based electrochemical sensors. 

 

 
Fig. 1. Lead (A) and cadmium (B) ion concentration curves determined by differential pulse 

voltammetry using a GCE/MXene+Nafion electrode 

 
Keywords: MXenes, electrochemical sensor, lead detection, cadmium detection.  
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Strong spatially inhomogeneous electric fields near the template surface can be 
formed by the electro-photographic method. This method provides predictable 
topology of electric field near a photoconductive thin-film object using inhomogeneous 
light field, for example interference one. In electrostatic templates, the inhomogeneity 
of electric field can be caused by the surface relief (at a uniform surface charge 
density), or modulated surface charge density, or modulated volume charge. The latter 
one is the template of electret type. Such templates longer preserve their properties 
and can be used multiple times. 

Under exposure to light, photogeneration of current carriers occurs, and 
photoconductivity appears in a charged nanocomposite film [1]. The photoconductivity 
current density is modulated by the intensity of exposing light field. Photocurrents 
decrease the potential on the film surface. After the end of the exposure, non-uniformly 
distributed charges appear on the surface and in the volume of the film. The surface 
charge density is modulated by the exposing light field. Spacially modulated field of 
surface and volume charges can deform the film during its softening and form a stable 
relief and stable spatially distributed charge after solidification. 

In our experiments, the time of surface relief formation was several tenths of a 
second. The reproducibility of parameters was provided by automatic hologram 
registration with a control module [1]. 

When the photocurrent flows through the film, charge carriers are trapped by 
deep traps, and a localized charge modulated by the exposing light field appears. As 
a result, volume charge forms. The probability of carrier trapping is determined by the 
density and energy parameters of deep traps which in our experiments formed, 
apparently, during vacuum deposition of the nanocomposite. The density of the electric 
charge localized in the film is modulated proportionally to the intensity of the exposing 
light field and, therefore, has the same topology as the relief. 

A new approach to the formation of electret templates by the electro-photographic 
technique is proposed. An electret template of about 1 cm2 area was produced by the 
electro-photographic method when a film of nanocomposite photoconductor was 
exposed to the light field of a planar hologram. 
 
Keywords: template, electrostatic relief, hologram. 
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Quartz crystal microbalance (QCM) sensors are used in telecommunications 

and integrated circuits for generating a stable clock frequency from kHz to MHz 
due to the inverse piezoelectric effect. There is a shift in resonant frequency when 
atoms or molecules are adsorbed on their electrodes meaning QCMs can be used 
as effective sensors, for example for gas detection [1]. Adsorption of molecules to 
be detected requires elaborated surfaces where black metals are highly beneficial. 

In this work, Yb:KGW 1030 nm wavelength femtosecond laser was used for 
patterning QCR gold films with laser-induced periodical surface structures 
(LIPSS). The laser beam was scanned in straight lines over the gold electrodes 
with a galvanometer scanner and a telecentric f-Theta lens varying power and 
pulse density. 

 

 
Fig. 1. Optical microscope image of laser-processed gold surface 

 
Once power exceeded 136 mW, LIPSS structures started to form and 

increasing the power further till 205 mW made the thin film darker. Black 
electrodes will be later tested for gas sensing experiments. 
 
Keywords: femtosecond laser, gold thin films, quartz resonators, black metals. 
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Fertilizers, crucial for maximizing crop yields, are undergoing scrutiny due to 

their environmental impact and health concerns. In order to solve these problems, 
efforts are being made to use less concentrated mineral fertilizers, replacing them 
with fertilizing products made from environmentally friendly raw materials. Organic 
wastes such as plant residues, plant and animal by-products (bone meal, fish 
meal), food scraps, etc., which are rich in nutrients, are perfect for composting or 
other forms of processing into fertilizers [1,2]. According to the World Bank, global 
waste generation is expected to increase by 70% by the year 2050 [3]. Therefore, 
recycling wastes into fertilizer is often a part of broader initiatives to promote a 
circular economy and reduce the environmental impact of waste disposal. 

In this research, different solid and liquid waste from food industry was used 
to granulate organic biofertilizers with a rotary drum granulator. Different raw 
materials as buckwheat biomass (BBM), buckwheat hulls (BH), buckwheat hull 
ash (BHA), bone meal (BM), molasses solution (MS), and beaten eggs (BE) were 
mixed in various ratios and granulated by wet granulation with a drum granulator 
to obtain spherical granules. Different amounts of liquid binder (MS or BE) were 
used to improve the agglomeration of organic raw materials. Eight different 
fertilizer compositions were created: 

20% BHA + 40% BH + 40% BBM + BE 
20% BHA + 40% BH + 40% BBM + MS 
40% BHA + 30% BH + 30% BBM + BE 
40% BHA + 30% BH + 30% BBM + MS 
20% BHA + 20% BH + 20% BBM + 40% BM +BE 
20% BHA + 20% BH + 20% BBM + 40% BM +MS 
40% BHA + 10% BH + 10% BBM + 40% BM +BE 
40% BHA + 10% BH + 10% BBM + 40% BM +MS 
Using standardized fertilizer testing methods, it was found that the 

biofertilizers produced by the drum granulator meet the requirements for bulk 
fertilizers, as they are rich in plant nutrients. 

 
Keywords: fertilizers, organic wastes, binder, granulation. 
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Chemical monopropellant propulsion systems are shifting towards non – 
toxic, green compounds, such as ammonium dinitramide, high-test peroxide and 
hydroxylammonium nitrate [1,2]. These fuels require a catalyst to initiate and 
sustain the decomposition reaction, which must be applied on a stable, high 
surface area matrix [3]. For this reason, it was proposed to make a stable, high 
surface area, dense, heat tolerant catalytic bed, using high-pressure particle 
packing method from the sphere of chromatography.  

Therefore, this work aims to evaluate the feasibility of such method and 
compare the suggested packing method to existing one. In addition, several 
configurations of the proposed packing method were analysed and discussed. The 
experiments were carried out by preparing several test and control samples with 
different size of Al2O3 particles as well as different preparation approaches. Test 
samples were packed using high pressure pump, while control samples were 
packed with free-falling granules. Afterward, the backpressure of all samples was 
measured at different flow rates and compared. 

 It was determined that 600–1200 μm particles were the most suitable ones 
to be used as catalyst support, since more reasonable backpressure values were 
achieved. Additionally, it was found that the mixture of H2O and sodium dodecyl 
sulphate was the most suitable solvent to disperse the particles in, due to 
favourable sedimentation and agglomeration effects.  
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In modern society, with a growing interest in the impact of the environment 

on human beings and their biological processes, scientists are working to develop 
more efficient, rapid, and precise methods to understand such events. One of 
these methods is the development of electrochemical systems (biosensors). The 
development of biosensors begins with modification of the working electrode 
surface. The electrode needs a functionalization procedure which includes the 
deposition of organic molecules that demonstrate specific recognition capabilities, 
enabling the following binding of analytes. The formation of a self-assembled 
monolayer (SAM) is a common technique for modifying the electrode surface. The 
terminal groups of the constituent molecules in the SAM have a significant impact 
on its functionality and structure, determining its suitability for biosensor 
development [1,2]. 

The impact of the self-assembled monolayer structure and its constituent 
molecules on the physical characteristics of the screen-printed electrode (SPE) 
surface has been studied using square wave voltammetry (SWV) and 
electrochemical impedance spectroscopy (EIS).  

The effective formation of self-assembled monolayers has been confirmed by 
an increase in charge-transfer resistance and a decrease in current density 
compared to bare SPE results. These findings indicate that established 
electrochemical systems have the potential to serve as a basis for the 
development of biosensors. 
 
Keywords: self-assembled monolayer, biosensor, square wave voltammetry, 
electrochemical impedance spectroscopy, screen-printed electrode. 
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Surface Enhanced Infrared Absorption (SEIRA) spectroscopy has evolved by 
utilizing mainly metal nanostructures for signal enhancement. Specifically, 
researchers have demonstrated the tuning of metal plasmon resonance to the IR 
range through dipolar interactions in nano-antennas and nanoshells [1]. Despite 
advancements, SEIRA application in real-life settings remains complex. Our 
method addresses this challenge by utilizing AgCl/AgBr optical fibers within SEIRA 
spectroscopy. The SEIRA achievement involves the deposition of PVP-coated 
silver nanoparticles onto the fiber surface, facilitated by the interaction between 
PVP and AgCl/AgBr fiber surface. SEM images confirm the successful assembly 
of Ag-PVP nanoparticles on the PIR-fiber loop (approximately 50 ± 10 nm). These 
silver structures on silver halide fiber loop significantly enhance the infrared 
absorption signal of proximal molecules, thus enabling effective SEIRA detection. 

Our innovative fiber-based SEIRA measurements have demonstrated the 
capability to detect naphthalene directly in water at concentrations as low as 
50 µM, under in situ conditions. The findings also indicate that the interaction 
between naphthalene and the Ag-PVP nanoparticles is characterized by physical 
adsorption rather than covalent bonding. This advancement in surface engineering 
and nanostructure design marks a significant step forward in the practical 
application of the SEIRA technique, especially for the detection of environmentally 
critical, low-solubility toxic compounds like naphthalene. 

 

Fig. 1. SEM images SEM images of PIR-fiber loops without nanoparticles (A) and with the 
deposited Ag PVP nanoparticles (B) 
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Lithium-ion batteries (LIBs) represent the largest share of the electrical 

battery storage of our modern society and are considered to be a valid technology 
during the next twenty years for plug-in hybrid applications and electric vehicles. 
One issue in conversion of chemical into electrical energy is that damages such 
as overcharging lead to fatal composition changes and leaks outside the battery. 
To respond to the massive societal increasing needs battery safety issues have to 
evolve to overcome these limitations.   

This study presents the development of a new sensor based on gold 
nanoparticles for detecting lithium during battery leakages. An experimental plan 
involving two factors, pH and gold concentration, was developed to achieve a 
dendritic shape of nanosensors; at this level, temperature and the time of 
electroplating were also optimized. The dendritic shape was further confirmed 
through SEM characterization. Finally, the sensor's ability to detect lithium 
hexafluorophosphate was investigated using both cyclic voltammetry and 
impedance spectroscopy techniques using various electrolytes commonly used in 
the batteries industry.   

Results showed that the sensor has successfully detected lithium in 
acetonitrile across a range of concentrations using cyclovoltammetry analysis, 
while impedance spectroscopy results indicated detection capabilities in methyl 
acetate up to a very low concentration.  

However, further research is needed to explore the sensor's potential for 
detecting lithium in gaseous states. 
 
Keywords: sensor, dendritic shape, cyclovoltammetry, impedance spectroscopy, Lithium. 
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Incorporating holograms or other light-diffracting surface relief patterns onto 
molded plastic components ensures product authentication. Developing mass 
replication techniques for plastic articles with surface microstructures via injection 
or blow molding using a unitary mold is crucial. These microstructures can be 
created by attaching metal film replicas of holograms to the model, by 
electrodeposition, or directly forming the hologram on the model's surface with 
photosensitive materials [1–3]. Our research involves producing diffractive 
elements from a unique graphic design to a final product with security elements, 
utilizing the full hologram production cycle: mathematical modeling, dot-matrix 
recording, silver vacuum evaporation, electrochemical nickel master deposition, 
and recombination. The configuration of diffraction structures and hologram 
properties were thoroughly studied to improve the replication of surface relief 
holograms on molded plastic parts, ensuring authenticity and meeting global 
production standards. 
 
Keywords: diffraction grating, authentication, hologram, replication. 
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Vertical-External-Cavity Surface-Emitting Lasers (VECSELs) are versatile 
semiconductor lasers that offer unique advantages in terms of tunability, efficiency, 
output power and can be applied in optical telecommunications, spectroscopy [1].  

This work presents detailed optical study of GaAsBi/GaAs multiple quantum 
well (MQW) structures, which represent optimized growing method for active area 
for VECSELs, where the pairs of QWs are placed periodically to match the 
antinodes of the optical standing wave in order to have thinner structures with 
higher homogeneity and enhanced PL intensities. 

In this work optical properties of GaAsBi structures were investigated using 
temperature dependent photoluminescence. The internal quantum efficiency 
(IQE) was evaluated by employing absolute IQE measurement with an integrating 
sphere [2], relative temperature dependent and excitation power dependent 
methods, also, additional non-radiative recombination mechanism – trap-assisted 
Auger recombination [3] was considered. All the emission efficiency estimation 
techniques were compared and the most reliable method has been selected.  

This quantitatively assessed emission efficiency allows to compare structures 
grown and characterized in different laboratories and evaluate the amount of non-
radiative recombination. 
 
Acknowledgements: Work was supported by Research Council of Lithuania, Grant. No.    
S-LLT-23-3 and Grant. No. S-PD-22-7.  
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GaAsBi has emerged as a material capable of covering most of the second 
near infrared (NIR-II) region, while also offering a variety of advantageous 
properties in rapid bandgap reduction (up to 90 meV/%Bi) [1], decreased non-
radiative losses [2], and a temperature insensitive emission wavelength. 

In the current work we focus on growing optimal GaAsBi quantum well 
structures using MBE and fabricating NIR emitters (light emitting diodes and laser 
diodes) oriented at biosensing applications. All devices have been grown on GaAs 
substrates buffered by AlAs sacrificial layer, that is necessary for substrate 
removal, which in turn allows for integration onto a silicon-based platform. Devices 
were fabricated on p- and n-doped GaAs substrates and by employing different 
designs of polarity; detailed protocols on technological procedures and growth 
challenges will be presented. Peak emission wavelength for the light emitting 
diode was registered at 1070 nm in room temperature. Furthermore, temperature 
dependent measurements showed a temperature insensitive operation. Two laser 
diode structures were grown and processed to measure their lasing spectra. Room 
temperature lasing was recorded at 1003 nm and 1142 nm. 

 

 
Fig. 1. Schematic of a FP edge emitting laser diode 

 
Acknowledgements: This work was supported by the Research Council of Lithuania under 
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The domain of purely organic emitters for light production in organic light-

emitting diodes (OLEDs) remains a research theme of continuing interest, 
attributable to the efficient harvesting of non-emissive triplet excitons [1–3]. Of 
particular interest are emitters exhibiting thermally activated delayed fluorescence 
(TADF) and room temperature phosphorescence (RTP) emission. TADF emitters 
feature efficient exciton up-conversion from the dark triplet states to radiative 
singlet states through reverse intersystem crossing mediated by small singlet-
triplet energy splitting [4–6]. In contrast, RTP emitters convert triplet excitons 
populated at triplet states through intersystem crossing to a long-lived radiative 
deactivation to the ground states mediated by efficient spin-orbit coupling [7]. 

Herein, a series of donor-acceptor-donor (D-A-D) type emitters were 
synthesized by coupling the dibenzo[a,c]imidazophenazine-based acceptor with 
various donors. Under certain conditions, compounds demonstrated either TADF, 
RTP or a combination of both emissions. Consequently, the compound containing 
phenothiazine moiety revealed surprisingly high photoluminescence quantum 
yield in vacuum, reaching 86% for the molecular dispersion in polymer matrix and 
79% for the solid film. Furthermore, the D-A-D type compounds showed both hole 
and electron mobilities, exceeding 10-3 cm2/Vs at high electric fields. The obtained 
results show that the synthesized dibenzo[a,c]imidazophenazine-based 
compounds are especially promising for the development of efficient OLEDs.  
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Tungsten ditelluride (WTe2) possesses a variety of unconventional electronic 
properties, such as the type-II Weyl semimetal phase in bulk, 2D topological 
insulator, and tunable superconducting state in monolayer materials. For studies 
of WTe2 aimed for future applications in electronic devices that take advantage of 
these exotic properties, the development of scalable growth methods on insulating 
substrates is crucial. So far, chemical vapor deposition (CVD) is one of the main 
methods for producing 2D WTe2 structures. However, charge transport 
characteristics, such as mobility and carrier density, strongly depend on the growth 
conditions and additives used to reduce the tungsten precursor's melting point. To 
investigate the impact of growth parameters on charge transport characteristics, 
and ultimately produce 2D materials of comparable quality to those from exfoliated 
flakes, extensive charge transport characterization directly on the growth 
substrate, eliminating the extra step of structure transfer, would be needed. So far, 
the majority of the reported data presents magnetotransport studies on exfoliated 
flakes, but data available on transport in CVD-grown WTe2 materials directly on 
the growth substrate is very limited. 

In this study, we have investigated magnetotransport in CVD-grown 2D WTe2 
crystals directly on the growth substrate. The substrates used were Si/SiO2, 
Si/SiO2 with exfoliated h-BN flakes, and Si/SiO2 with monolayer h-BN. The 
fabricated 2D WTe2 on these substrates was then implemented into Hall bar 
devices using electron beam lithography followed by contact metallization. 
Magnetotransport measurements were conducted in PPMS-Dynacool9T cryostat. 
The obtained magnetotransport data for 2D WTe2 grown on various substrates 
have been correlated with the CVD growth parameters. 
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It is still of high importance to find stable deep-blue emitters for commercial 

organic light-emitting diodes (OLEDs) used in future solid-state lighting and full-
color displays. A huge number of phosphorescent or thermally activated delayed 
fluorescent (TADF) materials have been published up till today [1], but because of 
long-lived triplet excitons especially within the blue phosphorescent or TADF 
OLEDs and as a result, formed high energy excited states chemical decomposition 
of the chemical structure of emitter can be resulted and followed by the drastic 
decrease of device lifetime. To minimize the mentioned risk triplet–triplet 
annihilation (TTA) emitters which drive the fusion of low triplet energy excitons to 
produce high energy singlet excitons followed by generation of visual light photons 
can be employed in the device structure. TTA phenomenon allows to overcome 
maximum internal quantum efficiency limit of conventional fluorescence materials 
as in the case of TADF and phosphorescence materials [2]. Therefore, in the 
search of new stable TTA emitters, we developed novel compounds using 
anthracene and various alkoxy-carbazole derivatives which possess blue and 
green emission (470–533 nm) and photoluminescence quantum yield up to 85% 
in solutions and up to 29% in films. The main synthesis routes of new emitters and 
a comparison of their photophysical, thermal, and electrochemical characteristics 
together with theoretical chemistry support will be shown in the presentation. 
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Many high-tech applications require red and infrared light-emitting sources, 
including telecommunication, healthcare health monitoring, military equipment, 
medicine, sensing, optogenetics, etc. [1]. For instance, red and infrared light-
emitting sources with emission wavelengths higher than 650 nm can solve 
problems caused by optical absorption, light scattering, and autofluorescence 
during the fluorescent probing of biological objects. Compared to inorganic 
counterparts, red organic light-emitting diodes (OLEDs) are preferable for 
healthcare applications due to their potential biocompatibility, flexibility, low-
temperature processability and environmental friendliness. However, the eternal 
quantum efficiencies (EQEs) of red and infrared OLEDs are lower than those of 
OLEDs with blue or green electroluminescence [2]. The main reason is explained 
by the energy gap law. Thus, the red organic emitters with a narrow band gap 
(smaller than 1.9 eV) are characterised by the increased probability of non-
radiative relaxation of excited states as the energy gap decreases [3]. This 
problem could be potentially resolved either by improving the design of red 
emitters or constructing new device structures for red OLEDs. 

We have developed a narrow-band organic semiconductor that includes 
phenazine and diphenylamine moieties. In doping-free OLEDs, this compound 
demonstrated stable red electroluminescence at 609 nm across various electric 
fields. Using polaronic light-emitting layers, which are double layers-based 
heterostructures containing wide-band (diphenyl[4-
(triphenylsilyl)phenyl]phosphine oxide) and narrow-band (the developed red 
emitter) organic semiconductors, this compound showed by relatively 63% higher 
EQE than that of doping-free OLEDs. The quantum well approach allowed the 
enhancement of efficiencies of red OLEDs based on the derivative of phenazine 
and diphenylamine.  
 
Acknowledgements: This project has received funding from the Research Council of 
Lithuania (LMTLT), project QUANT, agreement no S-LU-24-8. 

Keywords: red electroluminescence, phenazine, diphenylamine, quantum well. 

References: 
1. M. Vasilopoulou et al. Nature Photonics 15 p. 656–669 (2021) 
2. Z. Zhao et al. Luminescence 39 p. e4657 p. 1–11 (2024) 
3. Y.-C. Wei et al. Nature Photonics 14 p. 570–577 (2020)  



62 

P29. Novel Host Materials for Stable Blue Thermally Activated 
Delayed Fluorescence OLEDs 

 
Domantas Berenis1, Rita Butkutė2, Gediminas Kreiza1, Giedrius Puidokas1, 

Vaida Jašinskaitė-Koženiauskienė2, Karolis Kazlauskas1 
 
1Institute of Photonics and Nanotechnology, Vilnius University, Saulėtekio Ave. 3, 

LT-10257 Vilnius, Lithuania 
2Department of Polymer Chemistry and Technology, Kaunas University of 

Technology, Radvilėnų Rd. 19, LT-50254 Kaunas, Lithuania 
domantas.berenis@ff.stud.vu.lt 

 
Organic light-emitting diodes (OLEDs) have attracted significant attention for 

their ease of fabrication, and high energy efficiency. In recent years, thermally 
activated delayed fluorescence (TADF) materials have emerged as a promising 
alternative to currently utilized phosphorescent emitters, achieving 100% internal 
quantum efficiency without the need for heavy metals [1]. However, developing 
stable and efficient blue OLEDs presents challenges due to the more energetic 
nature of the blue light which increases the probability of device degradation 
through bimolecular processes. Host materials play a vital role in optimizing device 
performance by facilitating efficient energy transfer and suppressing detrimental 
intermolecular interactions. Therefore, engineering a proper host material for the 
emissive layer of blue OLEDs is crucial. 

In this work, we investigate 4 novel OLED host materials (fig. 1). Materials 
contain tert-butyl and CN substituents that aid in inhibiting intermolecular 
interactions and enhancing electron transfer character, respectively. Additionally, 
RB134, RB135 contain carbazole electron donor units connected to the main 
molecule core by the CC bond rather than the weaker C-N bond.  

Photophysical, electrochemical studies of novel hots as well as performance 
of blue OLED devices are presented. Novel hosts exhibit significantly high singlet 
and triplet excited state energies as well as nanosecond photoluminescence 
decay times, enabling their successful utilization in OLED fabrication. 

 

 
Fig. 1. Molecular structures of studied host materials 
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This work presents synthesis of phenoxazine, and phenothiazine substituted 

with phenylethylene using mono-step Buchwald‐Hartwig approach for the sake of 
highly efficient organic light emitting diodes (OLEDs) with blue emission. 
Absorption of solution of compounds is ca. 310 nm and emission ca. 500 nm which 
gives cyan blue emission. The dispersion of these compounds in water-THF mixes 
shows a notable increase in aggregation-induced enhanced emission (AIEE) with 
increasing water fraction. The photoluminescence quantum yields of the 
compounds dissolved in toluene range from 3% to 26%, whereas in solid films, 
they elevate significantly, ranging from 5.25% to 53%. This notable shift is 
unequivocally linked to the phenomenon of AIEE. We employed density functional 
theory computational analysis to ascertain critical parameters including optimized 
molecular geometries, frontier molecular orbitals, intramolecular charge transfer, 
excitation energies, and corresponding wavelengths. Internal reorganization 
energy for compounds is calculated using Marcu’s theory which demonstrates 
significant propensity for hole mobility. Thermal analysis revealed the compounds 
have high melting and decomposition temperature. Based on cyclic voltammetry, 
the compounds' estimated ionization potentials and electron affinities are 5.13–
5.31 eV and 2.08–2.24 eV, respectively. OLEDs incorporating the synthesized 
compound as the primary emitter exhibit a distinctive bluish-cyan emission, 
characterized by an electroluminescence intensity peaking at approximately 500 
nm. These devices showcase remarkable luminance exceeding 1000 cd/m², 
coupled with external quantum efficiencies spanning from 2.5% to 6%, marking a 
significant stride forward in OLED technology. 

 
Keywords: organic light emitting diode, aggregation induced enhance emission, 
phenoxazine, phenothiazine, density functional theory, reorganization energy. 
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We investigate coherent optical phenomena exhibited by a hybrid quantum 
plasmonic system composed of four energy levels, featuring two closely spaced 
uppermost energy levels interacting with a weak probe field and a strong control 
field (Fig. 1(a)). The lower leg of the system engages with the free-space vacuum, 
while the upper leg responds to interactions with surface plasmons (fig. 1(b,c)). 
We reveal a significant transformation in the absorption and dispersion 
characteristics of this quantum system, influenced by the interplay between 
quantum interference resulting from the presence of plasmonic nanostructures [1] 
and the effects of incoherent pumping. In the absence of an incoherent pump field 
we observe the emergence of multiple distinct absorption profiles, each containing 
optical transparency windows nestled amidst absorption spectral peaks. 
Introduction of an incoherent pump field leads to two well-defined symmetrical gain 
dips, each separated by a frequency corresponding to the dressed eigenstates of 
the system. This unique gain behaviour persists whether or not population 
inversion occurs. We also show that these effects can be complemented with the 
existence of fast or slow light, expanding the range of optical phenomena that can 
be harnessed within this quantum system [2]. 

 

 
Fig. 1. (a) The level structure of a quantum emitter (QE) in Ξ configuration. A metal-coated 

dielectric nanosphere (b) and a 2D array of such spheres (c) 

 
Keywords: hybrid quantum-plasmonic systems, transparency window, gain. 
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Ligands with chelating properties, such as Schiff bases, imines, and Salan-

type ligands, are promising materials for photochemical sensors of metal ions, 
which require good sensitivity and selectivity. The ability of such ligands to host 
metal ions in their molecular structure and specific optical properties, such as high 
intensity photoluminescence, create new opportunities to define metal ion 
concentration in aqueous media by optical methods with fairly high accuracy. In 
addition, the structure of the ligand could be chemically tuned according to the 
requirements of the sensor [1]. 

In this work, the sensitivity and selectivity of modified Salan-type ligands were 
investigated by photoluminescence (PL) and transmittance (TM) methods. 

 

     
Fig.1 Chemical structure of investigated ligands 

 

Salan ligands were synthesized in salt form to make them soluble in water 
and alcohols. For sensor testing, the ligands and metal salts were dissolved in 
ethanol at a concentration of 100 mM/L. 

Sensor testing was performed in a home-built system with a quartz cuvette 
equipped with a magnetic stirrer, Fiber optic spectrometer, system of lenses and 
filters, Fiber optic cables, and a portable 325 nm UV light source with detector. 
During the measurement steady-state PL and TM spectra were saved after each 
metal ion probe. The kinetics of local PL and TM peaks were recorded. The 
sensitivity to Cu2+ and Fe3+ ions in sub micromolar range was observed. Complex 
formation of ligand with Cu and Fe was proofed by FTIR. Mechanisms of 
interaction were proposed, main sensors parameters were calculated.   

 

Keywords: photochemical sensors, metal ions detection, chelators. 
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Electron-deficient acridones and in situ generated acridinium salts are 
reported as potent, closed-shell photooxidants that undergo surprising 
mechanisms. When bridging acyclic triarylamine catalysts with a carbonyl group 
(acridones), this completely diverts their behavior away from open-shell, radical 
cationic, ‘beyond diffusion’ photocatalysis to closed-shell, neutral, diffusion-
controlled photocatalysis. Bronsted acid activation of acridones dramatically 
increases excited state oxidation power (by +0.8 V). Upon reduction of protonated 
acridones, they transform to electron-deficient acridinium salts as even more 
potent photooxidants (*E1/2 = +2.56–3.05 V vs SCE). These oxidize even electron 
deficient arenes where conventional acridinium salt photooxidants have thusfar 
been limited to electron-rich arenes. Surprisingly, upon photoexcitation these 
electron-deficient acridinium salts appear to undergo two electron reductive 
quenching to form acridinide anions, spectroscopically-detected as their 
protonated forms. This new behaviour is partly enabled by a catalyst preassembly 
with the arene, and contrasts to conventional SET reductive quenching of 
acridinium salts. Critically, this study illustrates how redox active chromophoric 
molecules initially considered photocatalysts can transform during the reaction to 
catalytically active species with completely different redox and spectroscopic 
properties [1]. 

Fig. 1. Acridone and acridinium salt closed-shell super photo-oxidants 
 
Keywords: electrophotocatalysis, e-PRC, photoredox, catalysis, chromophore, 
photooxidant. 
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Triplet-triplet annihilation mediated photon upconversion (TTA-UC) is a 

process that increases the energy of incoherent light using triplet-sensitized 
organic molecules, called the annihilator. Potential applications of TTA-UC span 
across various fields, including targeted drug delivery, photocatalysis, and 
photovoltaics [1]. In solar cells, the UC process could serve as a tool to overcome 
the Shockley-Queisser limit by harvesting sub-bandgap photons. However, there 
are numerous factors limiting the UC quantum yield (𝜙𝑈𝐶), such as annihilator 
aggregation and low probability of singlet state generation through TTA. Therefore, 
it is essential to search for novel annihilators that could overcome these obstacles. 

In this work two novel anthracene derivatives (Anc-mono and Anc-hex) were 
paired with porphyrin-based PdTPBP and PtTPBP triplet sensitizers (see fig. 1). 
Anc-mono and Anc-hex annihilators have similar fluorescence quantum yields of 
95.5% and 84.0% respectively. However, concentration screening of all four 
sensitizer:annihilator UC solutions show that PtTPBP:Anc-mono UC system has 

the highest ϕ𝑈𝐶 , which is close to 20%, whereas UC solutions with Anc-hex display 
10-fold lower ϕ𝑈𝐶  values. Various spectroscopy measurements were performed 
to provide a fundamental explanation for this tendency and other results. 

  
 
 
 
 
 
 
 

 
 

Fig. 1. Chemical structures of molecules: a) Anc-mono b) Anc-hex c) PdTPBP d) PtTPBP 
 

Keywords: photon upconversion (UC), triplet-triplet annihilation (TTA), organic light 
emitters. 
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The purine heterocyclic system plays a crucial role in biological and medicinal 

chemistry due to its involvement in genetic information transcription and 
translation. Despite extensive efforts to enhance purine functionalities, there is a 
need for novel, biocompatible materials derived from the purine core. These 
materials show potential as chemical sensors, fluorescence imaging agents, 
photocatalysts, and photodynamic therapy (PDT) sensitizers activated by light, 
including solar illumination. 

The purine core is advantageous for chemical modification because of well-
established synthetic methods and its structure, featuring five attachment points 
for substitutions. Electron-donating groups can be added at the C2, C6, or C8 
positions. Expanding the functionality of purine derivatives can be achieved 
through long-lived excited triplet or radical states, and by shifting steady-state 
absorption towards the visible or near-infrared range. These modified purine 
derivatives have proven effective as emitters in OLEDs, pH sensors, and imaging 
tools for cell compartments [1]. Recently, purines have also been reported as 
effective metal ion sensors, particularly derivatives with an external C8-complexing 
arm working with the purine N7. However, examples leveraging both the C6-
substituent and the purine N7 are limited. 

This study presents a detailed photophysical analysis of purine-based 
derivatives' complexation processes in polar solvents and aqueous media for 
chemical sensors. Various characterization techniques, including steady-state 
absorption, fluorescence, and time-resolved fluorescence spectroscopy, were 
employed. Several sensor prototypes were demonstrated for detecting metal ions 
such as alkali, alkaline earth, heavy, and transition metals, applicable in industry 
(using acetonitrile) and biology/environment (using water). The synthesized 
compounds detected traces of transition and heavy metal ions at ppb levels. New 
water-soluble compounds ZiK-740 and ZiK-772 exhibited high sensitivity to 
mercury (II) ions in water. 
 
Keywords: purine, metal ion sensor, fluorescence sensor. 
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Silver nanoparticles, within the size range from 10 to 40 nm exhibit ideal 

photothermal characteristics [1]. These nanoparticles can absorb light and convert 
that into heat. When incorporated into a polymer matrix, they can significantly 
improve the polymer’s shape-memory characteristics. Typically, a polymer must 
be heated above its glass transition temperature to return to its original shape. 
However, the integration of silver nanoparticles enables this transformation 
through light exposure alone, eliminating the need for conventional heating 
methods. This advancement holds promising implications for medical applications, 
particularly in the treatment of vascular diseases, where localized and controlled 
heating can induce shape recovery without invasive procedures [2]. 

This research investigates the temperature dependence of silver (Ag) 
nanoparticles synthesized using polyvinylpyrrolidone (PVP) of varying molar 
masses. The nanoparticles were prepared via a microwave-assisted polyol 
method, and their morphology was characterized through scanning electron 
microscopy (SEM). 
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D-ᴨ-A based solid state emitters are promising candidates for OLEDs, 
fluorescence imaging devices, solid-state lasers, chemical sensors etc., owing to 
their ease of fabrication and tunable structures [1]. Non-linear optical (NLO) activity 
is also considered as a fundamental property to check device performance [2]. 
The rising demand of single layer devices over multilayer devices make it essential 
to design and synthesize emissive materials capable of transporting both holes 
and electrons [3]. Furthermore, charge transport properties and optical properties 
(linear and non-linear) of semiconducting devices are greatly influenced by nature 
of donor, π-bridge and acceptor fragments [2,3]. In a recent report, NLO 
susceptibility of (E)-2-(3-(4-bromostyryl)-5,5-dimethylcyclohex-2-en-1-
ylidene)malononitrile was reported to be higher than that of the previously reported 
compounds [4]. With the aim to develop novel bipolar semiconducting materials, a 
series of new D–A materials were designed and synthesized by selecting (E)-2-
(3-styryl-5,5-dimethylcyclohex-2-en-1-ylidene)malononitrile as an acceptor  and 
carbazole, thianthrene, phenoxathiine or fluorene fragments as  a   donor fragment 
coupled via  ᴨ bridge. In order to establish the structure-property relationship, we 
systematically studied their photophysical, thermal, and electroluminescent 
properties. Thus, the newly synthesized D-A materials could be suitable for 
photonic and optical devices particularly for organic photodetectors. 
 

Keywords: D-ᴨ-A, solid-state emitters, OLEDs, carbazole, fluorene, dithianthrene, 
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There is a great interest in heterostructure photocatalysts comprised of 
semiconductors, coupled with Au nanoparticles due to their importance in the 
efficient water-splitting processes under solar illumination. The use of 
computational techniques, such as the transfer matrix method and experimental 
methods, such as spectroscopic ellipsometry and transient absorption 
spectroscopy, allows spectral response characterization of such heterostructures 
[1–3]. This work investigates the effective medium morphology of Au/TiO2 
heterostructures and its influence on the spectral extinction, optical constants and 
electron-phonon interactions of the aforementioned material assemblies. 

 

Fig. 1. Conceptual illustration of the Au/TiO2 heterojunction spatial arrangement 
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Electroluminescent materials play a critical role in the development of 

advanced optoelectronic devices. Among these materials, ZnS:Cu is a well-known 
phosphor with potential applications in flexible displays and lighting systems. The 
study investigates ZnS:Cu embedded in polyurethane thick films deposited by 
tape-casting method on Fluorine Tin Oxide (FTO)-coated glass substrate with a 
colloidal graphene top electrode. When applying alternating current (AC), 
electroluminescence was observed. The influence of film thickness, 
ZnS:Cu/polyurethane concentration, applied AC voltage and frequency on 
electroluminescent performance was explored. Our findings indicate that 
optimizing these parameters can significantly enhance the performance of AC 
powder electroluminescence (ACPEL) devices. 

The work contributes to the design of flexible, efficient electroluminescent 
materials, paving the way for their practical implementation in next-generation 
optoelectronic applications. 
 
Keywords: electroluminescence, ACPEL, ZnS:Cu. 
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Photon upconversion (UC) can be achieved through triplet fusion when two 
lower energy triplet excitons are combined to create one, larger energy singlet 
exciton. This phenomena has potential in increasing solar cell efficiency, targeting 
drug delivery in vivo and many other applications [1]. UC system consists of two 
molecules:  sensitizer, which absorbs lower energy light and converts the formed 
singlet to a triplet state, and an annihilator, which fuses triplet excitons into a 
emissive singlets. UC is a multi-step process where triplet fusion yield is 
considered the limiting one. Statistical factor describes annihilator’s efficiency of 
triplet fusion into singlet states. Recently it was reported that Perylene has a 
statistical factor of 17.9% [2], which, in this work, was improved more than 2-fold 
by the addition of TIPS moieties (fig. 1). 

 
Fig. 1. Perylene and TIPS functionalized counterpart 

 
A comprehensive photophysical analysis of the UC system with TIPS-

functionalized perylene demonstrated increased statistical factor up to 41.1%. This 
was attributed to a change in spin direction at the triple bond suggesting the 
presence of a singlet-like character for triplet species, leading to enhanced 
coupling between triplet-triplet pair with the first singlet state. Higher statistical 
factor allowed to achieve UC quantum yield of 13.7% which is a record high value 
in the emission range of 470–540 nm. 
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Quinoxaline-derived compounds are among the mostly used emitters in 

fabrication of efficient yellow, orange and red organic light-emitting diodes 
(OLEDs) since they are characterized by inherently low optical band gap as well 
as high thermal and electrochemical stability [1,2]. In the context of structural 
design, the D-A-D architecture, where electron donors are situated in ortho-
position to quinoxaline acceptor, is beneficial as it imposes highly twisted 
molecular conformation that restricts rotational freedom of donor fragments and 
results in higher photoluminescence quantum yield (PLQY) of the compounds. To 
address the usually low charge carrier mobilities of highly twisted donor-acceptor-
type compounds that exhibit thermally activated delayed fluorescence (TADF), we 
designed a rod-like acceptor known as benzodioxinoquinoxaline. This acceptor 
and two derivatives were synthesized via microwave Buchwald-Hartwig cross-
coupling reactions with yields of up to 91%, using acridine or phenoxazine. The 
compounds exhibited three different types of photoluminescence, that is well 
supported by quantum chemical calculations. Benzodioxinoquinoxaline showed 
blue fluorescence, with a very short lifetime of 0.64 nanoseconds. Others exhibited 
either green solid-state-enhanced TADF (SSE-TADF) or room temperature 
phosphorescence (RTP) with lifetimes of approximately 6–7 milliseconds. In a 
polymeric host, the samples achieved photoluminescence quantum yield of close 
to 30%. The derivatives containing acridine or phenoxazine exhibited bipolar 
charge transport. At an electric field of 5.8×105 V/cm, hole and electron mobilities 
respectively reached 3.2·10-4 and 1.5·10-4 cm2V-1s-1 for the phenoxazine-based 
compound. Among the studied SSE-TADF organic light-emitting diodes, this 
compound demonstrated the highest external quantum efficiency of 12.3% due to 
its good charge-transporting and SSE-TADF parameters.  
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The capacity of photovoltaic (PV) installations annually increases and end-
of-life PV panels waste by 2050 could reach 60–78 Mt [1]. While materials like 
glass, silicon, and metals (Ag, Pb, Cu, Sn) commonly found in PV panels are 
recyclable [2], the usual encapsulant material, ethylene vinyl acetate (EVA), 
presents recycling challenges. To overcome this, polyvinyl butyral (PVB) emerges 
as a viable alternative due to its recyclability. 

The investigation aimed to validate the feasibility of using primary and 
recycled PVB film with standard PV module production equipment. 

Commercial EVA and PVB, as well as recycled PVB obtained from 
automotive glass waste via a specialized mechanochemical process developed by 
Lurederra Technological Centre, was utilized in this study. Glass samples (10x10 
cm) were laminated with both commercial and recycled encapsulants, in a flat-bed 
laminator, with some samples also employing butyl edge sealant for edge 
isolation. Subsequently, samples were exposed to a damp heat test (IEC 61215) 
in a climatic chamber. 

The lamination process resulted in successful samples without defects such 
as bubbles or delaminations. After 250 hours in the climatic chamber, no 
discernible changes were observed. However, after 500 hours, samples absent of 
edge sealant exhibited fogging, particularly around the edges, indicative of 
moisture penetration. The changes in adhesion between layers was also 
evaluated before and after damp heat tests. 

Comparative analysis revealed minor differences in average transmittance 
among the laminated samples: for commercial PVB and EVA it was respectively 
70.24% and 68.71%, and for recycled PVB it was 68.37%. 
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Spin statistics dictate that upon electronic excitation, singlet and triplet 
excitons are generated in a 1:3 ratio. However, only singlet excitons contribute to 
photon emission, utilizing 25% of the exciton generation factor, resulting in an 
external quantum efficiency (EQE) of 5–7.5% in devices [1,2]. The efficiency and 
stability of organic light-emitting diodes (OLEDs) rely on factors like 
photoluminescence quantum yield (PLQY) and charge transportation and 
recombination. Twisted organic compounds play a significant role in the 
development of solid-state fluorescent materials and have gained substantial 
attention owing to their potential applications in optoelectronic devices [3]. 

A series of metal-free twisted organic compounds integrating phenothiazine 
and phenothiazine sulfone moieties were designed, synthesized, and 
characterized to ascertain their viability as blue/green emitters as well as hole 
transporting layers (HTLs) within OLEDs. The study delved into discerning the 
impact on the efficiencies of the devices based on the presence and absence of 
donor moiety. The photophysical studies unveiled that all the compounds exhibit 
fluorescence, PLQYs of up to 39.64%, good thermal stability and hight hole 
transporting capabilities (1.56 × 10-4 cm2/Vs and 1.27 × 10-4 cm2/Vs at 5× 105 V/cm 
electric field), thus rendering them suitable for OLED applications. The compounds 
were implemented as emissive layers within doping-free fluorescent devices, and 
as HTLs in multiple-resonance thermally activated OLEDs, achieving an EQE of 
4.33%, 7.45% and turn on voltage of 3.60V, 4.60V, respectively. 
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As next-generation materials for optoelectronic devices, organic luminescent 
materials with triplet exciton harvesting capabilities are beneficial [1]. Because of 
their inexpensive cost, flexible and environmentally friendly synthesis, superior 
stability, and room temperature phosphorescence (RTP) or thermally activated 
delayed fluorescence (TADF) properties, organic luminophores are an attractive 
alternative to organic metal complexes [2].  

In this work, a series of quinoxaline-based compounds as building blocks for 
the development of red TADF or RTP materials were synthesized. The quinoxaline 
moiety's prolonged conjugation length and electron acceptor properties allow 
diphenyl- and a-based compounds have RTP characteristics, according to 
photophysical examination. Compared to quinoxaline derivatives without bromine, 
quinoxaline compounds containing a bromine moiety exhibited more effective 
RTP. Because of the heavy atom effect, the addition of bromine atoms improved 
the RTP characteristics [2]. Phenothiazine-containing compounds showed red 
TADF with short emission lifetimes. 

Keywords: room temperature phosphorescence, quinoxaline, brominated compounds, 
phenothiazine. 
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Terahertz (THz) frequencies refer to the region between the millimeter wave 
and infrared bands in the electromagnetic (EM) spectrum, typically between 0.1 to 
10 THz [1]. Many potential applications have been identified which include 
imaging, defence, security, biology and medicine. Among various techniques for 
THz generation, photoconductive antennas (PCAs) have been extensively utilized 
to generate pulsed terahertz radiation. In recent studies, plasmonic nanostructures 
have been utilized to increase the THZ PCA efficiency. The plasmonic 
nanostructures interact with the input laser light and enhance optical absorption in 
the active photoconductive region resulting in higher free carrier concentration and 
carrier gradients. 

In our research, we have used Finite-Difference Time-Domain (FDTD) 
modeling. Our structure consists of a semiconductor crystal. On top of this crystal 
a fabricated gold nanostructure interacting with a laser pulse would induce the 
surface plasmons. The plasmons would be absorbed by the semiconductor in a 
significantly smaller volume than that dictated by the absorption depth. The 
generated gradient of photoexcited charge carriers would induce ultrafast 
photocurrents, which in turn would emit a THz pulse. The optimized dimensions of 
gold grating found 320 nm width and 120 nm height. The schematic of our structure 
and absorption gradient induced by SPPs have been shown in fig.1. Our 
simulations show that the absorption rate is about 33 percent without plasmonic 
grating, while adding a plasmonic grating will result in 45 percent absorption and 
this will finally lead to a higher and sharper THz pulse radiation. 

 

   
Fig. 1. Absorption in 500nm GaAs at wavelength = 780 nm 

 
Keywords: Terahertz (THz) emission, Photoconductive antennas (PCAs), Plasmonic 
nanostructures, Finite-Difference Time-Domain (FDTD) simulation. 
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        We investigated the performance of Electromagnetically Induced Grating [1] 

in a four-level atomic system near a plasmonic nanostructure. The plasmonic 

nanostructure consists of metal-coated dielectric nano-spheres in a periodic 2D 

arrangement. The double V-type quantum system is coupled by a weak probe 

laser, a spatially-dependent standing wave, as well as an optical vortex field. 

       Numerical simulations [2] show that by varying the distance between the 

plasmonic nanostructure and the quantum system, the amplitude and phase 

modulations of the transmission function can be modified when the winding 

number of the vortex light is also altered. When the quantum system is placed 

close to the plasmonic nanostructure, by adjusting the winding number of the 

vortex light most of the probe field energy is transferred to the high order, while at 

larger distances most of this energy is converging in the zero order.  

        Our work demonstrates a simple scheme for double control over the 

diffraction efficiency of the 2D grating by using both the winding number of the 

vortex field and the distance between the plasmonic nanostructure and the 

quantum system as control knobs. The proposed scheme is advantageous by 

providing easily achievable manipulation of the grating performance, while it can 

be realized in typical quantum optics experimental settings, involving hyperfine 

sublevels of D-lines in alkali-metal atoms.  

Keywords: quantum interference, electromagnetically induced grating, plasmonic 
nanostructure, optical vortex. 
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Rapid characterization of colloidal metal nanoparticles (NPs) is of increasing 

interest for both research and the industry. While direct imaging techniques such 
as electron microscopy are reliable, they are also expensive, slow and inefficient. 
On the other hand, an indirect optical tool such as UV-Vis spectroscopy in 
combination with spectra interpretation related to Mie scattering theory is fast, 
widely accessible and inexpensive. We present a tandem deep neural network 
(DNN) for size distribution and concentration prediction of spherical silver (Ag) 
colloidal nanoparticles synthesized using the seeded growth method. During 
testing, the tandem DNN provided accurate predictions of NP size distribution 
characteristics up to 150 nm in radius, with the root mean square percentage error 
of mean size down to 1.2% [1].  

 

 
Fig. 1. Example of DNN performance for prediction of size distribution of spherical Ag NPs 

 
Keywords: nanoparticles, plasmonics, silver, size distribution, deep neural networks, 
effective medium theory, Mie theory. 
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This research examines the preparation of mullite based ceramics using 

amorphous silica recycled from rice husk ash (RHA) as alternative source of silica 
by microwave sintering. The aim is to reduce environmental pollution and convert 
waste to wealth for industrial application. The recycled waste was characterized to 
determine Phases, morphology and elemental composition present using, XRD, 
X-ray fluorescence (XRF) and scanning electron microscope (SEM). The mullite 
based ceramics were produced by varying percentage composition of the 
materials and sintering at 1200°C for 3 hours. The developed samples were 
characterize using XRD,SEM, FTIR, hardness and compression test while 
physical test like porosity and bulk density were also conducted. The XRF result 
of amorphous silica from RHA shows 91.325% of SiO2 while Al2O3, CaO, K20 has 
2.447%, 1.845% and 1.547% respectively. The XRD results of developed samples 
shows increase in mullite phases as percentage composition of amorphous silica 
increased while FTIR results reveals enhanced bond formation that denotes 
cohesion of amorphous silica with other constituent materials. The porosity and 
density test shows that % porosity of samples reduces with increase in amorphous 
silica while the entire sample shows a reduction in porosity level when compared 
to the control sample. The samples also showed lower density than the control 
samples with the highest density value. The SEM images also revealed a uniform 
particle distribution of materials with the microstructure. 

 
Keywords: rice husk ash, mullite phase, microwave sintering, amorphous silica, ceramics. 
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This research examines the bioactivity of bioceramics material developed 

using waste glass doped with zinc oxide particles. Waste glass is an industrial and 
non biodegradable material rich in silica, calcium and oxygen. They constitute 
environmental menace when sent to landfill however when recycled they can 
serve as bioactive materials for biomedical application. The bioceramic materials 
were synthesized via solid state reaction at a temperature of 1100oC with primary 
phases consisting of combeite and wollastonite as observed after the initial XRD 
and SEM/EDX analysis after sintering. The samples were prepared using different 
weight fraction of waste glass and ZnO particles added in percentage ratios of 
0:1:2:3 and 4. The samples for in-vitro bioactivity analysis were prepared by 
soaking the developed samples in a simulated body fluids solution at temperature 
of 36.5°C for one to seven days before characterization using XRD, SEM/EDX and 
FTIR analysis. The XRD results shows increasing peaks of hydroxylapatite phase 
as soaking time increased while the SEM/EDX result indicated a dispersed 
agglomeration of hydroxylapatite phase on the developed sample surface. The 
FTIR also showed an increased peak of phosphate ions as apatite layers formed 
on developed samples. The hardness and compression value showed that 
samples B and C having 5% and 10% ZnO particles had the best results as 
compared to the control sample. In the overall five samples of different 
compositions were examined during the test analysis.  
 
Keywords:  combeite, wollastonite, quartz, bioceramics, hydroxylapatite. 
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The investigation of the improved mullite ceramics properties is actual in our 

days [1–3]. The porous mullite ceramics modification with magnesia-stabilized 
zirconia (2.8 mol% MgO) and yttria-stabilized zirconia (8 mol% Y2O3), separately, 
and in a mixture with WO3, in 1:1 and 1:2 ratios was analysed. Commercially 
available α-Al2O3 and γ-Al2O3, amorphous SiO2 and kaolin were used as raw 
materials. The porous mullite ceramics were formed by a slip casting of the raw 
materials slurry. The addition of an Al paste suspension to the slurry used for the 
pore formation due to the reaction of Al with water and as result due to the H2 
evolution. The dried samples were sintered at 1600°C with the holding time of 1 h. 

The zircon and Al2(WO4)3 were detected in several samples compositions 
after XRD results. The microstructure, porosity and pore size distribution as well 
as thermal properties such as specific heat capacity, thermal conductivity, thermal 
diffusivity, linear thermal expansion, thermal shock resistance were investigated.  

It was stated that the modification of the porous ceramics with mixture of WO3 
and ZrO2 increases the porosity of samples about 1.5–2 times in comparison with 
modification separately with WO3 and ZrO2. Thus, the high porosity of modified 
ceramic is about 63–73±2%. The sintered ceramics with a MSZ:WO3 mixture in a 
1:1 ratio with a highest porosity of 73% have the lowest thermal conductivity, lower 
thermal diffusivity and relatively low specific heat capacity. In turn the mullite 
ceramics modified with a mixture of MSZ:WO3 in a 1:2 ratio together with the 
thermal insulating ability show the best thermal shock resistance during 10 cycles 
of thermal shock of the scheme 20°C → 1000°C → 20°C with an exposure for 1 h 
at 1000°C. 
 
Keywords: mullite ceramics, porous ceramics, WO3, ZrO2, thermal properties. 
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Calcium phosphates with a molar C/P ratio of 1.61–1.71 naturally occur in 
human bone, making hydroxyapatite and fluorapatite (Ca/P – 1.67) highly valuable 
in medical application [1,2]. Synthetic calcium phosphates are biocompatible and 
widely used in tissue and bone engineering, toothpaste production, implants, and 
pharmaceuticals. It should be noted that pure hydroxyapatite does not have good 
antimicrobial properties. In order to improve these characteristics and ensure 
sterility, calcium phosphate compounds are often modified with various 

bacteriostatic ions, such as Zn2+ ions [3,4]. The aim of this work was to determine 
the influence of zinc ions on the crystallization of calcium phosphates under 
hydrothermal conditions. 

In the preparation of the initial mixtures, 4 g of calcium carbonate and 0,29 g 
(1 mol) Zn(NO3)2∙6H2O was weighed and transferred into 45 ml PTFE vessels, 
then mixed with 40 ml of phosphoric acid and distilled water solution. The ratio of 
calcium and phosphorus was maintained at 1.67. The synthesis was carried out 
without stirring the suspension in the "Parr instruments" autoclave, at saturated 
water vapor temperature of 140°C. The isothermal curing durations ware 0 h, 
2 h, and 8 h, while the target temperature was reached within 2 h. 

At the beginning of synthesis, in the pure CaCO3-H3PO4-H2O system, 
intensive interaction between the raw materials proceeded, leading to the 
formation of monetite and hydroxyapatite. Extending the synthesis duration 
negatively affected the stability of monetite because the intensity of the main 
diffraction peak (d – 0.336 nm) decreased by 2.5 times after 2 h of synthesis and 
3.6 times after 8 h of synthesis. The decrease in the intensity of the diffraction 
peaks characteristic of monetite is related to its recrystallization into 
hydroxyapatite. When zinc nitrate was added into initial suspension, Zn2+ ions was 
observed to intercalate into the structure of the synthesis products and/or form 
new compounds. These findings were confirmed by X-ray diffraction (XRD), 
simultaneous thermal analysis (STA),  and  Fourier-transform 
infrared spectroscopy (FT–IR). 
 
Keywords: monetite, hydroxyapatite, calcium phosphate. 
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This research investigates the performance of small concrete beams 

reinforced with glass fiber reinforced polymer (GFRP), basalt fiber reinforced 
polymer (BFRP), and traditional steel bars. It addresses limitations of steel 
reinforcement and explores alternative strategies for better infrastructure 
solutions. FRP materials offer benefits like lightweight properties, cost-
effectiveness and corrosion resistance. The study analyzes strength, load-bearing 
capacity, failure modes, and deflection of concrete beams reinforced with these 
materials. 

Concrete beams were prepared with CEM I 42.5R Portland cement, a water-
cement ratio of 0.5, sand, aggregates, and super-plasticizer. Reinforcements 
included 6 mm diameter S-500 steel bars, 6 mm BFRPs, and 8 mm GFRPs, all 
940 mm long. An experimental program assessed the ultimate load-bearing 
capacity, mid-span deflection, average deformation, and failure modes. 
Specimens’ concrete were mixed, cured, and tested per Eurocode. Six beams 
(120 × 80 × 1100 mm) with steel, GFRP, and BFRP reinforcements were used. 

GFRP-reinforced beams supported higher ultimate loads than BFRP and 
steel-reinforced beams. BFRP beams, despite early crack initiation, had higher 
ultimate load-bearing capacity than steel beams. 

Steel reinforced concrete beams failed at 20 KN and 21.8 KN with mid-span 
deflections of 4.76 mm and 4.65 mm. GFRP reinforced concrete beams failed at 
32 KN and 40 KN, with deflections of 14.01 mm and 14.61 mm. BFRP reinforced 
concrete beams failed at 26 KN and 30 KN, with deflections of 16.17 mm and 
21.50 mm. GFRP reinforced concrete beams had significant deformations and 
larger crack widths. Failure modes differed: steel beams had flexural tension 
failure, GFRP beams had diagonal tension leading to shear tension failure, and 
BFRP beams had combined diagonal tension and flexural failure. 

This research highlights a shift towards using GFRP and BFRP materials in 
concrete beams, comparing their mechanical characteristics and effectiveness 
against traditional steel reinforcement under concrete beams. 
 
Keywords: BFRP, GFRP, Steel bars and Concrete beams. 
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In the Building Integrated Photovoltaics (BIPV) sector, a common practice 
involves the use of standard glass/glass-based PV modules. While these technologies 
offer reliability, their installation typically demands additional fixings and specialized, 
costly installation expertise. Therefore, there's a need for a new generation of 
photovoltaic modules - ones that combine conventional construction materials with 
those used in photovoltaics to provide an aesthetic solution and reduce installation 
costs, as they would require the same fixings as conventional facade elements. 

This study aims to identify the most effective combinations of construction 
elements and PV materials and maintain acceptable adhesion properties between the 
PV encapsulation material and facade material to ensure the durability and longevity of 
the technology. Various material combinations (refer to fig. 1) have been tested as part 
of the research process. 

Most promising results were achieved using: 1) Glass front layer, Ethylene-vinyl 
acetate (EVA) encapsulant, steel roof coated with polyester as a back layer; 2) Glass 
front layer, Ethylene-vinyl acetate (EVA) encapsulant, steel roof coated with powder 
coating as a back layer; 3) copolymer of ethylene tetrafluoroethylene (ETFE) front layer, 
Ethylene-vinyl acetate (EVA) encapsulant, coated with polyvinylidene fluoride PVDF 
aluminium facade sheet as a back layer. 

These samples were tested according to the IEC 61215 standard in order to 
determine their durability. All structures were placed in the climatic chamber and 
subjected to the "Damp Heat" test, which involved exposing them to a temperature of 
85°C and a relative humidity of 85% for a duration of 500 hours. After the test, a visual 
inspection was performed, and no delamination was found. In addition, both PV 
structures were tested with adhesion tests, which showed a decrease in adhesion from 
41.18% to 74.39%, depending on the number of layers of material used. It was found 
that some of the conventional facade materials can be laminated with standard PV 
module materials. 

 

 

Fig. 1. Front layers – ETFE, glass; 
encapsulation materials – EVA and POE; back 
layers – steel roof coated with polyester, steel 

roof coated with polyester, powder coated steel 
roof, coated with PVDF aluminium facade sheet 

 
Keywords: Building Integrated Photovoltaics, back layer, front layer, encapsulant, new 
generation PV modules, adhesion, facade materials.  
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Hydrogel-based biomaterials find widespread application in biomedicine, 
serving as scaffolds in tissue engineering, wound dressings, drug delivery 
systems, and contact lenses [1]. Despite their promising properties in biomedicine, 
it is crucial to address production and sterilization challenges for hydrogels, as 
their water content makes them sensitive to traditional sterilization methods [2]. 
High Hydrostatic Pressure (HHP) stands as a potent alternative to conventional 
sterilization methods, such as high-temperature thermal processing, steam-based 
methods, gamma irradiation, and chemical agents. Additionally, the HHP 
technique serves as a dual-purpose method, applicable during both the hydrogel 
preparation stage and sterilization process [3]. The HHP process involves various 
parameters and variables, which contribute to its complexity. Therefore, the study 
employs an innovative Artificial Intelligence/Machine Learning (AI/ML) algorithm 
for process optimization.   

The aim of this project is to design drug-loaded hydrogel with enhanced 
pharmaceutical properties using the HHP processing method.   

In the study, various HHP sterilization conditions, including time (5–15 min), 
pressure (100–300 MPa), and cycles (1–4), were tested for effectiveness against 
E.coli bacteria. Our experiment and ML approach showed that a pressure of 
200 MPa, 2–4 cycles, and 10 minutes of pressure holding can effectively 
deactivate microbiological samples. This strategy has the potential to optimize 
multi-parameter processes and improve drug-loaded hydrogels, ultimately leading 
to better medical outcomes.  
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consolidation”, No. 5.2.1.1.i.0/2/24/I/CFLA/005; Researcher Grant “High Hydrostatic 
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No. RSU-ZG-2024/1-0002. 
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The photon and electron-induced radical-initiated polymerization in polymer 

gels can be used to construct high-resolution tissue equivalent dosimeters for 
radiation therapy quality control. The dose distribution in irradiated gel dosimeters 
reflects changes in molecular mobility caused by local polymerization initiated by 
radiation-generated radicals. It can be assessed by analyzing magnetic resonance 
or X-ray CT imaging parameters [1,2]. Physical factors, such as dose rate and 
energy are responsible for the dosimetric sensitivity of gel dosimeters [3].  

 Several types of gel dosimeters were prepared and analyzed: normoxic 
methacrylic acid gel (nMAG), normoxic polyacrylamide gel (nPAG), and N-
isopropyl acrylamide gel (NIPAM).  

Fabricated gel dosimeters were irradiated with 6 MeV and 15 MeV photon or 
electron beams applying different dose rates (100, 300, and 600 cGy/min).  Dose-
related MRI relaxation rate R2, and CT number changes of the irradiated gels were 
analyzed [4].   

It is known [5], that the dosimetric sensitivity of the gel dosimeters to 
irradiation is defined by the slope of the calibration curve obtained for each 
evaluating modality separately. It was found that the dose-response of gels was 
similar for both irradiation beams (photons and electrons) in the lower dose range 
up to 5 Gy indicating high sensitivity to dose rate and beam energy changes. The 
dose sensitivity of the gels was highly dependent on the dose rate and beam 
energy used. 

Performed investigation revealed that nMAg gel was more sensitive to dose 
rate and beam energy changes as compared with nPAG or NIPAM gels.  
 
Keywords: dose rate, dosimetry, energy, gels. 
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      Chemical stability and environmental friendliness are two of the most important 
features of deep eutectic solvents (DES). The materials that make up their 
structures are readily available, inexpensive, non-toxic, biodegradable and non-
flammable [1]. Since the deep eutectic phenomenon was introduced in 2003 [1], 
choline (2-hydroxyethyl-trimethylammonium) chloride has been the subject of the 
most research. DES of choline chloride has been used both for the efficient 
recovery of raw materials from used Li-ion batteries [2,3], for their applications in 
food packaging [4], and for the recycling of non-degradable polyurethanes [5].  
      Although this is economically and environmentally advantageous, existing 
technologies still face practical problems. DES of choline-chloride are becoming 
increasingly important for industrial applications and new scientific developments 
in their physical and chemical properties are expected. As a result, it's critical to 
consider characteristics like stability, degradation, fluidity, and viscosity when 
designing the optimal system for a particular application because these attributes 
are heavily influenced by the molecular composition of each system's constituent 
parts and their interactions with one another. 
     DES formulations have been prepared from choline chloride and various H-
bond donors, such as urea, diphenyl urea, LD-malic acid and xylitol. The aim of 
this study was to evaluate their stability and phase equilibrium not only at ambient 
temperatures but also at higher temperatures. The oxidation resistance was 
evaluated using a thin-film method as described previously [6]. By applying thin 
films of DES to the steel surface at 90°C and following the gravimetric changes, 
their volatility and degradation patterns were studied. The DES tested had low 
evaporation rates and relatively high viscosity.  
 
Acknowledgments: This study was carried out under project TERMINUS,  
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The adhesive joining of materials of different natures allows using a wide 
variety of materials, not only offering great design flexibility, compared to traditional 
mechanical fastening methods but also resulting in more even stress distribution, 
reducing the risk of high-stress concentration zones, which can lead to material 
damage, enhance performance in extreme condition etc. Among many factors 
influencing adhesion, surface characteristics such as surface energy, surface 
cleanliness, surface roughness, and materials' chemical and mechanical 
properties are the most important.  

The investigation aimed to evaluate the influence of polymer material 
softness and abrasion conditions on the surface roughness parameters. 

Four types of soft polymer materials (E < 300 MPa) were selected for 
investigation: two types of monolithic vulcanized rubber, butadiene-styrene rubber, 
and microporous material – ethylene vinyl acetate (EVA) copolymer. The surface 
of the tested materials was roughened using two different abrasives grade 
numbers No 60 and No 100. Shore hardness A of materials was measured using 
a digital hardness meter and the profiles before and after surface abrasion were 
carried out using portable surface roughness tester Mitutoyo Surftest SJ-210, and 
the optical micrographs were obtained using Mitutoyo quick vision device QV-404. 

It was determined that statistical surface roughness parameters are in high 
dependence not only on the abrasive paper grade number but also depends on 
the materials softness and porosity. For the nonporous polymer materials with 
Shore hardness A close to 90 a. u. very clear dependence of abrasive paper grade 
number was found. The surface roughness after abrasion was increased several 
times compared with a non-abraded surface, while for nonporous rubber with 
Shore hardness A equal to 60 a. u. and microporous EVA samples, this effect was 
not so evident. It was not found a significant influence of abrasive paper grade 
number on the surface roughness of the material. The difference between Ra 
values was not higher than 25% when the surface was roughened with abrasive 
paper No60 and No100. 

 
Keywords: surface roughness, rubber, abrasion. 
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Buildings are responsible for approximately 40% of energy consumption and 

36% of CO2 emissions in the EU. Deep renovation of existing old buildings has the 
potential to lead to significant energy savings and a tremendous carbon footprint 
shrinkage. The current EU climate targets open an ample opportunity for 
exponential growth in the building thermal insulation materials market owing to the 
increasing number of new residential buildings and current deep renovation needs.  

The target of BIO4EEB project (https://www.bio4eeb.eu/), is to support 
residential building´s construction performance extraordinary at all three 
hierarchical levels of construction parts simultaneously (building, component, 
material) by creating an amplified environmental impact and reducing additionally 
VOC emissions. BIO4EEB applying non-hazardous bio-based material as e.g., 
Posidonia and various bio-based foams to develop and to proof the marketability 
of smart components for external and internal use as material application, pre-fab 
panels or windows. The efficiency and effectiveness is quite important to match 
with market demands and establish a unique selling proposition including a seven 
years return on investment. 

BIO4EEB seeks to close the increasing gap of insulation material shortage 
caused by the regular growing demand and the mismatch caused by lacking 
production potential and the outcome of the current energy crisis by boosting the 
use of available bio-based qualified materials as alternative solutions. The 
objective is to substitute using fossil resources for components and replace them 
at a comparable price value positioning. New business models utilizing the 
complete economic value chain open the market for bio-based BIO4EEB solutions 
and products uplifting the generic bio-based material use and qualifying their 
application at a circular economy approach for creating a much greener EU 
building and construction industry real estate stock. 

 
Acknowledgments: This project received funding from the European Unions‘s Horizon 
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The essence of the research is to present a new multifunctional product 
labeling system to the market. Polygraphic technologies, physicochemical 
synthesis and analysis methods were used for its creation. This system allows to 
identify objects and determine their origin. The newly developed labeling system 
ensures the highest level of protection against counterfeiting, creates the 
possibility of automating trade and logistics systems, and also contributes to the 
implementation of the goals of the circular economy by integrating it into new 
deposit systems in order to increase the collection of recyclable waste, etc.  

An optical diffraction marks of periodic structures of variable period, also 
called holographic meta-surfaces, characterized by dynamic changes in the 
shape, size, position and color of optical elements depending on the amplitude, 
phase, polarization, wavelength of light, spatial position of the light source relative 
to the mark and the observation point of the observer, were created. Dynamic 
motion security marks (active optical elements) and special-purpose dyes have 
been developed and integrated into the marking system, which guarantee a high 
level of protection against forgery. 
 
Keywords: active optical elements, special-purpose dyes, security, authentication. 
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Antibiotic-resistant microorganisms are posing serious global health risks due 

to their growth and distribution. Organic substance has varied chemical 
composition and mode of actions due to which they have strong potential to fight 
against microbial disease. Among all of them silver nanoparticles (AgNPs) have 
shown exceptional antibacterial capabilities, which has led to their investigation in 
a range of industrial and biological uses. The aim of this study to use of aquatic 
plant root extracts for the biosynthesis of silver nanoparticles (AgNPs) as 
minimizing coatings and film formatting in antimicrobial natural polymer film. 
Transmission electron microscopy (TEM) and scanning electron microscopy–
energy-dispersive spectroscopy (SEM–EDS) methods were used to validate the 
production of polymers. Using the Kirby-Bauer disk diffusion susceptibility test to 
investigate the growth of Gram-positive and Gram-negative bacterial cultures. The 
antioxidant activity and antibacterial activity of biofilm containing green AgNPs was 
also examined. From results we get that total phenolic content  were slightly higher 
in aqueous extracts of Sym. Radix than in Sym. Radix/AgNPs. AgNPs were shown 
to include spherically shaped nano-objects with an average size of 27.45 nm in 
TEM images. Studies of the surface morphological indicated that the films' 
acquired surface was smooth and free of any holes or other imperfections in the 
relief. In the age of multi-drug resistance, these apparent biological functions of 
AgNPs and Symphyti radix polymer film may offer a platform for combating harmful 
microorganisms. 
 
Keywords: green synthesis, Symphyti radix, silver nanoparticles, phytochemical analysis, 
antibacterial activity, antioxidant activity. 
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New data on the presence of micro- and nanoparticles in various Earth 

environments such as air, water, soil, and wildlife, including the tissues and 
gastrointestinal tracts of thousands of animal species, as well as in human tissues 
and fluids, are raising growing concerns about plastic pollution. New methods for 
analysing nano- and micro-plastics (MNPs) and reusing old technologies have 
been developed, making it possible to determine the extent and magnitude of 
plastic pollution down to the nanoscale (< 1 µm). However, there are only a limited 
number of studies on NMPs from real-life derived samples in the < 1 µm range. 
Most studies in this range have been conducted with polystyrene (PS) plastics, as 
micro-nanospheres made from other plastics are not commercially available. In 
addition, recent studies have shown that real-life plastic particles exhibit different 
behaviour than chemically pure plastics. Recently published new protocols to 
produce real NMP samples under laboratory conditions have made it possible to 
produce NMPs in the laboratory and use them for various experiments.  

This study has aimed to prepare polyethylene terephthalate (PET) NMPs of 
< 1 µm from real-life plastics such as single-use water bottles and use them in 
adsorption experiments. NMPs were prepared using mechanical fragmentation, 
and milling (using ball mill Pulverisette 6 (FRITSCH, Germany). Characterization 
of obtained particles was performed using TEM, SEM, XRD, and FTIR. 

Chitosan-graphene oxide (GO-CS) based nanocomposites were used as 
adsorbents for PET-NMPs and all changes resulting from the adsorption process 
were monitored by SEM, TEM, FTIR, XRD and Raman spectroscopy. 

 
Keywords:  nano- and micro-plastics, chitosan-graphene oxide nanocomposites adsorption, 
fresh water. 
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Natural resources such as water are constantly exposed to anthropogenic pollution. 

Various pollutants such as heavy metals (Zn, Ni, Cr, Hg, Cd, Cu, etc.), organic compounds 
(fertilizers, pesticides, phenols, organic dyes, pharmaceuticals, surfactants, etc.), and, above 
all, radionuclides (Eu, Co, Cs, etc.) can enter drinking water through the discharge of 
industrial wastewater. They are all highly toxic, non-biodegradable, have a higher solubility 
and mobility in water systems, and ultimately pose a threat to animal health and consequently 
to human health [1]. Among all technologies (such as sedimentation, flocculation, 
evaporation, membrane technology, etc.) used to purify contaminated water, the adsorption 
technique on suitable nanoporous or micro-/nanoscale materials such as activated carbon, 
zeolites, sol-gel routes, polymers, microemulsions, functionalized silica and clay, etc. is still 
considered one of the most effective and simplest. Recently, biopolymers such as chitosan 
are considered as important candidates for water treatment due to their non-toxicity, 
biodegradability, natural occurrence, considerable recovery rates, regenerative ability, and 
biocompatibility. Moreover, chitosan is a unique and modifiable material that can be used as 
a sorbent that has been modified with nanocomposites to give it additional capabilities such 
as magnetism (using Fe2O3) for rapid separation from water for recovery [2]. The potential of 
magnetic biopolymers for the removal of radionuclides and other emerging contaminants 
was investigated in this study. The SEM, TEM, FTIR, AFM, XRD, Raman, and Mössbauer 
methods were used for the characterization of the synthesized magnetic biopolymers and 
their changes during sorption. Furthermore, this research aims to perform a comprehensive 
evaluation of the direct effects of these nano-adsorbents on aquatic organisms to assess 
their ecological safety. The experiments confirmed the hypothesis that magnetic biopolymers 
used as sorbents attenuate the toxic effects (mortality, morphophysiological changes) of 
emerging pollutants on aquatic organisms (crustaceans and fish). The study combined 
adsorption efficiency with ecotoxicity assessment to gain valuable insights into the 
sustainable use of nano-adsorbents for water remediation. The obtained results will be useful 
for the effective removal of radionuclides and other emerging pollutants while protecting the 
environment and human health. 
 
Acknowledgements: This work was funded by the Research Council of Lithuania, Project 
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of ecofriendly sorbents modified with nanocomposites”. 
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Listeria monocytogenes bacteria poses a significant threat to food safety, 
leading to severe infections and high mortality rates. In response to this challenge, 
molecularly imprinted polymers (MIPs) have emerged as promising candidates for 
the recognition of specific analytes due to their exceptional selectivity. The 
molecular imprinting approach involves creating binding sites uniquely suited to a 
specific molecule, leveraging the concept of complementarity between imprinted 
sites and the analyte [2].  

In this study, we present a novel approach to developing a molecularly 
imprinted polypyrrole sensor (MIP-Ppy) for the rapid and selective detection of 
Listeria monocytogenes [3]. A distinctive aspect of this research involves 
evaluating efficient extraction methods for Listeria monocytogenes from imprinted 
cavities. The analytical performance of electrodes modified with a non-imprinted 
polypyrrole (NIP-Ppy) layer was compared with those modified by the MIP-Ppy 
layer. 

The results demonstrate the selectivity of the MIP-Ppy sensor, offering a 
promising solution for the rapid and precise detection of Listeria monocytogenes 
in food samples. Sensitivity criteria, including the limit of detection (LOD) and limit 
of quantification (LOQ), were used to assess the performance, along with 
repeatability measurements. This electrochemical approach has great potential to 
advance Listeria monocytogenes detection in both healthcare and the food 
industry, providing a reliable and efficient solution to address this public health 
concern. 
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The integration of smart cement and sensor technologies offers a unique 

opportunity to unify the approach to the remote monitoring and maintenance of 
infrastructure. Smart cement, which is enhanced with embedded sensors, 
represents a significant advancement in civil engineering materials, enabling real-
time monitoring of critical structural parameters. 

The integration of sensors within the cement matrix allows for continuous 
monitoring of factors such as strain, temperature, humidity, and corrosion levels. 
This real-time data collection provides engineers with valuable insights into the 
structural health and performance of infrastructure assets, facilitating early 
detection of defects and proactive maintenance interventions. 

Furthermore, wireless communication technologies enable remote access to 
sensor data, empowering engineers to monitor infrastructure conditions from 
anywhere in the world. This connectivity facilitates timely decision-making, 
optimized maintenance schedules, and improved resource allocation, ultimately 
leading to enhanced infrastructure resilience and longevity. 

In addition to real-time monitoring capabilities, the integration of smart 
cement and sensors opens avenues for advanced data analytics techniques. 
Machine learning algorithms can analyse large datasets collected from sensors to 
predict structural behaviour, identify patterns, and optimize maintenance 
strategies, thereby maximizing infrastructure performance and minimizing 
downtime. 

 
Keywords: smart cement, sensor integration, real-time monitoring, infrastructure resilience. 
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Silver nanoparticles (AgNPs) are of significant interest for their unique 

properties and medical potential. Conventional synthesis methods are energy-
intensive and hazardous, while plant-based alternatives, leveraging 
phytochemical-rich extracts, offer safer, sustainable routes. However, 
biosynthesis methods often entail complexities in control, as they rely heavily on 
the biochemistry of the selected plant species. This study aims to develop a green 
AgNPs synthesis using Chamomilla matricaria (ChM) extract. Aqueous extract of 
ChM was prepared using a precursor AgNO3 solution of different concentrations 
(c = 2–10 mM). The colour change of solution from yellowish to reddish brown 
visually evidences the formation of ChM-AgNPs (fig. 1a). It was confirmed by UV-
Vis analysis (fig. 1b) – LSPR peak at 438 nm appear the bioreduction of Ag+ ions 
to Ag0 by phytochemicals. However, higher AgNO3 concentrations exceeded 
optimal nucleation conditions, leading to Ag+ ions aggregation rather than 
nanoparticles formation due to elevated ionic strength and excess silver ions [1]. 
TEM imaging (fig. 1c) showed spherical AgNPs with diameters 10–85 nm (average 
size of 32 nm), possibly due to variations in nucleation, growth kinetics, and 
inherent aggregation tendencies during synthesis. 

 

  
Fig. 1. Biosynthesized AgNPs investigation: a – ChM extract colour change after 1 h, b – 

UV-Vis absorption spectra, c –TEM image of AgNPs 
 

Spherical AgNPs were successfully obtained using Chamomilla matricaria 
aqueous extract. Nevertheless, optimizing the herbal extract and AgNO3 
concentrations is crucial to ensure AgNPs stability, size uniformity, and preventing 
aggregation.  

 

Keywords: silver nanoparticles, green synthesis, Chamomilla matricaria. 
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Giant magnetoresistance (GMR) effect can be described as the change in 

the electric conductivity of a multilayer structure, usually consisting of two 
ferromagnetic layers separated by a non – magnetic conductive layer, when an 
external magnetic field changes the magnetization directions of the ferromagnetic 
layers relative to each other. A parallel alignment usually has a lower resistance 
than an antiparallel alignment [1]. High sensitivity to small changes in magnetic 
field strength makes GMR structures very attractive for sensor applications in 
medicine and informational technologies. 

However, the ferromagnetic layers can also be separated by a thin insulating 
layer, which leads to the creation of a magnetic tunnel junction (MTJ). These 
structures exhibit an effect that is an extension of the GMR effect – tunnel 
magnetoresistance (TMR). Electrons can cross the insulating layer via quantum 
tunnelling. The probability of tunnelling is higher when the magnetization of the 
ferromagnetic layers is aligned in parallel and the lowest at an antiparallel 
alignment [2].  

Various thin film technologies can be used to grow multilayer structures. In 
our research the main focus was on the magnetron sputtering (MS) technique and 
pulsed laser deposition (PLD) systems. Structure characterization was achieved 
by placing samples in a uniform magnetic field generated by an electromagnet and 
measuring changes in resistance induced by changes in magnetic flux density.  

The goal of our research was to produce the GMR structures with engineered 
magnetoresistive properties. For this reason, we optimized the manufacturing 
process for efficient GMR structure production and investigated the 
magnetoresistive properties of the prepared devices. 
 
Keywords: thin films, giant magnetoresistance, tunnel magnetoresistance, magnetron 
sputtering, pulsed laser deposition, magnetoresistive sensors. 
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Nitrocellulose membranes are widely used in lateral-flow immunoassays 
(LFA) for different purposes diagnostic tests. The analyte fluid sample added to 
the membrane flows through the LFA by capillary forces, interacting with the 
detection of antibody-labeled gold nanoparticles [1–4]. 

Although its simplicity and practicality make it an appealing solution, it 
remains a grand challenge to substantially enhance the colorimetric LFA 
sensitivity. The local flow rate constraints imposed in nitrocellulose (NC) 
membranes via a number of vertical femtosecond laser micromachined 
microchannels are important for prolonged specific binding interactions. Porous 
NC membrane surfaces were structured with different widths and densities μ-
channels employing a second harmonic of the Yb:KGW femtosecond laser and 
sample XYZ translation over a microscope objective-focused laser beam. The 
influence of the microchannel parameters on the vertical wicking speed was 
evaluated from the video recordings. The obtained results indicated that μ-channel 
length, width, and density in NC membranes controllably increased the 
immunological reaction time between the analyte and the labeled antibody by 
950%. Image analysis of the colorimetric indicators confirmed that the flow rate 
delaying strategy enhanced the signal sensitives by 40% compared with pristine 
NC LFA. 

 
Fig. 1. Graphical abstract 

 
Keywords: nitrocellulose, μ-channels, laser µ-machining, reaction time, calorimetric 
sensing, signal enhancement. 
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Noise pollution is considered a stress factor that can adversely affect human 

health for a long time. Porous absorbing materials are used for passive control of 
various sounds and noises. Knowing the high porosity of technical hemp shives, it 
is essential to determine the acoustic properties of the manufactured board. The 
acoustic properties of the samples were described by determining whether the 
material is sound absorbent, by calculating the sound absorption and NRC 
coefficients, and by determining the absorption class. 

Research is focused on establishing the optimal structure of wall panels to 
obtain a wall panel with high level of noise absorption. In the study, boards were 
made from hemp chips, wood chips and by mixing raw materials in a ratio of 
50/50% to obtain a single-layer wall board with a thickness of 25±1 mm and a 
density of 225–20 kg/m3. An impedance tube was used to measure the acoustic 
properties of the samples. Measurements were performed on 3 sample categories; 
a total of 18 samples were prepared and tested (see fig. 1). 

All sample groups are sound absorbers with the highest absorption efficiency 
in the frequency band from 1000–2000 Hz and 4000–6300 Hz. Good sound 
absorption properties at frequencies 500–6300 Hz have the best absorption 
coefficient W 0.69 the porous structure of the board is able to improve the acoustic 
properties. Boards most effectively absorb sound in the frequency bands of 1000–
2000 Hz and 4000–6300 Hz; corresponds to sound absorption class B and C 
(1000–4000 Hz). The NRC coefficient is determined at frequencies 250–2000 Hz. 
For the HW material group the coefficient is 0.47, for the H group it is 0.44, for the 
W group it is 0.49. 
 

 
Fig. 1. Sound absorption samples (from left: HW; W; H) 

 
Keywords: hemp shive, wood chips, acoustic properties, optimal wallboard structure.  
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QR codes are widely available, so they have become more popular in various 

industries, including textiles. Although there are significant challenges in 
integrating them into garments due to the features of textiles and QR codes.  

Textiles are flexible and do not have a smooth surface owing to their 
structure, which is typically composed of woven or knitted threads. A wide variety 
of raw materials, from natural to man-made fibres, are used to make yarns. These 
characteristics strongly influence technologies that can be used to embed QR 
codes in textiles. On the other hand, for fluent QR code reading, it is essential that 
the image module configuration, positioning, and alignment markers [1,2] are not 
distorted because they are made of small elements (dots, squares) arranged in a 
grid. Therefore, the technologies chosen to realize QR on textiles must also be 
suitable to keep QR readability requirements. Furthermore, the applied QR codes 
could be breached during the garment lifecycle. Therefore, these aspects must be 
considered and tested.  

The aim of the research is to assess the quality of embedded QR codes 
based on image analysis.  

Investigations have been conducted on knitted polyester fabric using 
technologies such as heat transfer printing, sublimation, and embroidery to embed 
the QR code. An image analysis methodology was created to assess the quality 
and evaluate the readability of QR codes. The parameters of image similarity were 
chosen to compare the geometry of the QR code elements and to evaluate the 
image distortion. The results of QR image deformation in relation to the 
technologies used to embed QR codes on textile surfaces and the simulation of 
garment wearing conditions through abrasion and washing were obtained and 
described. 

 
Keywords: QR code, similarity, image analysis, geometric distortion. 
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Developing surfaces to combat viral diseases requires extensive research, 
money, and time due to the constant emergence of new pathogens. The recent 
threat of SARS-CoV-2 underscores the importance of new antimicrobial materials. 
A unique method involving UV-mediated photochemical synthesis has been 
introduced to produce silver-polymer (AgNP-PVB) nanocomposite coatings. 
These coatings are specifically designed to reduce the spread of diseases on 
frequently touched surfaces such as door handles, keypads, and elevator buttons. 

Moreover, the size and concentration of AgNPs significantly affect the 
antiviral properties of these coatings. Comprehensive studies utilising techniques 
such as Raman spectroscopy, X-ray diffraction, atomic force microscopy (AFM), 
ultraviolet visible near-infrared spectroscopy, and contact angle (CA) 
measurements were carried out to analyse the characteristics of AgNP-PVB 
coatings. The effectiveness against viruses was assessed by testing SARS-CoV-
2 RNA using a one-step qRT-PCR method. 

The findings confirmed the presence of AgNPs within the PVB matrix with 
AFM analysis that revealed a decrease in the AgNP size as the irradiation duration 
increased. The results of the CA measurements showed a link between surface 
free energy (SFE) and antiviral effectiveness, indicating that higher levels of SFE 
were related to antiviral activity. Coatings containing 150, 200, 500 and 1000 ppm 
AgNP demonstrated reductions in the activity of SARS-CoV-2, hinting at their 
promise as preventive measures against viral infections. 

A method has been developed that combines algorithms and 3D printing 
techniques to apply these coatings in the production of a door handle cover. This 
approach resulted in the successful development of a long-term, durable antiviral 
AgNP-PVB nanocomposite coating with varying AgNP sizes (ranging from 15 to 
118 nm) and concentrations. 
 
Keywords: photochemical synthesis, silver nanoparticles, AgNP-PVB nanocomposite, 
antiviral activity, 3D printing. 
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Platinum-iron nanoparticles supported on graphene oxide was synthesized 

by using a single-step synthesis microwave method in the presence of sodium 
borohydride, by employing a fast and eco-friendly microwave-assisted polyol 
process, which facilitated the simultaneous reduction of graphene oxide and 
formation of Pt nanocrystals. 

 The resultant doped-graphene oxide was demonstrated to act as an 
improved catalyst, as an electrode with a much better electrocatalytic activity, long-
term operation stability, and tolerance to crossover effect than platinum for oxygen 
reduction via a four-electron pathway in fuel cells. 

Among the fuels used, proton exchange fuel cells (PEMFCs) have been 
attracted considerable attention due to unique physical and chemical properties 
such as sustainable, ease of transportation and identified as the applicable fuel. 

The structure and composition of the synthesized catalysts were examined 
by Fourier infrared spectroscopy, X-ray spectroscopy measurements XPS, 
specific surface area. The electrocatalytic activity of the synthesized catalysts 
toward the ORR was investigated by specific techniques, such as cyclic 
voltammetry, electrochemical impedance spectroscopy and I-V polarization 
curves. 

The half-cell experiments revealed a higher ORR electrocatalytic activity. 
Electrochemical evaluation of platinum-iron doped-graphene oxide leads to 
significant improving of its functional characteristic in particular electrocatalytic 
activity in oxygen reduction reaction: well-defined cathode peaks for different scan 
rate and long term stability. 

The important role of prepared catalyst for ORR can be applied to various 
carbon materials for the development of other metal efficient ORR catalysts for 
fuel cell applications, even new catalytic materials for applications beyond fuel 
cells. 
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Inverted perovskite solar cells (iPSCs) are increasingly using self-assembled 
monolayers (SAMs) as hole-transporting materials due to their ease of formation 
and cost-effectiveness. A well-known example of SAMs is phosphonic acid with a 
carbazole moiety and various functional groups [1]. Despite promising results, the 
relationship between the molecular structure of SAMs and the electrical properties 
of iPSCs remains unclear. While it is well established in the literature that certain 
anchoring groups, like phosphonic acid, have the capability to form a monolayer 
with strong bonds on the surface of oxides, there is limited knowledge regarding 
how the position of functional groups in the chromophore impacts the properties 
of the monolayers (including wetting angle, surface passivation, work function fine-
tuning) [2]. This study aims to understand how changes in the structure of SAM 
molecules relate to their electrical properties in photovoltaic devices. We 
synthesized and tested a series of molecules with phenyl functional groups as 
hole-transporting materials in iPSC devices. The results showed a significant 
impact of the phenyl substituent’s position on the device efficiency. Specifically, 
phenyl substituents at the 3 and 6 positions of the carbazole moiety had efficiency 
similar to that of the well-known SAMs molecule, while substituents at the 4 
positions resulted in lower efficiency. These findings underscore the importance of 
careful design and optimization in creating efficient hole-transporting materials for 
photovoltaic devices. Further research is underway to synthesize molecules with 
different functional groups and analyze their abilities to better understand how the 
position of functional groups on the carbazole moiety relates to photovoltaic device 
performance. 
 
Keywords: hole transporting material, self-assembled monolayer, perovskite solar cells. 
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Fast timing characteristics of scintillators is essential in high energy physics 

and medical imaging fields. Cerium-activated garnet scintillators are currently 
among the most promising fast scintillators. The successful growth of Ce-doped 
gadolinium aluminium gallium garnet (GAGG) single crystals that are prospective 
for the detection of ionizing radiation encouraged a further development of mixed 
garnet-type scintillators for fast scintillating detectors. Recent studies show that 
the scintillation response time of Ce doped garnets might be improved by codoping 
with small amounts of divalent alkali-earth ions, usually Mg+2 or Ca+2. 

We present a study aimed at revealing the characteristics of recombination 
centers in heavily aliovalently codoped Ce-activated garnet-type scintillators. The 
investigation was conducted on a set of Lu0.8Gd2.2Ga2.5Al2.5O12:Ce,Mg single 
crystalline epitaxial layers grown by isothermal dipping liquid phase epitaxy (LPE) 
on (100)-oriented Czochralski-grown Gd3Ga2.7Al2.3O12 substrates using BaO-
B2O3-BaF2 flux. LPE method allowed for a high concentration of codopant ions 
without substantial deterioration of the crystalline lattice. The content of aliovalent 
codopant Mg2+ in the investigated LuGAGG layers varied from 0 to 2200 ppm. 

The influence of Mg2+ ions on the excitation relaxation and emission 
properties of Ce3+ activator ions in the set of LuGGAG:Ce layers was investigated 
using linear and transient absorption techniques, steady-state and time-resolved 
photoluminescence spectroscopy in the temperature range from 80 to 600 K.  

The observed acceleration of Ce emission with increasing content of 
aliovalent codopant Mg2+

 was interpreted by the coexistence of two types of 
emission centers: regular Ce3+ ions and Ce3++Mg2+ centers consisting of Ce ions 
located close to Mg ions. We found that magnesium has no effect on the energy 
position of the emitting 5d1 level of Ce3+, however, Ce3+-Mg2+ centers have a 
smaller energy barrier for thermal quenching and introduce a barrier-free channel 
of nonradiative recombination. Introduction of more magnesium results in a faster 
emission decay due to an increasing share of the Ce ions in the centers 
Ce3++Mg2+. 
 
Keywords: scintillators, codoping, garnets. 
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Yeast cells (Saccharomyces cerevisiae) are one of the most investigated 

cells [1]. Moreover, yeast cells are cost-friendly and easily available. For these 
reasons, many research works were introduced on yeast cell application in biofuel 
cells formations over the time [2–4]. 

In this research work, the yeast cell modification with metal 
hexacyanoferrates technique, which improves the yeast cells charge transfer 
parameters, is proposed. The modification impact on viability and electrochemical 
abilities of unmodified yeast cells and metal hexacyanoferrates – modified yeast 
cells are investigated. Furthermore, the metal hexacyanoferrate – modified yeast 
cell application in formation of biofuel cell is demonstrated and the principals of 
biofuel cells are introduced.  
 

 
Fig. 1. Schematic representation of the biofuel cell based on PB-modified yeast [5] 

 
Keywords: yeast cells, biofuel cell, metal hexacyanoferrates. 
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During this work, Ni/Cu, NiCo/Cu, NiMn/Cu, NiMo/Cu, NiCoMn/Cu, 

NiCoMo/Cu and NiCoMoMn/Cu catalysts were formed using the chemical method 
of metal deposition. The surface morphology, internal structure and chemical 
composition of the obtained catalysts were analysed using field emission scanning 
electron microscopy, X-ray photoelectron spectroscopy and induced plasma 
optical emission spectroscopy. It was determined that the prepared coating 
particles consist of oval-shaped agglomerates with a size of 40 nm to 1.6 µm. The 
studies of the composition of the catalysts showed that the Ni loading ranges from 
32.515 to 475.15 µg/cm², Co – 346.65 to 614 µg/cm², Mn – 0.05 to 0.745 µg/cm² 
and Mo – 29.99 to 71.3 µg/cm². The catalytic properties of the formed catalysts for 
sodium borohydride hydrolysis reaction were investigated. The four-component 
NiCoMoMn coating was characterized by the highest catalytic activity. It was 
determined of this catalyst an activation energy of 45.3 kJ/mol and an H2 evolution 
rate of 3.08 ml/min at 30°C and 23.57 ml/min at 70°C.  
 

 
Fig. 1. FESEM images of prepared Ni/Cu (a), NiMn/Cu (b), NiMo/Cu /Cu (c), NiCo/Cu (d), 

NiCoMn/Cu (e) and NiCoMo/Cu (f), NiCoMoMn/Cu (g) catalysts 
 

Keywords: hydrogen, generation, nickel, cobalt, catalysts, borohydride.  
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Rapid development of portable electronic devices and electric vehicles 
demands for batteries with higher energy density, greater safety and longer cycle 
life. Transition metal oxide such as Fe2O3 has become a promising anode 
material for Li-ion batteries due to its high theoretical capacity and low cost [1]. 
However, the poor conductivity and violent volume expansion of Fe2O3 during the 
discharge/charge process results in its poor rate capability and cycling 
performance. The addition of TiO2 prevents these problems because TiO2 has 

good cycling stability and a low volume expansion ratio [2]. Therefore, a ternary 

Fe2O3/TiO2/rGO anode material showed better electrochemical performance 
compared to the binary Fe2O3/rGO and TiO2/rGO electrodes [3]. In this work, 
we study the Fe2O3 and TiO2 molar ratio impact on lithium-ion battery anode 
performance. 

The electrode materials of iron oxide, titanium dioxide and reduced 
graphene oxide (rGO) for lithium-ion batteries were prepared by electrophoretic 
deposition and their applicability was evaluated. A composition, structure and 
morphology of the electrode materials were investigated by scanning electron 
microscopy, atomic force microscopy, X-ray diffraction analysis, Raman 
spectroscopy, microspectral X-ray analysis and X-ray photoelectron 
spectroscopy.      

In this study obtained gravimetric capacities of the ternary Fe2O3/TiO2/rGO 
composite anode material at the discharge current 0.5 mA are 571, 683, 729 
mAh/g for the nanocomposite electrode materials Fe2O3/TiO2 in molar ratios of 
1:1 (FT11), 2:1 (FT21) and 3:1 (FT31), respectively. After 400 charge-discharge 
cycles at the current value 1 mA, the nanocomposites retain 58%, 81% and 17% 
of its initial gravimetric capacity for FT11, FT21 and FT31, respectively. Based on 
the results of rate capability, cyclability and gravimetric capacity measurements, 
we conclude that the nanocomposite with a molar ratio of Fe2O3 to TiO2 (2:1) has 
a potential as high-performance electrode material for lithium-ion batteries.  

The results obtained in this work extend understanding about interaction 
between two transition metal oxides for the preparation of high-performance 
electrode materials for lithium-ion batteries by using a cheap, simple and 
environmentally friendly method. The possibility to adjust a properties of electrode 
material (rate capability, gravimetric capacity, cyclability) makes it promising for 
lithium-ion battery applications such as laptops, power tools, smartphones, 
drones, electric cars, etc. 
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Nuclear fusion reactors are among the perspective devices for production of 
energy [1]. Plasma facing materials selection and their lifetime characterization 
prior the implementation into the fusion devices is of great interest. Presently 
tungsten is the plasma facing material for the International Thermonuclear 
Experimental Reactor (ITER) [2]. In order to achieve better plasma performance, 
introduction of boron in the composition of plasma facing materials is planned [3]. 
There are studies on boron containing compounds [4,5], however, the information 
gap of thin film behaviour under thermal loads needs to be filled.  

The aim of present research is to characterize the behaviour of deposited thin 
tungsten-boron films under thermal load. Tungsten-boron films were deposited on 
the Si/SiO2 substrate by the magnetron sputtering technique with thickness of 
150 nm. The synthesized films were characterized by means of exoemission and 
Fourier transform infrared (FTIR) spectrometry. The thermal load in a way of 
heating was applied up to 600°C for 6 hours. Changes in the chemical bonds were 
determined by means of FTIR. The obtained results of tungsten-boron films are 
compared with pure tungsten films. It is observed, that thermal treatment leads to 
formation of W-O, W=O and oxidized boron containing compounds. Exoemission 
of tungsten films takes place at 410°C, while films with boron addition give 
exoemission peak at around 485°C. 

The obtained results will be applied for recommendations for lifetime 
predictions of boron containing tungsten films in fusion devices. 
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In recent years the use of renewable energy sources has increased 
significantly in an attempt to mitigate the global energy crisis and climate change. 
Photoelectrochemical (PEC) systems are among the alternative technologies to 
convert solar energy into valuable chemicals, such as hydrogen and oxidants. The 
efficiency of the PEC system strongly depends on the nature of photoanode and 
the composition of the electrolytes. In this study photoanodic formation of oxidants 
and hydrogen evolution on Pt cathode during chronoamperometric (CA) 
experiments. 

 
Fig. 1. Variation of photocurrent density (a) and concentration of hydrogen (b) during 

photoelectrolysis with W-doped BiVO4 coatings in 0.1 M Na2SO4 at 1.2 V(Ag/AgCl); FE of 
PEC generation of persulfate are indicated in (a) 

 
Fig. 1 (a) presents the results of CA experiments, where W-doped BiVO4 

samples were used as photoanodes in the photoelectrolysis of 0.1 M Na2SO4 
solution. The data shows a significant improvement in photoactivity of BiVO4 due 
to W-doping. The Faradaic Efficiency (FE) of produced reactive sulfate species 
(RSS) in the form of S2O8

2 for 1% and 5% W-doped coatings was observed to be 
~80–88%. Results with hydrogen evolution reaction (fig. 1 (b)) followed analogous 
trend: the most intensive hydrogen production was observed with BiVO4 coating 
containing 1% of W.  
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Photoelectrochemical (PEC) water splitting is considered a remarkable way 
for green hydrogen, which uses major chunk of solar energy and semiconductors 
(photocatalyst) readily available on Earth [1]. Various researches and techniques 
have been perceived to fabricate ideal photoelectrodes to enhance the overall 
PEC efficiency, and among reported research trends bifunctional heterostructures 
have been extensively paving the way to expedite the efficiency of both the oxygen 
evolution reaction (OER) and the hydrogen evolution reaction (HER) by 
manifesting greater Tafel slope at low over potential rate [2]. To yield the maximum 
PEC kinetics and tackle with less mobility of the photogenerated current, 
plasmonic nanoparticles can be considered because of their splendid attribute of 
localized surface plasmonic resonance (LSPR), which leads towards the hot 
electron distribution upon visible light irradiation and enhances the mobility of 
photogenerated electrons by exhibiting the phenomena of thermionic emission 
and tunnelling [1]. This study investigates indirect contact of reduced graphene 
oxide (RGO) induced by p-type CuBi2O4 and n-type BiVO4 coupled Au 
nanoparticles (NP) for PEC water splitting, where RGO is being used as an 
electron mediator to capture maximum number of electrons from one 
semiconductor to other, on account of their high surface to volume ratio. We 
demonstrate that the overall PEC efficiency of this RGO induced bifunctional 
plasmonic p-n heterostructure can be made more higher by coupling with Au 
nanoparticles (NPs). 
 
Keywords: OER, HER, Bi functional heterostructure, Tafel slope, thermionic emission, 
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Mixed tin–lead perovskites are becoming incredibly popular because of their 
narrow bandgap (1.2–1.3 eV) which plays a vital role in all-perovskite tandem solar 
cells for achieving higher efficiencies compared to single–junction counterparts [1]. 
However, easy oxidation of Sn2+ to Sn4+ limits Pb-Sn perovskite stability and their 
performance [2]. This restricts their long-term use in all-perovskite tandem 
devices.  

This study aims to demonstrate that mixed tin-lead perovskite structure and 
its optoelectronic properties respond differently to the changes in fabrication and 
environmental conditions. All samples were fabricated in an Argon atmosphere 
and subsequently measured under three different gas environments: Argon (Ar), 
Nitrogen (N2), and Oxygen (O2). The acquired absorption spectra reveal that 
perovskite films stored in both argon and nitrogen atmospheres remain 
unchanged, whereas slight variation in absorption intensity was observed after the 
exposing perovskite to Oxygen for 5 hours. Meanwhile, the X-ray diffraction (XRD) 
analysis demonstrate no structural alterations following a 24-hour exposure to a 
standard atmospheric environment.  

Despite the structural stability of the perovskite material, the optoelectronic 
analysis reveals significant variations in response to environment conditions. 
Photoluminescence (PL) lifetime decreases by increasing oxygen concentration 
implying the presence of strong nonradiative channel, probably associated with 
energetic disorder within the material. Furthermore, transient photocurrent 
measurements additionally reveal that even small quantities exert a pronounced 
influence on the trap concentration, leading to their substantial increases as 
oxygen levels rises. 
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from the Research Council of Lithuania. 
 
Keywords: photoluminescence spectroscopy, Sn-Pb mixed perovskite, structural 
characterization, transient photocurrent.  
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According to EU initiatives for clean energy transition such as the SDG7, 
novel catalysts with use in sustainable energy production will play a key role for 
the transition. Hydrogen is expected to compose a substantial part in our clean 
future, but implementation is lagging behind, partially due to high costs.   

One alternative for this transition period is low-cost hydrogen production, but 
conventionally it brings carbon related emissions. Even though there is an 
alternative, pyrolysis of methane, conventional technologies involve high 
temperatures and pressures, which means a high energy demand. To reduce the 
temperature and therefore the energy demand, a catalyst must be used.  

Our aim is to develop an innovative catalyst for methane pyrolysis by 
depositing iron with widely dispersed nickel nanoclusters on gamma alumina using 
the magnetron sputtering technique. Gained results, such as hydrogen yield, 
produced by-gases, and residual materials, will be compared with those obtained 
using titania as the substrate material.  

The investigation of substrate materials and catalysts in combination with the 
analysis of produced gases enables the optimization of both the catalyst and the 
pyrolysis process. Samples were characterized using scanning electron 
microscopy, X-ray powder diffraction, and Raman spectroscopy. Information about 
the thermal stability of samples, decomposition kinetics, and other thermal 
properties was obtained through thermogravimetric analysis. Hydrogen production 
was measured using gas chromatography and mass spectrometry. 

 
Keywords: iron-nickel nanoclusters, clean energy, hydrogen, pyrolysis, nanomaterials. 
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Microbial Fuel Cells (MFCs) present a sustainable alternative for energy 

generation and wastewater treatment. However, their practical application is 
limited by the restricted charge transfer through cell walls and membranes. This 
study investigates the use of gold nanoparticles (AuNPs) to augment the 
conductivity of baker's yeast (Saccharomyces cerevisiae) cell wall in microbial fuel 
cells. Electrochemical evaluations revealed that yeast:AuNP-modified graphite 
electrodes produced a higher power density of 22.8 mW/m2, albeit with a lower 
current density, compared to electrodes modified solely with yeast which produced 
a power density of 5.7 mW/m2. Despite certain challenges, the findings suggest 
promising potential for incorporating AuNPs in MFCs to enhance biofuel cell 
performance. Future research should focus on refining the AuNP modification 
process to optimize benefits, potentially facilitating broader adoption of MFCs as 
sustainable energy sources. 
 
Keywords: Microbial Fuel Cells (MFCs), biofuel cells, gold nanoparticles (AuNPs), graphite 
electrodes, Baker’s Yeast (Saccharomyces cerevisiae). 
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Most of the organic fluorophores in low concentration solutions have 

photoluminescence quantum yield (PL QY) that is close to 1, meanwhile PL QY is 
much lower for high molecule concentrations [1]. The phenomenon in which the 
fluorescence QY of molecules strongly decreases with an increase in their 
concentration is called concentration quenching. Concentration quenching could 
have negative effects on system or instrument performance, so it is important to 
understand the underlying physical action mechanism. For organometallic 
compounds, such as chlorophyll (Chl), this phenomenon is particularly interesting 
due to its role in photosynthetic complexes. However, there is no clear model that 
would explain concentration quenching. 

The aim of the study was to examine the concentration effects on Chl-a 
molecules in different polarity solvents. For this investigation, absorption and 
fluorescence spectra and fluorescence decay kinetics were measured. Chl-a 
solutions were obtained by dissolving molecules in toluene and dimethylsulfoxide 
(DMSO). 

For Chl-a solutions in toluene, with increase of concentration, the ~730 nm 
fluorescence band shift to 705 nm is observed, also, the intensity of the main 
fluorescence band at ~670 nm decreases. For Chl-a molecules in DMSO, there is 
no shift for 730 nm band, however, the same decrease in intensity for 670 nm band 
is observed. For samples in both solvents, fluorescence decay kinetics are 
quenched. No quenching is observed for 0.02–1 mM concentrations, while for 
higher concentrations, the fluorescence lifetime is lower by 2–3 times. 

 
Keywords: chlorophyll a, concentration quenching. 
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Biomass-derived carbons have emerged as promising potential alternatives 

to conventionally produced carbon-based catalysts. They hold great promise as a 
renewable source of sustainable carbon materials for the next generation of 
energy storage and conversion systems. Biomass is a hot carbon precursor in 
terms of its renewability, earth-abundance, environmental friendliness, low-cost, 
non-toxicity, sustainability, ease of production, and the variety of heteroatoms (N, 
P, S etc.) in its intrinsic composition. Here, we present a simple strategy for the 
synthesis an efficient non-noble metal-based carbon catalyst. First, a biomass-
based activated carbon material (AWC) was synthesized using a birch wood as 
the raw material. Then, nickel and nitrogen were co-doped in one step using the 
reaction mixture containing Ni2+ ion source, AWC, and dicyandiamide (DCDA) in 
dimethylformamide (DMF). DMF was evaporated and the mixture was treated for 
60 min at a temperature of 800ºC. Detailed physicochemical analysis of the newly 
prepared catalyst was carried out using ICP-OES, XRD, XPS, SEM-EDS, TEM, 
BET, and Raman spectroscopy. It was found that the synthesized AWC-Ni-N 
contained approximately 1.12 at.% of Ni and 98.88 at.% of C. The electrocatalytic 
activity of the AWC-Ni-N catalyst towards the electrooxidation of hydrazine (N2H4) 
was evaluated using cyclic voltammetry by recording cyclic voltammograms in 1 M 
KOH solution containing different concentrations of N2H4 in the potential range of 
-1.2 V to 0.2 V (vs. SCE) at an electrode potential scan rate of 50 mVs-1. AWC-Ni-
N exhibits excellent activity and stability for the electrooxidation of N2H4 and 
appears to be a promising anode catalyst for direct hydrazine fuel cells (DHFC). 
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