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INVESTIGATION OF MICROBIAL BIOFUEL CELL BASED ON
SACCHAROMYCES CEREVISIAE MODIFICATION

Kasparas Kizys', Domas Pirstelis?, Inga Morkvénaité-Vilkonciené!
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2Vilnius University, The Faculty of Chemistry and Geosciences Naugarduko 24, LT- 03225 Vilnius

Microbial fuel cells (MFC) can purify water,
generate electricity, or be used as a biosensor [1].
However, due to their low current density,
practical application is very limited. In this
research, we present improved Bakers’ yeast (S.
cerevisiae) containing MFC modified with
polypyrrole (pPy) in the presence of 9,10-
phenanthrenequinone (PQ).

PQ acts as a redox mediator, transferring
electrons through the yeast membrane, thus
resulting in greater membrane charge
permeability while only slightly halting the
growth of yeast [2]. For further improvement of
MFC, yeast cells were modified with a conductive
polymer pPy, which was synthesized by taking
advantage of yeasts’ metabolism reactions. pPy
enhances electrical charge transfer from the
microorganism to the electrode and, in addition,
does not harm the yeast cell [3].

Several PQ-covered graphite electrodes (Fig. 1) -
unmodified, covered with regular yeast, covered
with pPy modified yeast, and, as “final form”
modification, yeast modified by pPy with added
gold nanoparticles - were evaluated in a glucose/
potassium hexacyanoferrate solution after 20 min
of incubation. The performance of electrodes was
evaluated by voltametric measurements, which
were calculated to represent power density.
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Several resistors were used during the measure-
ment, and the best performance was representted
with a 10 kQ resistor. In glucose/potassium hexa-
cyanoferrate solution, the unmodified electrode did
not exhibit any mentionable power density, less
than T mW/mz. The yeast-covered electrode had a
substantially higher power density of 5,4mW,/m2,
while the modified yeast with nanoparticles-
covered electrode had the greatest peak of
power density: 28,9mW/m2 - 5,35 times more
than the regular yeast electrode.

From this, we can conclude that covering a
graphite electrode with PQ, Ppy, and nanoparticles
yeast increases its effectiveness by 5,35 times,
yielding higher values of the power density of the
MFC, in comparison to results in covering the
electrode with PQ and bare yeast only.

Fig.1. Composition of “final form” electrode: 1)
Porous microfilm; 2.) Yeast, covered with Ppy and

added gold nanoparticles; 3.) PQ layer; 4.) Layer of
isolator.
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CLUSTERING OF SECOND HARMONIC GENERATION MICROSCOPY
IMAGES OF COLLAGEN CAPSULES OF THYROID NODULES

Yaraslau Padrez, Lena Golubewa, Igor Timoshchenko,
Danielis Rutkauskas

Center for Physical Sciences and Technology, Department of Molecular Compound Physics
Saulétekio av. 3, LT-10257 Vilnius, email: yaraslau.padrez@ftmc.It

Papillary thyroid carcinoma (PTC) is one of the
most common endocrine tumors. Some PTCs can
be totally or partially surrounded by a capsule,
which consists predominantly of collagens of
fibrillar structure. During the disease, the
structural and textural features of collagen can
change significantly. These changes can be
revealed by second harmonic generation (SHG)
microscopy. Collagen fibers have a non-
centrosymmetric structure, are characterized by
high hyperpolarizability at a microscale, non-
linear susceptibility of harmonophores at a
macroscale, which creates favorable conditions
for emitting SHG. SHG microscopy is a label-free
technique as the SHG originates intrinsically from
collagen fibers themselves making it a more
acceptable technique than, e.g., fluorescence
microscopy which requires additional staining.

To determine characteristic structural changes, it
is necessary to process many textural parameters
that can be extracted from SHG microscopic
images of collagen. However, texture analysis of
big sets of SHG images is often limited by heavy
computation and interpretation of the results is
often problematic. Implementation of the
machine learning-based models can significantly
speed up and improve data analysis. In the
present research unsupervised machine-learning
techniques supported by principal component
analysis were applied to big datasets of texture-
and intensity-based features extracted from SHG
images of whole PTC nodules. The main goal of
this analysis was to reveal specific changes in
collagen structure along the capsule surrounding
PTC, that could indicate the capsular invasion or
the formation of prerequisites for capsular
invasion in any parts of the collagen capsule.

The data sets of SHG images of collagen
capsules of PTC nodules were accumulated on
the custom-made wide-field SHG microscope as
described in [1]. Image texture analysis was
performed to extract features that were further
used to classify images based on their
characteristics. However, algorithms of feature
extraction sometimes fail in discriminating
between specific textures [2], and simultaneous
implementation of several methods of feature
extraction is needed for proper data
classification and further analysis. In the present
study, three texture analysis algorithms based on
the diverse statistics were used, including: first
order statistic, second order statistic (based on a

gray level co-occurrence matrix) and high order
Statistic (based on a gray level run length matrix)
[3]. As a result, sets of 34 intensity- and texture-
based features were created for each SHG image
out of 20736 images that make up whole PTC
nodules. Pearson’s correlation and principal
component analysis were applied to reduce the
dimensionality of the space of features extracted
from SHG images. The first four principal
components (PCs) explaining 93% of data
variance were used for further data classification.
K-means clustering based on four PCs was used
to discriminate PTC collagen capsule from
surrounding tissue and then to divide collagens
composing PTC capsule into subclusters. The
initial clustering revealed eight clusters: clusters
corresponding to data outliers (3), cluster relating
to glass slide supporting the tissue sections (1),
cluster possibly related to inflamed tissue (1),
cluster corresponding to adjacent tissue (1) and
clusters specifically related to collagen capsules
surrounding the PTC nodule (2). Subsequently,
collagen-related clusters isolated at the first
stage of analysis were classified again to reveal
tiny changes along the capsule. According to
clustering efficiency metrics, four subclusters
composing the capsule itself were extracted.
Each subcluster is characterized by specific
intensity- and texture-based sets of features,
explaining structural characteristics of collagen
related to different areas of the capsule.
Subcluster C1 represents the internal part of the
capsule and corresponds to the tightest collagen.
Subcluster C2 forms the largest part of the
capsule, C3 relates to less integral and sparse
collagen. Subcluster C4 characterizes collagen
fibers around normal thyroid follicles. Regions of
interest annotated by medical experts as cites of
invasion  consisted predominantly of C2
subcluster, with some inclusion of C3/C4 and
almost total absence of CI1 cluster. The obtained
results may simplify diagnostics by machine
learning based identification of pathological
changes in collagen structure and provide
prognosis of capsular invasion in cases when it is
not detectable by conventional histopathology.
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ELECTROCHEMICALLY-DRIVEN MOLECULARLY IMPRINTED
POLYMER-BASED SENSOR FOR DETECTING THE NUCLEOCAPSID
PROTEIN OF SARS-CoV-2
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This is a comparative study of the utility of three
different molecularly imprinted polymer (MIP)
systems. These MIPs are based on polypyrrole with
SARS-CoV-2 nucleocapsid protein templates.
Notably, the nucleocapsid proteins are more
structurally stable by a relatively low propensity for
mutation compared to other SARS-CoV-2 antigens
[11. Such structural stability makes them an
attractive target for diagnostic assays.

The three MIP systems examined in this study
were based on screen-printed carbon electrodes
(SPCE) modified with gold or platinum nano-
structures.

Pulsed amperometric detection (PAD) was used
to evaluate the three MIP systems. PAD is an
electrochemical technique known for its label-
free detection capabilities, eliminating the need
for additional redox probes [3].

To evaluate the performance of each MIP system,
calibration curves were constructed to quantify
the response of the sensing systems to varying
concentrations of SARS-CoV-2 nucleocapsid
protein. In parallel, non-imprinted systems were
included as controls to assess nonspecific binding,
which is a critical factor in sensor development.
The study included the determination of analytical
parameters such as limits of detection (LOD) and
guantitation (LOQ) for the MIP1 system.

To confirm the specificity of the MIP1 system, a
specificity test was performed using the
receptor-binding domain of the SARS-CoV-2
spike protein as a control.

In conclusion, the most suitable and specific MIP-
based sensor identified in this study is the MIP1
based on gold nanostructures. Continued
research and development in this direction offer
the potential for enhanced sensor applications in
real sample analysis.

Acknowledgements: This project has received funding
from the European Regional Development Fund
(project No. 13.1.1-LMT-K-718-05-0033) under a grant
agreement with the Research Council of Lithuania
(LMTLT). Funded as the European Union’s measure in
response to COVID-19 pandemic.
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Proteins’ structural characteristics severely
affect their functionality, stability, and
interactions with other molecules (1). Extensive
research has been conducted on the impact of
physical and chemical factors such as ultrasound,
temperature, pH, and high pressure on protein
conformation (2). Epigallocatechin-3-gallate
polyphenol (EGCG) provides many health
advantages (3, 4) and the binding between
bovine serum albumin (BSA) and EGCG can
improve the stability of EGCG and the functional
properties of BSA. The study aimed to study the
effects of nanosecond pulsed electric field
(nsPEF) in altering the structure and
physicochemical properties of BSA and its
binding with EGCG.
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Effects of nsPEF (0-20 kV/cm) on the particle
sizes and ¢-potential of BSA (B) and BSA/EGCG
mixtures (BE).

NnsPEF increased the o-helix content, particle
sizes, absolute (-potential, and surface
hydrophobicity values of BSA. Moreover, the
addition of EGCG to nsPEF-induced BSA resulted
in a significant increase in particle sizes of BSA
and a decrease in fluorescence intensity and
surface hydrophobicity. nsPEF treatment of
BSA/EGCG mixtures induced changes in BSA
structures as confirmed by Raman FTIR
spectroscopy. Raman’'s results showed that
nsPEF induced changes in protein structure,
mainly in S-S and S-C bonds. Changes in amide 1
region was observed in FTIR spectra of nsPEF-
induced BSA/EGCG mixtures. Moreover, nsPEF
improved the particle sizes, absolute ¢-potential
values and UV-vis absorbance intensity while
reducing the surface hydrophobicity values.
Molecular docking confirmed that BSA can bind
with EGCG at specific active sites on both
molecules. It is recommended to study the
stability of nsPEF-induced BSA/EGCG mixtures
under different conditions (i.e., light, temperature,
digestion system conditions, etc.) as a primary
step to prepare EGCG-encapsulated functional
food products.
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INVESTIGATION OF S. CEREVISIAE PLASMA MEMBRANE AND CELL
WALL INTERACTION AFTER PEF TREATMENT
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Saccharomyces cerevisiae are viewed as a
prototype of eukaryotic cells, ideally suited for
use in studies of many phenomena of eukaryotic
life. Yeasts are surrounded by a cell wall, which
provides them with protection. Pulsed electric
field (PEF) treatment is known to cause plasma
membrane permea- bilization, an effect known as
electroporation. However, the dynamic of cell wall
and plasma membrane interaction during and
after PEF treatment is a still unanswered question.
Our previous work used tetraphenylphosphonium
bromide [TPPBr] to measure the kinetics of yeast
cell wall recovery after PEF treatment [1]. This
study aims to expand the fundamental knowledge
about plasma membrane and cell wall dynamic
and recovery after PEF treatment.

The use of a potentiometric ion-selective
electrode is a convenient method for the
quantitative evaluation of the permeability of the
yeast cell wall and membrane. In this study we
have constructed an ion selective electrode by
adapting Zimkus et. al. methodology [2]. Then, we
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have employed a wild type (WT) and a mutant
strain derived from WT, MNNTI, to measure cell
wall recovery via TPP* ion uptake by
electroporated yeast cells’. PEF parameters: single
square pulse, duration of 150us and field strength
of 2.9, 4.5 or 5.9kV/cm.

We have found that non-electroporated WT cells
can absorb a maximum of about 2uM and MNNTI
about 1,5uM (Fig. 1. a,b). PEF treatment did not
impact the maximum absorbtion, but it
significantly reduced the time of TPP* absorbtion.
The higher electric field strength we applied, the
faster TPP* absorbtion happened. Furthermore,
we measured cell wall recovery after PEF. What
we found is that cell wall behaves in a similar
fashion as plasma membrane does, but the time it
takes to recover is slower (Fig. 1. c,d).

Further work includes measuring plasma
membrane potential changes by employing a
DisC3(3) fluorescence probe to further investigate
PEF effect on the yeast cell exterior.
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Fig. 1. TPP* absorbtion of a. WT and b. MNNI11 yeasts; cell wall recovery
after PEF treatment of c. WT and d. MNNT1 yeasts.
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ZINDUOLINIU LASTELIU ELEKTROPORACIJOS MIKROFIZIOLOGINE
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Elektroporacija - tai metodas, keiciantis Igsteliy
membranos pralaidumas lasteles veikiant impulsiniu
elektriniu lauku (PEF). |prastai PEF poveikis
vykdomas kiuvetéje su jterptais elektrodais,
naudojamos komercinés kiuvetés. Vis délto, Igstleles
veikiant PEF kiuvetéje jskaitant elektrinio lauko
iSkraipymai, lokalaus pH svyravimai, vyksta pernelyg
didelis Silumos iSsiskyrimas ir metaly jony istirpimas,
dél kurio sumazéja elektroporacijos efektyvumas ir
lasteliy gyvybingumas'. Siekiant jveikti $iuos
trakumus, jprastiné impulsinio elektrinio lauko (PEF)
technologija buvo perkelta | mikroskopinj mastg ir
integruota j mikrofluidinius prietaisus 2.
Mikrofluidinés sistemos yra keliy rGsiy: organas ant
lusto (OoC) ir mikrofiziologiné sistema (MPS) ir
laboratorija ant lusto (LoC). OoC ir MPS yra artimos
paskirties prietaisai, taciau MPS iSsiskiria tuo, kad
pacCiame prietaise yra dar ir integruotos sistemos
fiziologiniy parametry stebéjimui.

Mikrolusty gamybai placCiai yra naudojama soft-
litografijos technologija su polidimetilsiloksanu
(PDMS). Vis délto PDMS pasizymi ir mikrofluidikai
netinkamomis sgvybémis, vienas kuriy yra mazy
molekuliy absorbcija. Kaip alternatyva PDMS, gali bati
naudojamas nestechiometrinis tiol-enas (OSTE),
iSlaikantis esmines mikrofluidikos savybes, tokias
kaip skaidrumas, biologinis suderinamumas ir kt. 3.

Electrodes, Oxygen

O O sensor 2 22 mm each sensor 1
@3 mm @3 mm

B

1 pav. Schematinis mikrolusto pjavis.

pH sensing area, 1 mm width

Oxygen sensors
pH sensor

fh,
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Microchip\
2 pav. Schematinis MPS pavaizdavimas.

Mes pagaminome mikrofluidinj lustg soft litografijos
technologija panaudojant OSTE, pats mikrolustas
yra padarytas mikroskopinio stiklelio formatu. Sis
mikrolustas turi kanale integruotus elektrodus Igsteliy
elektroporacijai bei TEER matavimui bei du deguo-
nies sensorius (pav.l). Visas surinktas MPS prietaisas
turi papildomus prijungtus adapterius deguonies
koncentracijos perdavimui bei pH matavimui.
Pagamintame mikroluste buvo atlikti zinduoliy
lasteliy PEF eksperimentai, jvertinant Iasteliy
pralaiduma ir gyvybinguma. Rezultatai patvirtino
PEF sukeltg pralaidumg fluorescuojanCiam dazui
Dapl vykdant sustabdytos tékmés PEF (3 pav.),
taCiau lasteliy gyvybingumas nesiskyré nuo
kontrolinés nepaveiktos imties veikiant Igsteles
1,8-10 kV/cm elektriniu lauku. Matuojant fiziologinius
parametrus, deguonies koncentracija padidéjo
meéginiuose apdorojus PEF, tuo tarpu nesant PEF
poveikio, deguonies koncentracija sumazéjo, kas
sietina su lasteliy kvépavimo metu sunaudotu
deguonimi. Matuojant pH, nustatyta, kad po PEF
poveikio pH pasislenka j Sarmine puse. Taip pat buvo
atlikti TEER matavimai ir pademonstruota galimybé
TEER stebéjimui eksperimenty metu.

Atlikti tyrimai patvirtino kad miasy koncepciné
technologija veikia ir pagamintas MPS yra tinkamas
zinduoliy lasteliy elektroporacijai su deguonies
koncentracijos, pH ir TEER stebéjimu in situ.
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3 pav. Pralaidumas DAPI po poveikio PEF su jvairiais
elektriniais laukais, 100 us, 1 Hz. Fluorescencijos inten-
syvumas iSreikStas santykiu nuo neelektroporuotis
kontrolés kiekviename elektriniame lauke.
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UNCOVERING NOVEL EFFECTS OF COMBINED PLASMA
AND PULSED ELECTRIC FIELD (PEF) TREATMENTS ON ALGAE CELLS:
INSIGHTS INTO CELL DEATH MECHANISMS
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The combination of plasma and pulsed electric field
(PEF) treatment allows for enhanced cell inactivation
above that achieved by PEF treatment alone [1-3]. This
promising effect is suggested to be associated with the
oxidation of membrane lipids by plasma-generated
radicals, resulting in compromised membrane integrity,
which facilitates PEF-induced pore formation. Recent
studies have also demonstrated that the combined
treatment of plasma and PEF can induce various
mechanisms of mammalian cell death, including
apoptosis, autophagy, pyroptosis and ferroptosis [2].
However, there is a lack of research investigating the
effects of combined plasma and PEF treatment on
microalgae. Therefore, the aim of our study was to
investigate the effect of a combination of plasma and
PEF on Chlorella vulgaris cells. We focused on the
initiation of cell membrane permeabilization and its
downstream effects, including cell death mechanisms
and the release of valuable intracellular compounds.

To achieve our research objectives, we used sliding arc
discharge and PEF technologies to treat the freshwater
alga C. wulgaris. Plasma was generated using
compressed air at a flow rate of approximately 22.8
L/min, with an electrode-to-suspension distance of 30
mm, a treatment duration of 300 s, a plasma generator
voltage of 50 to 250 V and a frequency of 270 kHz. The
PEF treatment consisted of 10 ys pulses, varying from 1
to 10 pulses, with a repetition rate of 1Hz and an electric
field strength of 24-25 kV/cm. Subsequent assessments
included evaluation of electrical conductivity, cell
permeability, DNA leakage and secreted protein
concentration in the algal suspension. We used
untreated and ultrasonically disrupted algal suspensions
as negative and positive controls, respectively.

The findings showed that increasing the plasma
generator voltage led to higher levels of long-lived
NO2/NO3z radicals generated by the air plasma
discharge, resulting in an almost twofold increase in
suspension conductivity. However, there was no
significant change in pH. In terms of cell permeability,
plasma treatment alone induced permeability only at
the highest voltages (above 210 V), whereas PEF
treatment induced increased permeability in proportion
to the number of pulses applied. In addition, cell
permeability assessments after 24 hours showed that
PEF treatment led to DNA leakage, whereas plasma
treatment alone rendered cells permeable but did not
lead to DNA leakage. When plasma and PEF were
combined, two different effects on cell permeability
were observed. When the plasma voltage was below
170 V, the combined treatment produced the same
effect as PEF alone, with cell permeability and DNA
leakage. However, when the plasma voltage exceeded
210 V, cell permeability increased without DNA leakage.

More unexpectedly, this strong plasma and PEF effect
also resulted in a reduced release of soluble proteins
from C. vulgaris.
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Fig. 1. Plasma and PEF treatment-induced changes in
SYTOX green fluorescence in cell suspension and super-
natant after 2 h and 24 h of incubation. The applied voltage
of the plasma generator was 130 V (A) and 250 V (B).

These results reveal undescribed effects of the
combined effects of plasma and PEF on algal cells and
highlight the need for more detailed analysis to explain
the mechanisms of the combined effects before they
are applied.
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MENADIONO |[TAKA MIELIY LASTELIY MECHANINEMS SAVYBEMS
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Gyvy lgsteliy mechaniniy savybiy nustatymas is
atominés jégos mikroskopijos (AFM) jégos-
tamprumo modulis priklauso nuo taikomo
matematinio modelio. Patikimesnius rezultatus
galima gauti naudojant baigtiniy elementy
modelius. Siame darbe skirtingy mechaniniy
savybiy turin¢ios mieliy lgstelés buvo iSmatuotos
AFM. Norint pakeisti Iasteliy mechanines savybes,
mielés buvo veikiamos menadiono, kuris pakeité
lasteliy membrany tampruma. Sie duomenys bus
panaudoti visos lgstelés 3D baigtiniy elementy
modeliui, skirtam apskaiciuoti reakcijos jéga, kai
AFM adata spaudzia lgstele, atkartojant realy
eksperimenta. Darome prielaida, kad modelis gali
gauti informacijos apie lasteliy mechanines
savybes, lgsteliy membrany atsaka, adatos su
membrana kontakta, lastelés jtvirtinimo bldo
jtaka ir adatos spaudimo lokacijos Igsteléje jtaka
nustant lgstelés mechanines savybes.

Atominés jégos mikroskopija (AFM) yra vertinga
gyvy lasteliy tyrimo priemoné [1]. Lasteliy
elastines savybes, adhezija, membranos
hidrofobisSkuma ir morfologinj tyrimg galima
atlikti AFM [2, 3].

Pavieniy lasteliy mechaniniy savybiy tyrimai rodo,
kad vézinés lgstelés yra ,minkstesnés”, labai
deformuojamos, o tamprumo modulis yra
mazesnis nei sveiky [4]. ISmatuotos Iasteliy
membrany mechaninés savybés priklauso nuo
matavimo salygy, tokiy kaip lasteliy fiksacija,
aplinkos aplinka (tirpalas arba oras), temperatira,
matavimo laikas, skenavimo greitis, zondo
geometrija, taikoma jéga, matavimo budas,
adatos kokybé ir méginiy paruosSimo procediros
[5]. Todél paprastai AFM rezultatai vertinami
lyginant; apvyzdziui, sveikos lgstelés - vézinés,
vézinés - vaistais gydomos ir pan.

Tamprumo modulis lgstelei skirtingomis
eksperimentinémis salygomis gali bati nustatytas
matuojant jégos-atstumo priklausomybes ir taikant
matematinius modelius. Kelios teorijos apraso
tampriaja bandinio deformacija. Sias teorijas sukaré
Hertz [6], Johnson-Kendall-Roberts (JKR) [7] ir
Derjaguin-Muller-Toporov (DMT) [8], Snedonas [9,
10]. Kiekvienas i$ modeliy turi trakumy (pvz.: néra
jvertinamas efektyvus kontakto plotas Snedono
modelyje), todél jiems nustatyti taikomi baigtiniy
elementy modeliai [11]. Nustatytas reikSmingas
skirtumas tarp kepeny karcinomos Iasteliy
matavimo rezultaty su sferinémis ir kdginémis
adatomis; buvo nustatyta, kad tamprumo modulis
yra atitinkamai 15,0+3,2 kPa ir 52,7+5,3 kPa [12].
Autoriai padaré iSvada, kad Hertz-Sneddon

modelis negali paaiskinti Siy rezultaty; o taikant
baigtiniy elementy modelj buvo gauta atitinkamai
8,52 kPa ir 7,44 kPa naudojant klgio ir sferos
formos adatas.

Taigi, baigtiniy elementy modeliai gali bati
patikimesnis blddas nustatant gyvy Igsteliy
mechanines savybes.
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DEVELOPMENT OF LATENT ELECTROCHEMICAL REDOX PROBE
FOR DETECTING VANIN-1IN BLOOD AND CELLS
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The Vanin-1 enzyme is an important enzyme that
plays a significant role in various biological
processes. Vanin-1 is an extracellular enzyme
widely present in mammalian and avian tissues
and is expressed on the cell surface by
glycosylphosphatidyl alcohol (GPL) anchoring in
epithelial cells [1]. It is a member of the vanin
family of enzymes and is found in various tissues
and organs, including the liver, kidney, intestine,
and immune cells, and is closely associated with
a number of diseases [2]. This enzyme is involved
in the metabolism of pantetheine, a precursor of
coenzyme A. Vanin- 1 catalyzes the hydrolysis
of pantetheine into pantothenic acid and
cysteamine, which are essential molecules in
cellular metabolism and also participates in the
synthesis of glutathione (GSH) [2]. GSH is highly
expressed in tumor cells and plays a significant
role in the resistance of tumor cells to cisplatin.

In recent years, many studies have intensely
elucidated the latent role of pantetheinase in
relation to inflammation and diseases. For
example, Vanin-1 knockout mice showed higher

References:

susceptibility to drug-induced hepatic injury and
a decreased capacity to detoxify xenobiotics,
suggesting enzymic protective effects.
Moreover, pantetheinase has displayed a
promising capacity as a disease marker since it is
upregulated in the early phase of kidney injury
and inflammatory bowel diseases [3]. However,
the exact cellular mechanism of this enzyme
remains poorly understood, largely due to the
lack of a proper method to detect its distribution
and expression in living cells. Therefore,
developing an in situ analytical method for
pantetheinase in biosystems is urgently needed.
Several methods exist to detect Vanin-1, such as
ELISA, fluorescence, and direct cysteamine
testing. However, these methods are not
"convenient” for rapid detection of the Vanin-1
enzyme due to long and complicated sample
preparation, testing, or indirect detection. Our
studies aim to synthesize the latent
electrochemical redox probe, which would be
easy to use and rapidly detect the small amount
of the enzyme Vanin-1in the blood and cells.
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CHARACTERIZATION OF THE UROTENSIN-II PEPTIDE BY
NANOPARTICLE-ENHANCED RAMAN SPECTROSCOPY
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Surface-enhanced Raman spectroscopy (SERS)
provides opportunities on investigation of
biomolecules in small concentrations and in
molecular level, which gives unique information
about its bonding, orientation, and interaction
with the environment. This information s
especially useful for fundamental studies on
biological systems, such as biocatalysis or
receptor acceptor interaction through metal ion.
Urotensin Il (U-II) is vasoconstrictor that is widely
distributed in numerous organs of different
animal species and affects many physiological
and pathophysiological activities, which makes it
a promising target for potential drug
development [1].

Unfortunately, the precise mechanism of U-II
interaction with its receptor is unknown and
there was no SERS studies performed on
urotensin peptides as well.

In this study, we investigated U-Il adsorption
with silver surface by SERS. According by our
data the U-Il adsorbs on silver surface through
the indole ring of the L-tryptophan residue and
phenyl ring of the phenylalanine (Fig. 1).
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Fig. 1. Comparison of the Raman (A) and SERS (B) spectra of U-II
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A COMPARATIVE STUDY OF BIMETALLIC NICKEL-
MANGANESE/TITANIUM BIFUNCTIONAL ELECTROCATALYSTS FOR
ALKALINE FRESHWATER AND SIMULATED SEAWATER SPLITTING
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Herein, we demonstrate a facile synthesis of
bimetallic nickel-manganese (NiMn) alloy
electrocatalysts supported on a titanium (Ti)
substrate (1x1 cm?) using an electrochemical
deposition through a dynamic hydrogen bubble
template technique and report their bifunctional
electrocatalytic performance for hydrogen
evolution reaction (HER) and oxygen evolution
reaction (OER) in alkaline media (1 M KOH) as
well as in simulated seawater (1 M KOH+0.5 M
NaCl).

The polarization curves of the prepared NiMn/Ti
catalysts were recorded both in alkaline
freshwater and simulated seawater at a potential
scan rate of 10 mV s and a temperature range
from 25 up to 65°C. The fabricated NiMn/Ti-5
electrocatalyst with Ni?*/Mn?* molar ratio of 1.5
exhibits excellent HER activity in alkaline media
witha low overpotential of1271mV whereas,

in simulated seawater, the NiMn/Ti-5
electrocatalyst demonstrates a superior HER
activity with an ultra-low overpotential of only
64.2 mV to reach the benchmark current density
of 10 mA cm™. On the contrary, the as-prepared
NiMn/Ti-1  electrocatalyst  with NiZ2*/Mn%*
proportionality of 1:1 and the lowest Mn-loading
of 13.43 pgcm™ demonstrates exceptional OER
activity with the minimum required
overpotentials of 356.3 mV in alkaline media and
371.4 mV in simulated seawater to reach a current
density of 10 mA cm™. These catalysts have also
exhibited excellent long-term stability at the
constant potential and constant current density
of 10 mA cm™@ assuring their robustness and
higher durability in both electrolytes.
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MIP FORMAVIMAS ELEKTRAI LAIDAUS POLIMERO PAGRINDU
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Molekuliy jspaudais modifikuoti polimerai (MIP)
yra tokios unikalios struktlros sintetinamos
siekiant atlikti atrankia tiksliniy molekuliy analize.
Jy veikimo principa galima apibldinti ,rakto ir
spynos” atitikmeniu. MIP gali bati pritaikytas
vaisty pernasos sistemoms, méginiy gryninimui ir
jutikliams kurti. MIP principas apima polimery
struktdry kdrima su specifinémis Sabloniniy
molekuliy jspaudy vietomis, kurios imituoja
tikslinés molekulés forma ir leidzia pasirinktinai ja
atpazinti ir uzfiksuoti (Pav.1) [1-2].

Nors jutikliy sandaros blna jvairios, polimerai
jutikliui gali suteikti didelj atrankuma, jautruma,
ilgalaikj stabiluma, pritaikomuma jvairioms
molekuléms, bei pakartotinj naudojima.

Elektrai laidls polimerai, tokie kaip polipirolas,
polianilinas, gali bati polimerizuoti ne tik
cheminiais, bet ir elektrocheminiais metodais,
taip  kontroliuojant nusodinamo  sluoksnio
savybes [1,3]. Polipirolas yra vienas i$ dazniausiai
naudojamy elektrai laidziy polimery jutikliy
gamyboje, o jo peroksidavimas suteikia galimybe
lengviau pasalinti Sablonines molekules,
jsiterpusias sluoksnyje [4].

Siame tyrime pristatomas modelinés MIP
sistemos pritaikymas mazos molekulinés masés
junginio analizei. Nesudétinga sintezé, greitas
nustatymas ir MIP grjsty jutikliy pritaikomumas
jvairioms molekuléms suteikia puikias ateities
perspektyvas farmacijos, biomedicinos, aplinkos
tyrimy bei kitose srityse, kuriose reikalinga
méginiy analizé.

Trukdziai ﬁf ¥

Analité =

Monomeras @

Pav.1. MIP paruosimo schema: (1) Sabloniniy molekuliy
jspaudimas ir tada jy iSplovimas; (2) analités aptikimo
procesas tiriant méginj [2].
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CNC-BASED BINDERS FOR AQUEOUS NA-ION BATTERIES
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In  recent times, growing environmental
awareness has redirected scientific focus
towards the creation of innovative, sustainable
energy storage solutions that are
environmentally friendly and safe for operation.
The most thoroughly investigated and ever-
advancing technology, lithium ion batteries
(LIBs), despite their high energy and power
densities, suffer from lithium’s scarce presence in
geopolitically sensitive areas and highly unstable
prices.! As a result, sodium ion batteries (SIBs),
especially their aqueous counterparts, have
emerged as a promising alternative to LIBs due
to sodium’s superiority in terms of abundance in
nature and elimination of highly toxic and
flammable organic electrolyte.?

A typical SIB electrode consists of electrode
active material, a conductive carbon and a
polymeric binder.? In many instances, binders do
not vyield any electrochemical advantages.
Instead, they play a crucial role in connecting
electrode components and ensuring adhesion to
the current collector. The extensive studies have
shown binding materials to influence ageing,
capacity retention and Coulombic efficiency of
an electrode* Currently, most of the water-
based battery electrodes are processed using
fluorine-containing polyvinylidene fluoride
(PVDF). Although this predominant binder offers
undeniable benefits, including excellent
mechanical properties and resistance to
oxidation-reduction, it is accompanied by
several safety and environmental risks. The
primary concerns stem from the inclusion of
organic solvents, particularly the highly toxic N-
methyl-2-pyrrolidone (NMP), in electrode
formulations. Transitioning to agueous electrode
processing methods and the use of non-toxic
polymeric binders would represent a significant
stride towards the creation of genuinely
sustainable solutions for electrochemical energy
storage. ®

Nanocellulose, with its potential for robust
structural  stability, versatile modification
possibilities and straightforward extraction from
natural sources, appears to be a promising
alternative to PVDF in electrode production.
Numerous significant benefits of nanocellulose
include reduced manufacturing expenses,
simplified disposal, and enhanced binding due to
the presence of hydroxyl groups. Past research
has successfully demonstrated the potential for
crosslinking through esterification, connecting
the carboxylic groups of citric acid with the
hydroxyl groups in cellulose.®

The aim of this study is to establish a fast,
noncomplicated and inexpensive procedure for
fabrication of water-insoluble electrode film
using nanocellulose and as a polymeric binder. The
effect of crosslinking cellulose with glutaraldehyde
and citric acid (CA) and subsequent treatment is
investigated. Electrode properties such as
elasticity, swelling, hydrophobicity and stability in
agueous electrolyte are characterized. The OR
potentials of prepared electrodes and
electrochemical activity of binder are evaluated
by cycling voltammetry and the cycling stability
of nanocellulose based electrodes was
investigated by charge/discharge galvanostatic
cycling in three-electrode cells where working
and counter electrode are separated by a 1M
NaNO3 salt bridge.
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TO DETERMINE THE REAL SURFACE AREA OF POROUS Cu 3D
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The production of hydrocarbons in CO;
reduction using Cu electrodes has caused
significant interest due to its high Faradaic
efficiency and selectivity. The length scale at
which the surface operates determines the active
surface area required for specific applications. In
electrochemical reactions, the key parameter is
the electrochemically active surface area (ESg)
responsible for transferring charge to the species
in the solution [1]. The extent to which the
electrolyte can enter the pores and be impacted
by the surface roughness is a determining factor.
An exact assessment of the surface roughness of
porous electrodes is essential for comparing
different catalytic systems' behaviour. Precise
knowledge of this parameter is therefore of
significant  importance. Not all studies
concerning CO; electrochemical reduction on Cu
3D electrodes have given sufficient attention to
Sr evaluation, whilst others have employed
methods that are not necessarily applicable to
the case of porous electrodes [2]. As our study
is particularly interested in Cu ESgr values, we
have employed electrochemical techniques for
analysing the Cu 3D structure. Trassati and Petrii
[3] have provided a comprehensive summary of
a wide range of methods for the determination
of the real surface area in different materials.

Fig. SEM image of Cu 3D electrode surface
morphology.

The objective of this investigation was to
evaluate the suitability of  established
methodologies employed in actual surface area
measurement of Cu electrodes for the
examination of 3D Cu nanostructure. The
selected technique was also used to improve the
deposition conditions of 3D Cu nanostructured
electrodes.

The samples were analysed for their structural
features employing SEM and an optical profiler.
Further, electrochemical measurements were
carried out using cyclic voltammetry and
electrochemical impedance spectroscopy. The
electrochemically active surface area was
determined through underpotential deposition
(UPD) of Tl and Pb monolayers as well as double-
layer capacitance measurements. The results
demonstrate that both methods produce similar
outcomes for non-porous Cu electrodes. For Cu
3D nanostructures, however, the evaluation
method has a strong influence on the results. In
contrast to the UPD method, double layer
capacitance measurements show significantly
higher and more reliable values for the
electrochemically active surface area. The
primary explanation for the observed differences
is that the complex spatial framework of the 3D
Cu layer limits the formation of a uniform
monolayer during the UPD process [4].
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The particle number concentration (PNC),
particulate matter (PM1) and black carbon (BC)
mass concentration limits are not available from
standard air quality monitoring networks as well
as for indoor level standards in many countries
[1]. Total personal exposure is often
disproportionately afected by the relatively short
amount of time spent in office spaces and
commuting trips.

In this study, real-time measurements of PNC,
PM1, and BC mass concentrations in the office
and during commuting trips were performed to
assess real-time employee personal exposure.
Urban environments are very complex due to the
different emission sources and their emission
activities; therefore, a combination of mobile and
stationary measurements allows for a better
understanding of their dynamics and employee
exposure, constituting a better predictor of
health effects. Mobile measurements at the
street level showed that the BC mass
concentrations were the highest during peak
hours, reaching up to 7.14 pg/m3 at hotspots. The
hourly mean BC mass concentration in March
2022 at the urban background station ranged
from 0.30 to 9.01 pg/m3, with traffic-related BC
(BCtr) accounting for 66% of the total BC mass
concentration.

The highest minute deposition dose of BC
(MDDBC) occurred during the morning rush hour
at 53 ng/min and in the evening at 26 ng/min.
These findings reveal the impact of traffic
exhaust emissions on aerosol particles,
particularly on fine particles. Marked differences
were found between the MDDBC in the office
and the vehicle micro- environment. The
deposition dose in the office micro-environment
was 11 ng/min. The results from the multi-path
particle dosimetry model indicate that almost
half of the inhaled BC mass 39.2% was deposited
in the lowest part of the respiratory system, the
lung-pulmonary region.

25°00"E 2573007 E

S44T0"N

00N
Evening-Trip Mid-day-Trip Morning-Trip
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Fig. 1 Map of the study area indicating the fxed
sampling site (Center for Physical Sciences and
Technology FTMC1), the sub-ofce (Center for Physical
Sciences and Technology FTMC2), the home site, and
the mobile monitoring route (light blue) in Vilnius,
Lithuania.
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SEASONAL VARIATIONS OF AEROSOL BLACK CARBON
CONCENTRATION IN VILNIUS
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The significant impact of aerosol black carbon
(BC) concentration level on regional climate,
ecosystems and human health requires continuous
research for a comprehensive understanding of BC
and its implications [1] [2] [3].

The aim of the study was to investigate the
annual variation in BC mass concentration, to
identify seasonal dependencies and to determine
the irrelationship with meteorological factors
and air pollutants (NOyxand PMy).

The BC mass concentration sampling campaign
was conducted in the urban region of Vilnius.
Measurements were taken from 1 June 2021 to 31
May 2022. The aethalometer (A MageeScientific
Company Aethalometer model AE33) provided
continuous real-time measurements of BC mass
concentration. The hourly mean values of the BC
mass concentration were used for the analysis.
Theoptical transmission of carbonaceous aerosol
particles was measured sequentially at 7
wavelengths (A= 370, 470, 520, 590, 660, 880
and 950 nm), where the BC mass concentration
was derived from the light absorption coefficient
(ocap) at a 880 nm wavelength. Hourly mean of
primary meteorological parameters (tempera-
ture (T, °C), relative humidity (RH, %), wind
speed (WS, m/s), pressure (P, hPa) and wind
direction (WD, degrees)) and the mass
concentrations of main pollutants (NOxand PMyo)
were collected at the meteorological station
located~8.5 km away from FTMC.

The mean annual concentration of BCiota Was
0.89 pg/m3with a standard deviation (SD) of
0.99 ng/m?3. The average fractions of BCypy, for the
four seasons (summer, autumn, winter, and
spring) were 0.41, 0.22, 0.30, and 0.27,
respectively. The results indicate that the highest
BC level during all seasons were observed during
periods of calm wind(< 0.5 m/s), suggesting that
locally emitted air pollutants were not dispersed.
In this study, BC concentration was found to
have a positive relationship with NOyx (r = 0.64),
PMio(r = 0.36), P(r = 0.25) and RH (r = 0.07) and
slightly negative relationship with T (r = -0.30),
WS (r = -0.20), and WD (r = -0.11).The diurnal
summaries of BC concentration for each season
are shown in Fig. 1. The individual lowest average
for each day occurred in the summer.
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Figure 1. Box-plots showing BC seasonal variation
during weekdays for the whole sampling period
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The 2021 World Health Organization (WHO)
report highlights a global crisis: an astounding
99% of the world's population is exposed to air
quality that surpasses WHOQO's recommended
limits, burdened by elevated pollutant levels [1].
This persistent issue is most prominent in urban
areas, where a significant portion of fine
particulate matter (PM2s) comprises
carbonaceous aerosol particles [2]. These
particles, known as Black Carbon (BC), originate
primarily from combustion processes like biomass
burning and internal combustion engines, posing
severe health risks. To effectively tackle this
ongoing problem, it's imperative to gain a
comprehensive understanding of BC sources, their
scale, and source-specific concentrations,
especially in economically developing nations.
Raising awareness about this persistent
environmental crisis is the crucial first step
toward achieving sustainable development.

As part of the "Transdisciplinary Approach to
Mitigate Emissions of Black Carbon” (TAME-BC)
project, an extensive field study was conducted
in the urban areas of Metro Manila, Philippines.
This investigation carried out at two distinct
locations: the East Avenue roadside in Quezon
City (QCG site) and Manila's North Port (Port
site). During a three-month period from
December 2019 to February 2020, the research
focused on measuring the mass concentration of
equivalent black carbon (eBC) using a 7-
wavelength Aethalometer (AE-31). The primary
objective was to assess the extent of air pollution
in Metro Manila, with a specific emphasis on
identifying sources of eBC and examining
variations in mass concentration. Through a
detailed analysis of wavelength-dependent
absorption coefficients, the study revealed that
at the Port site, transportation-related sources
(eBCrr) and biomass burning (eBCgpg)
contributed approximately 86% and 14%,
respectively, to the total eBC mass. In the case of
Quezon City, these contributions were 80% and
20%, respectively (Fig. 1a, 1b).

Fig. 1c and 1d present a time series analysis
depicting the dynamic changes in light absorption
coefficients of equivalent black carbon (eBC) and
brown carbon (BrC) at port and QCG sites.

Notably, the light absorption coefficient of BrC at
370 nm (babs,BrC) displayed spatial variability,
ranging from 0.02 to 0.80 Mm™". At the port site,
eBC made a substantial contribution of 80%,
surpassing BrC 20%, while a similar trend was
observed at the QCG site, with eBC accounting
for 78% compared to BrC 22%.

The diurnal trend of eBCrr at both sites (QCG and
Port) showed higher mass concentration levels
during the morning hours (6-8h) and lower levels
during midday (11-13h). Similarly, eBCgg mass
concentrations exhibit a similar diurnal trend at
both sites, with higher concentration between 6-8h
and lower concentration between 11-13h (Fig. 2).
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Fig. 1. Time series and contributions of the hourly
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References

1. WHO Global Air Quality Guidelines. Coast. Estuar.
Process. 2021, 1-360.

2. Oh, H.J.; Ma, Y.; Kim, J. Human Inhalation Exposure to
Aerosol and Health Effect: Aerosol Monitoring and
Modelling Regional Deposited Doses. Int. J. Environ. Res.
Public Health, 17,1-2, (2020).



s g
&
N Z FzINg IR
TECHNOLOGIJOS MOKSLY

| /7% ; "3% CENTRAS

:‘ﬁz@eéh

ORO TARSOS SALTINIY KILMES NUSTATYMAS RECEPTORINIAMS
TASKAMS MIESTO IR KAIMO APLINKOSE
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Kristina Plauskaite-Sukiené’, Steigvilé Bycenkiené'
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Pasitelkus pazangias oro kokybés stebéjimo ir
modeliavimo technologijas, randama vis daugiau
jrodymuy, kad tolimoji oro masiy pernasa gali zymiai
prisidéti prie oro tarsSos padidéjimo jvairiose pasaulio
vietose. Tad zinios apie tolimosios oro masiy
pernasos indélj | oro kokybe padeda suprasti oro
tarSos pobdd] tam tikruose regionuose. Tai leidzia
planuoti naujas arba tobulinti esamas oro tarsos
valdymo priemones [1].

Pirmojo tyrimo tikslas - nustatyti 2014 m. sausio -
vasario mén. j Vilniy (54°38’' N, 25°10’ E, 197 m a.s.l.)
atkeliavusiy oro masiy, turéjusiy didesnes juodosios
anglies (BC) ir organiniy submikroniniy aerozolio
daleliy (OA) koncentracijas, trajektorijas ir poten-
cialius tarsos Saltiniy regionus. Antrojo tyrimo tikslas
- nustatyti | RGgsteliskj (55°27°'N, 26°00’E, 170 m
a.s.l.) atkeliavusiy oro masiy, turéjusiy didesnes OA
koncentracijas, trajektorijas ir potencialius tarsos
Saltiniy regionus, apimant pavasario - rudens sezonus
2013, 2014, 2016, 2018 ir 2019 m. Abiejy tyrimy tikslams
pasiekti buvo naudojami 72 valandy atgaliniy oro
masiy trajektorijy klasteriné analizé, potencialaus
Saltinio indélio funkcijos (Potential Source Contribu-
tion Function, PSCF) ir koncentracija normuotos
trajektorijos (Concentration Weighted Trajectory,
CWT) metodai, naudojantis TrajStat programa [2].
Klasteriné analizé atskleidé, kad didziausios BC ir OA
koncentracijos buvo stebimos oro masése,
atvykstanciose i$ pietvakariy-piety-pietryciy-ryty ir
Siaurés ryty krypciy. Remiantis svertinémis CWT
(WCWT) analizés vertémis (nuo 0,24 iki 0,4 ng/m3)
(1 pav.), teritorijos vakary Rusijoje, Baltarusijoje,
Ukrainoje, Rumunijoje, Slovakijoje, Cekijoje ir
Lenkijoje padaré didziausig jtakg padidéjusiai BC
koncentracijai Vilniuje.

WCWT for BC
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1 pav. WCWT vertés BC Vilniuje 2014 m. sausio ir
vasario meén.

Tuo tarpu galimi OA Saltiniai buvo placiai paplite -
didziausios WCWT vertés (9,7-16,37 ug/m3) buvo
pastebétos kai kuriose Vidurio, Piety, Pietryciy ir
Ryty Europos bei Vakary Rusijos Salyse (2 pav.).
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2 pav. WCWT vertés OA Vilniuje 2014 m. sausio ir
vasario mén.

Antrajame tyrime klasteriné analizeé (3 pav.) atskleidé,
kad pagrindinés oro masiy, kuriose vidutiné OA
koncentracija buvo didesné, trajektorijy kryptys buvo
Siaurés ryty, ryty ir pietryciy.
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3 pav. 72 val. oro masiy atgalinés trajektorijos su OA
koncentracijomis ir trajektorijy klasteriai (2018 m.).
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Tuo tarpu oro masiy trajektorijos is Siaurés vakary
ir vakary lémeé Zemiausias OA koncentracijas. Be to,
WCWT rezultatai (4 pav.) parodé placiai pasklidusias
potencialias OA tarSos Saltiniy teritorijas Latvijoje,
Lenkijoje, Ukrainoje, Baltarusijoje ir Rusijoje. Jos
labiausiai prisidéjo prie padidéjusios OA koncentra-
cijos receptoriniame taske.
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4 pav. WCWT vertés OA (2018 m.).
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STABILIUJUY IZOTOPY SANTYKIO IR RADIOANGLIES METODU
PRITAIKYMAS KIETYJU DALELIYU TARSOS SALTINIY
CHARAKTERIZAVIMUI

Laurynas Buc&inskas', Inga Garbariené', Agné Masalaité’, Justina Sapolaite’,
Zilvinas Ezerinskis', Dalia Jasineviciené?, Vidmantas Remeikis', Andrius Garbaras'

1Fiziniu ir technologijos moksly centras, Branduoliniy tyrimy skyrius skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: laurynas.bucinskas@ftmc.lt

2Fiziniu ir technologijos moksly centras, Aplinkotyros skyrius
Saulétekio al. 3, LT-10257 Vilnius

Antropogeninés tarSos kietosiomis dalelémis
lygiai gali drastiskai pakisti pritaikius valstybines
tarSos mazinimo strategijas ar dél pandeminiy
apribojimy. Siame darbe bus pristatytas
stabiliyjy anglies ir sieros izotopy ir radioanglies
analizés metody pritaikymas KD; (kietosios
dalelés su mazesniu nei 1 fm diametru) tarsos
Saltiniy charakterizavimui miesto aplinkoje.
Bandiniai buvo renkami ziemos metu nuo 2020-
11-11 iki 2021-10-21 Vilniuje, Lietuvoje kai tuo metu
buvo jvestas COVID-19 karantinas. Bandiniams
buvo atlikta anglies (“C/%“C, ¥C/%2C) ir sieros
izotopy (34S/32S) analizé, siekiant kiekybiskai
jvertinti iskastiniy ir neiskastiniy emisijy KD
jnasus. Taip pat, buvo atlikti visos anglies (TC,
total carbon) ir sulfaty koncentracijy matavimai.
Saltiniy charakterizavimas atskleidé tris
pagrindinius anglingyjy KD; emisijos Saltinius (1
pav.): biomasés deginima (73 + 5 %), anglies
deginima (21 + 6 %) ir transporto emisijas (6 + 5
%). Anglies koncentracijos buvo tame paciame
ruoze pries COVID-19 karanting kaip ir jo metu,
taciau pandemijos metu pakito anglies izotopy
santykiai (83C) ir tirty $altiniy pasiskirstymas.
Transporto emisijos dalis buvo vidutiniSkai 2,3
karto mazesné karantino metu.

Sulfaty KD; svarbiausieji Saltiniai buvo anglies
deginimas (60 + 10 %) ir biomasés deginimas (40
+ 10 %). TacCiau ziema, biomasés deginimo indélis
sustipréja ir tampa vyraujanciu vietiniu sulfaty
KD, Saltiniu Lietuvoje, susijusiu su padidéjusia
namy Gkio Sildymo veikla (2 pav). Taciau Vilniy
pasiekianti anglies degimo emisijy KD tarsa buvo
labiau nulemta tolimosios oro masiy pernasos is
kaimyniniy Saliy.

Total carbon fraction, %
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1 pav. Transporto, biomasés ir anglies deginimo emisijy
anglingujy KD1 indéliai. Raudonai pazyméta 2014 -
2015 mety Saltiniy frakcijos [1].
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2 pav. 334S priklausomybé nuo vidutiniy temperatdry.
Spalvy gradientas vaizduoja biomasés degimo
frakcijas.
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ATMOSFERINIO METANO EMISIJY IS TASKINIO SALTINIO TYRIMO
SISTEMA DRONU PLATFORMOJE

Laurynas Butkus, Sartnas Vaitekonis, Artur Plotnikov, Elena Lagzdina,
Jevgenij Garankin, Zilvinas EzZerinskis, Artdras Plukis, Vidmantas Remeikis

Fiziniy ir technologijos moksly centras, Branduoliniy tyrimy skyrius
Savanoriy pr. 231, LT-02300 Vilnius, el. p.: laurynas.butkus@ftmc.It

Intensyvi pramonés, zemés dUkio ir transporto
plétra lemia technogeninés veiklos produkty
kaupimasi aplinkoje. Dél didéjanciy Siltnamio
efekta sukelianc¢iy dujy (metano, anglies dioksido
ir kt.) koncentracijy jau dabar pastebimi klimato
kaitos padariniai. Moksliniai tyrimai,
ir sukuriantys mokslu pagrjstas prielaidas
naujoms aplinkos monitoringo sistemoms ir
technologijoms, tampa vis aktualesni.

FTMC BTS buvo sukurtos ir Siuo metu
tobulinamos dvi naujos drony sistemos, kuriy
pagalba galima jvertinti iS taskinio Saltinio |
atmosferg patenkancio metano emisijas. Pirmaja
sistema (1 pav.), skirta nustatyti metano
koncentracijy pasiskirstyma atmosferoje aplink
taskinj emisijos Saltinj, sudaro du bepilociai
orlaiviai. Ant didesniojo bepilocio yra pakabinta
optiné CH4 registravimo sistema, kurig sudaro IC
(angl. interband cascade) lazeris, parabolinis
veidrodis ir detektorius, sumontuoti ant lazerio
stabilizavimo ir nutaikymo sistemos. Ant
mazesniojo drono yra sumontuotas retroref-
lektorius.

Optinés sistemos veikimo principas:

1 iS IC lazerio skindanti IR spinduliuoté yra
nukreipiama | retroreflektoriy, esantj ant
mazesniojo bepilocio orlaivio;

2) nuo retroreflektoriaus atsispindéjes
Sviesos pluostelis grjzta atgal link didziojo
drono. Pataikes | parabolinj veidrodj
Sviesos pluostelis yra nukreipiamas ir
sufokusuojamas j detektoriy.

3) detektoriumi yra registruojama metano
sugertis ties 3337 nm bangos ilgiu (2
pav.). Optinis kelias yra lygus dvigubam
atstumui tarp bepilo¢iy ir gali bdati
keiC¢iamas priklausomai pagal poreikj.

Parabolinis veidrodis
su skylute

-
et

1 pav. Optinés sistemos, skirtos CH4 koncentracijy
nustatymui atmosferoje, schema.

Retroreflektorius

~2 ppm CH,

2968.43 cm’
Optinis kelias 64 m

T T T T T
2968.50 2968.75 2969.00

Bangos skaigius, cm™

2 pav. CHa4 sugerties spektras, uzregistruotas pazemes
atmosferoje, kai atstumas tarp lazerio ir retroref-
lektoriaus buvo 32 m.

Atmosferinio metano izotopinés analizés
atlikimui kuriama nauja sistema bepilociy orlaiviy
platformoje. Zinant CHg4 koncentracijy
pasiskirstyma aplink taskinj Saltinj planuojama
paimti oro meéginius i$ tam tikry tasky ir atlikti
anglies izotopine (2C, BC, C) analize metane. Si
sistema bus jmontuota ant drono ir siurbs ore
esant;j metang, kuris pasinaudojant Pd
katalizatoriumi bus oksiduotas | CO,. 2C ir BC
izotopiné analizé bus atliekama realiu laiku
registruojant deginimo etape susidariusiy ?CO; ir
3CO, sugertj (ties 4,3 um). Katalitinio degimo
metu susidares CO: galiausiai surenkamas
ceolitinéje gaudykléje, kad véliau laboratorinémis
sglygomis naudojant greitintuvo masiy
spektrometra atlikti “C analize.

Si kompleksiné sistema leidzia charakterizuoti
metano emisijas IS taskinio Saltinio bei,

pasinaudojant tersaly sklidimo modeliu,
prognozuoti tolimesnj tersaly sklidima
atmosferoje.
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STACIONARIOS EUI:ERINES GARDELES PANAUDOJIMAS
GREITAI GR]ZTAMOJO RYSIO INJEKCIJAI SPH AKTYVIUJY GALAKTIKY
MODELIUOSE

Matas Tarténas

Fiziniy ir technologijos moksly centras, Fundamentiniy tyrimy skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: matas.tartenas@ftmc.It

Galaktiky ir galaktiky centry mastelius sieja
supermasyviy juoduyjy skyliy (SMJS) kuriamas
griztamasis rysys (GR) [1]. Sis epizodiskas
galaktikos aktyvumas per ilgg laikg visoje
galaktikoje sumazina zvaigzdérarg, tacCiau yra
uzuominy, kad aktyvaus galaktikos branduolio
aplinkoje zvaigzdédara gali ir iSaugti. Tam, kad
teisingai interpretuotume  vis  gausesnius
galaktikos centry stebéjimus reikalingi ir vis
realistiSkesni modeliai, nuosekliai jtraukiantys
jvairius reikSmingus fizikinius procesus.

Siuo metu griztamajj rysi iSplésty daleliy
hidrodinamikos (SPH) modeliuose galime jtraukti
keliais bldais. Paprasciausias - sferiné energijos
injekcija [2]. Sis intuityvus metodas i§dalina per
laiko zingsn] sukaupta energijg artimiausioms
Saltinio kaimynéms. Deja, metodas néra
tinkamas, kai tyrimui svarbu detali dujy, supanciy
Saltinj, struktlra ar kai jy iSsidéstymas smarkiai
netolygus [3]. Placiai naudojamas ir
sudétingesnis, diskrecliais energijos paketais
(DEP) grijstas metodas [4]. Jis yra gerokai
lankstesnis - leidzia atsizvelgti | galimg GR
sklidimo greitj ar netolyguma. Taciau jis taip pat
reikalauja gerokai daugiau skaiCiavimo resursy.
Mes suklréme alternatyvy greitg GR injekcijos
metoda gridWind, kuriame neprarandamas DEP
suteikiamas lankstumas, taciau gerokai
sumazinamas skaitmeniniy resursy poreikis.
gridWind metodo esmé - SMJS (ar kito saltinio)
kuriamo véjo propagavimas radialiai sferine
gardele iSorés kryptimi pastoviu grei¢iu v~0.1c.
Véjo-dalelés sgveikos srityje dalelei pridedama
energija ar judesio kiekis proporcingas tos
dalelés indéliui | bendra tankio lauka. Naudojant
S| metoda mes galime keisti véjo parametrus
priklausomai nuo laiko ar krypties, pavyzdziui,
sekti kOgiSkus véjo gusius sklindancius is
plokstumos kryptj kei¢iancio akrecinio disko.
Siuo metu gridWind metodas implementuotas
hibridiniame n-ktny/SPH kode Gadget-3 [5].
Pav. 1 pavaizduotas judesio kiekio GR palaikomos
sferos  plétimasis homogeniskose  dujose.
Naudodami gridwWind metoda gauname
rezultatus, palyginamus su DEP [4]. Be to,
metodas leidzia naudoti didesnj daleliy skaiciy,
negu baty praktiSka naudojant DEP dél
milzinisko saveiky skaiciaus. Nors naudojama

stacionari gardelé, metodas geba atkurti
sudétingas dujy struktdras, bei atkuria
realistiskas téekmes aktyvaus galaktikos

branduolio (AGN) modelyje atvaizduotame tankio
zemélapyje pav. 2.
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1 pav. sferinés ertmés plitimas dél judesio kiekio forma
jvedamo grjztamojo rysio homogeniskoje aplinkoje.
Brdksniné raudona linija rodo analitinj sprendinj
jskaiCius baigtinj véjo greitj [4].

2 pav. AGN sukuriamos tékmés po 1 min. trukusio
aktyvumo epizodo. Netolygumai dél turbulencijos.
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Star clusters play a pivotal role in understanding
galaxy formation and evolution. Detailed studies in
the Milky Way are limited due to interstellar
extinction. Therefore, gaining a more profound
insight into the global process of star formation
necessitates the examination of neighboring
stellar systems that bear a resemblance to the
Milky Way in terms of their structure and
evolution. A good candidate for such studies is the
Andromeda (M31) galaxy, where star cluster
observations with high photometric accuracy
allow us to determine causes and consequences of
star formation processes and their impact on the
evolution of stellar population across the galaxy.
Star cluster studies in the M31 galaxy has been
made possible by the extensive Panchromatic
Andromeda Treasury Program (PHAT,; Dalcanton
et al. 2012) survey performed with the Hubble
Space Telescope (HST). A large sample of PHAT
survey star clusters are published by Johnson et
al. (2015). These objects reside in diverse
environments, from extremely crowded central
parts of the galaxy to rather sparse outskirts.

The aim of this work is to present adaptive aperture
photometry results, where we account for the
problems arising due to bright field stars. We use
the same two- aperture method as in Naujalis et al.
(2021): (i) standard aperture approach to measure
‘total’ (T) fluxes and magnitudes; (ii) adaptive
aperture approach to measure central parts of star
clusters by applying aperture corrections, based on
the F475W passband measurements, to other
passbands: ‘colour’ (C) fluxes and magnitudes.

By selecting C apertures, we avoid bright field stars,
thus ensure consistent colour indices. In Fig. 1, we
show two- colour diagrams constructed from T
aperture (Fig. 1a) and C aperture photometry (Fig.
1b) results, compared to the stochastic cluster
models (grey in the background). Most star clusters
align well with the models drawn in the background.
However, the C photometry results are more
compatible with the stochastic star cluster models
suggesting a better quality of the subsequent
parameter determination procedure and study of
M31 evolution.
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Fig. 1. Two-colour diagrams of star clusters over-plotted on the stochastic models. The masses of cluster models
(grey areas) are from 102 to 105 M@®. The subscript TC indicates that colour index is based on T and C aperture
photometry in panels (a) and (b), respectively. Arrows indicate extinction vectors of AV = 1, assuming the

standard Milky Way extinction law.
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STIPRIOSIOS SAVEIKOS REZIMAS TARP PAVIRSINIY
PLAZMONU IR RODAMINO 6G MOLEKULIY

Povilas Jurkéaitis1, Justina Anulyté1, Zigmas Balevicius!

TPlasmonics and Nanophotonics Lab., Department of Laser Technologies, Center for Physical Sciences and
Technology,
Sauletekio av. 3, LT-10257 Vilnius, email: povilas.jurksaitis@ftmec.It

Stipriosios sgveikos rezimas per pastaruosius
kelerius metus sulauké ypa¢ daug démesio.
Skirtingy optiniy ir medziagos suzadinimy
tarpusavio sgveika atveria naujas galimybes
cheminiy reakcijy valdyme [1], biosensoriuose
[2,3], plazmoniuose lazeriuose [4], kvantinés
informacijos apdorojime [5,6]. Stiprioji Sviesos -
medziagos sgveika atsiranda kai du
sgveikaujantys osciliatoriai keiiasi energija
grei¢iau negu jvyksta nuostoliai sistemoje. Siame
rezime  susiformuoja naujos blsenos -
poliaritony kvazidalelés, kurios pasizymi
modifikuota dispersija.

Buvo atlikti stipriosios sgveikos modeliavimo ir
eksperimentiniai darbai tarp pavirSiniy plamony
(SPP) susiformavusiy metalo dangose ir
Rodamino 6G molekuliy sluoksnio PMMA
matricoje. Sumodeliuotos dispersinés kreivés
stipriosios sgveikos rezime buvo modifikuotos ir
skyrési nuo pavieniy SPP ir Rodamino dazo
dispersijy. Sumodeliuotos sistemos optiniam
atsakui nustatyti buvo panaudota visisko vidaus
atspindzio konfigdracija. Sumodeliuoti sugerties
spektrai parodé aiskius Rabi skilimo pozymius
dél p-poliarizuotos Sviesos, o tai rodo, kad
sistema veikia stipriosios sgveikos rezime

Visisko vidaus atspindzio elipsometrija buvo
pasitelkta siekant eksperimentiskai nustatyti
sugerties  spektrus ir jvertinti  pakitusias
disperines priklausomybes. Taip pat buvo
pasitelkta Fourier mikroskopija, siekant jvertinti
emisijos kampine priklausomybe. Panaudotos
skirtingos eksperimentinés technikos parodo,
kad sistema yra stipriosios sgveikos rezime.
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Pav. 1. Visisko vidaus atspindzio elipsometrija

iSmatuotas 45 nm storios sidabro bandinys. Bandinys
buvo padengtas su PMMA/R6G sluoksniu.
Elipsometriniai matavimai parodo, kad bandinys

pasizymi modifikuotomis disperinémis kreivémis.
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ATOMINIO STORIO SLUOKSNIO NUSODINIMO TAIKYMAS GaSe
KRISTALY SKAIDRINIMUI

Mantas Drazdys', Darija Astrauskyté', Ramutis Drazdys', Zigmas Balevicius'

Fiziniy ir technologijos moksly centras, Lazeriniy technologijy skyrius
Savanoriy pr. 231, LT-02300 Vilnius, el. p.: mantas.drazdys@ftmc.It

Pazangios lazerinés sistemos yra taikomos
daugelyje miasy gyvenimo sric¢iy: fundamenti-
niuose moksluose, telekomunikacijose, medici-
noje ir kt. Daugumos lazeriniy sistemy pazanga
yra jmanoma tik dél gilesnio optiniy komponenty
savybiy supratimo ir naujy inovatyviy sprendimy
[11.

Jvairiy tipy optiniai netiesiniai kristalai labai
pladiai naudojami lazerinése sistemose tiek
generuojant lazerio spinduliuote, tiek j3g
pertvarkant. Siy elementy optinés savybés
daznai apsprendzia lazeriniy sistemy
spinduliuotés kritinius galios parametrus ir
spektrines  charakteristikas, o jy optinis
atsparumas ir stabilumas aplinkos poveikiui daro
jtaka visos sistemos ilgaamziskumui [2].

Galio selenidas (GaSe) yra puslaidininkis, kuris
dél unikaliy optiniy ir elektroniniy savybiy daznai
naudojamas lazeriniy sistemy gamyboje mid-IR
sriciai [3]. Taciau GaSe kristaly naudojimas
lazeriuose yra gana sudétingas - kristalai yra
labai jautrGs atmosferos drégmei bei deguoniui,
dél ko degraduoja kristalo pavirSius ir, laikui
bégant, kinta jo optinés savybés. Taip pat, dél
didelio lGzio rodiklio, tokie kristalai pasizymi
dideliais optiniais nuostoliais, nes didelé dalis
Sviesos tiesiog atsispindi nuo kristalo pavirsiu.
Siais laikais, optiniy dangy formavimo
technologijos  yra labai pazengusios ir
pritaikomos stikly, kristaly ar net polimery
optiniy pavirsiy funkcionalizavimui [4]. Taciau
dangy formavimas ant GaSe kristaly yra taip pat
sudétingas. Pirma, GaSe kristalai pasizymi ne
vienoda pavirsiaus morfologija, todél gali bati
sunku nusodinti tolygias dangas, kuriy storis ir
optinés savybés turi bati vienodos visame
kristalo pavirSiuje. Antra, optiniy dangy
nusodinimui daznai naudojami aukstatempera-
tdriniai ar dideliy energijy joniniai procesai, kurie
gali sukelti Siluminius jtempius dangoje bei
jtempius kristaly struktroje, o tai lemty kristalo
pavirsiaus deformacijg, delaminacija ar jtrakimus,
neigiamai paveikiant bendra kristalo efektyvuma.
Dél Siy priezasciy standartinés  dangy
nusodinimo technologijos, tokios kaip terminis
garinimas elektrony pluostu, magnetroninis ar
jonapluostis dulkinimas néra tinkamos GaSe
kristalams skaidrinti.

Pastaraisiais metais suintensyvéjo atominio
storio sluoksnio nusodinimo (ALD - angl. k.
atomic layer deposition) taikymo optiniy dangy
gamybai tyrimai. ALD yra cheminio gary

nusodinimo (CVD - angl. k. chemical vapour
deposition) atSaka, paremta cikliSku pirmtaky
dozavimu | reaktoriy, per vieng cikla
suformuojant atomo storio sluoksnj, todél
procesai pasizymi dideliu tikslumu ir
atsikartojamumu. Sio proceso metu reaktoriuje
padengiami visi optiniy komponenty pavirsiai, o
dangy tankis bei struktdra nenusileidzia
jonapluosciu dulkinimu suformuotoms dangoms,
todél ALD dangos gali pagerinti optiniy
komponenty parametry stabiluma bei uztikrina
komponento apsaugg nuo aplinkos poveikio [5].
Siame darbe ALD metodas buvo taikomas GaSe
kristaly skaidrinimui. Naudojant TFCalc
programa buvo sumodeliuota vieno sluoksnio
skaidrinanti danga. Atsizvelgiant | tai, jog ALD
procesai pasizymi salyginai mazais sluoksniy
augimo greiciais, pirmiausia, ALD metodo
tinkamumo dangy formavimui ant GaSe kristaly
patikrinimui buvo suformuota 280 nm storio
Al2Oz danga. Atlikus kristalo inspekcijg optiniu
mikroskopu po dangos nusodinimo, buvo
pastebéta, kad kristalas nebuvo pazeistas, todél
buvo nusodinta danga, pagal modeliavimo
rezultatus turinti pasizyméti mazesniu nei 10%
atspindziu esant 40° krintancios spinduliuotés

kampui 4 - 7 pum spektriniame diapazone.
Suformavus danga, inspekcijos optiniu
mikroskopu metu kristaly pavirSiuje buvo
pastebéti 0,2 - 0,5 um diametro dariniai

primenantys pdsles. Viena iS galimy pusliy
atsiradimo priezascéiy yra dangos vidiniy jtempiy
sukeltas GaSe kristalo laksto atsilupimas.
Nepaisant to, atlikus Furjé transformacijos
infraraudonuyjy spinduliy (FTIR - angl. k. Fourier-
transform infrared) spektroskopijos matavimus,
buvo pastebéta, kad kristalo pralaidumas zonoje
prie puslés buvo padidintas daugiau nei 20%, o
zonoje kurioje néra puasliy - daugiau nei 30%.
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ITIN DIDELIO JAUTRUMO HIBRIDINIYU PLAZMONUY POLIARITONUY
MODUY TAIKYMAS OPTINIAMS BIOJUTIKLIAMS

Justina Anulyté, Ernesta Buzavaité-Verteliené, Evaldas Stankevicius,
Kernius Vilkevicius, Zigmas Balevicius

Fiziniy ir technologijos moksly centras, Lazeriny technologijy skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: justina.anulyte@ftmc.It

Optiniai jutikliai Siuo metu vis plac¢iau taikomi
jvairiy dujy ar bio-molekuliy pavirsiniy
procesy monitoringui. Optiniai metodai
nereikalauja fizinio ar elektrinio kontakto su
bandiniu. Dél to optiniai metodai yra
neardantys ir neinvaziniai, kas svarbu realaus
laiko matavimams, dujy, cheminiams bei
biologiniams tyrimams. Plazmoniniai
rezonansai tai fotono ir elektrono medziagoje
pavirsiné saveika sudarant naujg kvaziblsena
plazmony poliaritong. Tokie rezonansai gali
blti generuojami ant jvairiy nanometriniy
matmeny metalo-dielektriko dariniy bei
taikomi optiniams jutikliams. Tam tikslui buvo
naudojamas spektrinis elipsometras J.A.
Woollam RC-2 visiSsko vidaus atspindzio
konfiglracijoje, elipsometro optinéje
schemoje jterpiant stiklo prizme (BK7 - 70°),
ant kurios pagrindo per optinj kontakta buvo
patalpintos plazmoninés-nanofotoninés
struktdros naudojamos jutiklio pavirsSiui.
Elipsometrijos metodas matuoja atspindéty
nuo bandinio p- ir s-poliarizacijy amplitudziy
santykj (¥) ir faziy skirtuma tarp jy (»). Siame
tyrime aplinkos IGzio rodiklio pokyciai buvo
matuojami dvejose skirtingose struktirose,
panaudojant 1D fotoninio kristalo (FK)
sudaryto S penkiy periodiniy dvisluoksniy
TiO2(~110nm)/Si02(-200nm) bei istisiniu
aukso sluoksniu (1 pav. (a)), o antroji struktdra
papildomai buvo modifikuota lazerinio
jraSimo metodu suformuojant aukso nano-
gumby gardele (1 pav. (b)) [1-2]. Tokiose
plazmoninése-fotoninése struktdrose
generuojami hibridinés Tamm‘o (TPP) -
pavirsiaus plazmony poliaritony (PPP) modos.
Tyrimai parodé labai didelj hibridinio
plazmoninio rezimo jautruma 26000 nm/RIU
[GzZio rodikliui ant istisinio aukso sluoksnio, tuo
tarpu aukso gardelés jvedimas sumazina
signalo jautrumga, bet padidina plazmoniniy
rezonansy kokybés koeficienta Q.
Plazmoninio rezonanso jautrumo palyginimas
su hibridinio TPP-PPP rezimo lGzio rodiklio
pokyciais ant pavienio aukso sluoksnio ir
tradicinio SPR (pavienis plazmono
rezonansas) parodé, kad hibridinis
plazmoninis rezimas dél stiprios sgveikos
efekto jveikia mazdaug 27% SPR.

Plazmoniniy jutikliy technologijos bus
pritaikomos naujos kartos biojutikliuose, vaisty
nuo vézio, COVID bei kity imuniniy ir virusiniy
ligy tyrimuose. Taip pat plazmoniniai jutikliai
potencialiai gali bati taikomi vandenilio gary
detekcijai, kas itin aktualu sprogimy prevencijoje
vystant zaligsias vandenilio technologijas.

BK7 (a) BK7 (b)

. 63-72° -~ 63-72°

PC p PC

TiO,/Si0 Ti0,/Sio

772 1pp 2202 PP

— =)

Au . Au lattice
SPP ~HSLPp

Water/Ethanol Watera‘EthanolH

1 pav. Optiné schema skirta fotoninéje-plazmoninéje
struktdroje (TiO2/Si02)/Au generuoti TPP (Tamm‘o
plazmonas poliaritonas)-PPP (pavirSinis plazmonas
poliaritonas) (a) ir TPP-HPGSP (hibridinis pavirsiaus
gardelés sklindantis plazmonas) (b) hibridines modas
visiSko vidaus atspindzio spektrinés elipsometrijos
metodu [3].
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GRAPHENE-MANGANITE STRUCTURES FOR MAGNETIC
SENSORS APPLICATIONS

Mykola Koliada, Nerija Zurauskiené

Center for Physical Sciences and Technology, Department of Functional Materials and Electronics
Saulétekio av. 3, LT-10257 Vilnius, email: mykola.koliada@ftmc.It

The increasing demand in magnetic field sensors
with increased sensitivity and decreased
dimensions has resulted in extensive
investigations of magnetoresistive effects called
as xMR and search of new materials and
nanostructures [1]. The search of advanced
materials and their combination is important due
to importance of high sensitivity and increasing
magnetoresistance (MR) in different magnetic
fields. It has been demonstrated that
nanostructured lanthanum manganite thin films
exhibiting negative CMR effect can be
successfully used for magnetic field sensors
applications. The drawbacks of this films are
despite high sensitivity in low and intermediate
magnetic fields, saturated sensitivity at high
fields and absence of sensitivity to direction of
applied magnetic field [2]. The demand of local
measurements resulted in the research of
magnetoresistive properties of two-dimensional
(2D) materials such as graphene. Graphene can
achieve high values of MR at high and
intermediate magnetic fields, due to positive
magnetoresistance phenomenon. However, at
low magnetic fields MR of graphene is low [3].

Another drawback is graphene sensitive only
when applied field is perpendicular to plane.
Therefore, to improve sensors, the design of
graphene-manganite magnetic field sensor,
when both La-Sr-Mn-O and graphene layers are
aligned in the same plane, was suggested [4]. In
this work, the structure consisting of graphene
exhibiting positive MR and nanostructured
manganite film doped with cobalt exhibiting
negative MR was investigated in magnetic fields
up to 20 T. A prototype of magnetic sensor
based on this structure was proposed. It was
demonstrated, that sensitivity is dependent on
the ratio of initial resistances of graphene and
manganite. Also, it was shown the possibility to
measure absolute value of magnetic field and its
direction to sensor's plane using one combined
sensor: connected manganite and graphene
sensor.
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Since the invention lasers become essential for
many different applications in an increasing number
of various fields, such as, research, medicine,
consumer electronics, communication, etc. Each of
these applications requires a very specific set of
proprieties. Due to this reason many different types
of lasers have been developed over time.
Vertical-External-Cavity Surface-Emitting Lasers
(VECSELSs) are new family of structure that derive
from Vertical-Cavity Surface-Emitting Lasers
(VCSEL). The main advantage of VECSEL to respect
to VCSEL is the possibility of generation of high
optical power output while maintaining a circular
beam quality [1].

The output power of such structures is proportional
to the area of the emitting surface. Thus, it is very
important to grow large area samples of the highest
optical uniformity [2].

In this work we started by analysing the
dependence of the wavelength of the quantum
wells emission on indium content and thickness of
the quantum wells (QWSs).

(a)

GaAs barriers

X3

QWs

Conduction band energy

Qws

(b)

GaAs barriers

7nm 119nm 7nm

I UU-

QWs Qws

Conduction band energy

Figure 1: Two types of multiple quantum well grown
and investigated in this work: a) type 1 structure, and
b) type 2 structure.

The In content was variated from 15% to 27%, while
QW thickness from 3.5 nm to 7.5 nm. Our target
emission wavelength range was (970-1100) nm. Two

type of samples were grown with a structures like the
one shown in Fig. 1a,b. The PL emission of the samples
of type 1 grown using optimum combination of
parameters was mapped to evaluate the
homogeneity, necessary to produce high outpower
emitters.

It was observed that PL intensity reduces in some well
arranged areas of PL maps, constructing net of
perpendicularly oriented dark lines, and the density of
such lines increases with In content. To solve this issue
a novel type of MQW structure, in which couples of
QWs are separated by thick barriers, was designed,
such design is shown in Fig. 1b.

We demonstrated that using type 2 structure is
possible to grow VECSELs exhibiting homogeneous
PL emission on large area of substrates. Furthermore,
coupling QWs in such a way the thickness allows for a
thinner final laser simplifying the thermal management
needed during operation.

Our measurements demonstrated that the PL
intensity reduction are originated by lattice mismatch
dislocations in the InGaAs QWs.

In order to obtain an emission wavelength in the target
range of (970-1100) nm, high In content (20%-25%) is
required, and lattice mismatch between GaAs and
InGaAs complicates the growth .

Incorporation of Bi in GaAs leads to a much bigger
reduction in bandgap to respect to In. Because of this
GaAsBi is possibly a better option for the realization
of a device working in this range.

Additionally in this work, we studied the homogeneity
of PL emission of samples grown with both type 1 and
type 2 strcutures containing GaAsBi QWs instead of
INnGaAs. GaAsBi QWs showed much high
homogeneity in both types of structures.

We realized two full VECSEL chips, one with InGaAs
and one with GaAsBi MQWs using type 2. Both
VECSELs showed promising PL emission and
reflectance spectra.
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SEMICONDUCTOR BLOCH LASER: A THEORETICAL ANALYSIS OF THE
OPERATIONAL LIMITS OF A SUPERLATTICE TERAHERTZ EMITTER
Lukas Stakela', Kirill N. AlekseeV!'
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Theory predicts that with specifically engineered
semiconductor structures it would be possible to
create an inversionless Bloch laser or in simple
terms a terahertz emitter [1]. It happens to be
that this can be achieved with semiconductor
superlattices which possess, compared to
traditional semiconductor structures, extremely
long lattice periods. Since the high-frequency
gain in superlattices is related to the negative
differential conductivity [1] and does not require
population inversion, the device can operate at
room temperature, though thorough theoretical
work is still needed to fully understand
mechanisms that allow pushing the frequencies
to the THz range. Our interest in the problem was
also stimulated by a recent experimental
demonstration of dissipative parametric
generation, which underlines the importance of
plasma effects in active superlattice devices [2].
We start our analysis with a relatively simple
model of a semiconductor superlattice proposed
by Ktitorov et al. [3]. The solution of the
Boltzmmann equation allows us to analyse the
high-frequency conductivity of the system,
which can show if there are any gain resonances.

Rel0ignatov) Re(0y,k-0)
0.02 4 a) 4 b)
0.01
0.00
-0.01
—0.02
Re(0ktitorov) All 3 functions
0024 {d
0.01
0.00
—0.01 |
~0.02
0 5 10 15 20 0 5 10 15 20

wT

Fig. 1. Real part of high frequency conductivity of the
superlattice. The graphs follow the Esaki-Tsu curve and
predict a region of negative differential conductivity, where a
theoretical Bloch laser could exist [1]. The graphs depict
different conductivity calculation methods: a) Original
Ignatov model b) Simplified Ignatov’s equation when k-0 c¢)
Original Ktitorov’'s model d) Comparison of all three
calculation methods.

A more mathematically challenging approach,
proposed by Ignatov et al, introduces a
Bhatnagar-Gross-Krook (BGK) collision integral,

that results in dependence of the conductivity on
the wavenumber [4]. To our surprise, these two
models are in good correlation. Additionally, the
Ignatov model works in the limiting case (See Fig.
D.

With the knowledge of the conductivity, it is
possible to find the eigenmodes of the plasma
excitations in the system. From the combined
results of these models, we see two main factors
to consider (See Fig. 2). The first one is plasma
frequency w, and the second one is Bloch
frequency Qg . We believe that we have a
combination of these effects interplaying with
each other, thus forming a space-charge wave in
the superlattice structure that predominantly
defines the gain properties of the device.

—— w3 (quadratic solution of cubic eq.)

5.0 1 . z
—— ws (analytic solution)

——- WpT
- QT

4.5 1

4.0

3.5 A

wT

3.0 A
2.54

2.04

15 —\,; —

QpT
Fig. 2. The comparison of the real part of eigenmodes of the
system, acquired from a cubic equation describing the
oscillations in the system. The blue curve is a quadratic
solution to a simplified cubic equation. The orange curve is
an analytic solution to the full cubic equation. Both curves
follow of what appears to be an interplay between two

mechanisms: Bloch (g and plasma w, oscillations.

p
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THz WAVEPLATE BASED ON LASER PROCESSED SILICON GRATING
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The growing demand for waveplates and phase
retarders with reduced complexity is crucial in
the fields of THz imaging, THz spectroscopy, and
THz communication [1]. These devices play a
vital role in manipulating the polarization state of
light. Waveplates introduce a controlled phase
delay between two perpendicular polarization
components, allowing for the modulation of
electromagnetic wave properties. The key factor
responsible for this phase delay, known as
birefringence, which can also be artificially
induced. The artificial birefringence can be
achieved by creating electromagnetic structures
or subwavelength gratings, leading to high
anisotropy in materials due to the spatial
irregularity of these structures [2][3]. This
development is essential for advancing optical
technologies and finding applications in various
scientific and communication domains.

In this study, we developed the monolayer-
silicon-based grating waveplates to function as
qguarter waveplates (QWP) for an application in
broad frequency range, from 0.3 THz to 0.5 THz.
Notably, these Si waveplates demonstrate anti-
reflective properties due to the strategic
inclination of grating walls along the Transverse
Electric (TE) polarization. This inclination
reduces reflection losses caused by silicon-air
interfaces. Through experimental and numerical
validation, we confirmed a phase retardance of
9024102 between orthogonal Transverse
Magnetic (TM) and Transverse electric (TE)
polarizations within an operational bandwidth of
approximately 200 GHz.

Three samples were created, each featuring
subwavelength periodic silicon-air interfaces
with a fixed period (P) of 100 um, width of

fabricated the three samples on HRFZ-Si wafer
having different depth and shape of the grating
ridges. The transmission spectra of the sample with
ridge heights of 50, 100, and 200 um were precisely
modeled and measured using FDTD and THz-TDS.
The corresponding phase difference between the
two  orthogonal polarizations across the
frequencies were calculated. Notably, the sample
with a ridge height of 200 um exhibited a distinct
plateau region at a level of 90°+10° covering a
bandwidth of approximately

200 GHz centered around the frequency of 0.4 THz.
All  experimental spectra were modeled,
confirming the quarter waveplate (QWP)
performance with high accuracy. These results
indicated the possibility to scale grating ridges,
offering the potential to adjust the operational
frequency within the THz range.

w P h
]

Fig.l. Schematic representation of monolayer-silicon-
based grating QWP along XZ-axis with a design
parameters.
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ENERGY TRANSFER DYNAMICS IN CsPbX; PEROVSKITE DOPED
WITH VARIOUS CONTENTS OF Yb**
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Cesium Lead Halide (CsPbXz) perovskites have
attracted attention due to their broadband
absorption, narrow emission, high
photoluminescence quantum yields (PLQY), and
high stability. Recently, several reports stated
that the Ytterbium-doped perovskites have been
demonstrated as a suitable system for
fabricating quantum-cutting materials, where
one photoexcitation photon creates two near-
infrared (NIR) photons.

To better understand the quantum cutting
mechanism and properties, we demonstrate the
formation of Cesium Lead Halide perovskite
powders doped with ytterbium by dry and wet
mechanosynthesis  techniques. Both wet
synthesis, in which the precursor materials are
dissolved in water, and dry synthesis from raw
materials allow the formation of high-quality
cesiumlead halide perovskites.

L

Photoexcita

375 nm 4’

[O'i ] 2F 2

CsPbX s

2Fsp2

We address the guantum-cutting mechanism
and its efficiency limiting factors by analysis of
the VIS and NIR luminescence kinetics. It shows
that Yb3®" doped into the perovskite effectively
qguenches the excitonic emission and enables
quantum cutting with photoluminescence
efficiency of over 100% depending on the Yb3*
concentration.
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Figure 1. Schematic presentation of energy transfer from perovskite to Yb*3 .
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The power conversion efficiency (PCE) of single
junction Perovskite solar cells (PSCs) has
increased dramatically over the past decade,
ranging from 3.8% to 26.1%. This has allowed the
highest-PCE cells to achieve performance levels
comparable to silicon counterparts.l As the
single-junction limit of perovskite devices is
approached, however, the rate of efficiency
improvement has slowed significantly. Higher
PCEs are also possible with tandem device
topologies that integrate light-harvesting layers
with different bandgaps (1.2 eV and 1.7-1.9 eV,
respectively).l? The photovoltaic properties of a
triple cation perovskite/silicon tandem SC with
four terminals Cso.06(MAg17FA 0.83)
094Pb(log3Broi7)s layer-based perovskite cell
integrated on an industrial n-type
monocrystalline bifacial PERT silicon SC were
investigated. The measured transmittance
spectrum of the perovskite layer demonstrates
that it is an efficient absorber of visible light but
only partially transparent in the infrared range.
Within the range of wavelengths from 800 to
1100 nanometers, the transmittance is
significantly higher than 80%. Because 19.4% of
the semitransparent perovskite top cell is
incorporated into the 4T perovskite/silicon
tandem solar cell, the overall power conversion
efficiency (PCE) of the cell is 26.6%, which is
significantly higher than the efficiency of each
subcell.l?¥ The photovoltaic characteristics of
the triple cation perovskite solar cell are shown
in Table 1. The corresponding values include
open circuit voltage, short-current density, fill
factor (FF), and power conversion efficiency.

Under the same 100 mW/cm? illumination, the
open circuit voltage Vo of the bottom cell is
only marginally lower than that of the single
silicon SC. All perovskite tandem solar cells are
able to sufficiently harness the one-of-a-kind
benefits offered by perovskite materials.t
These benefits include excellent performance at
a cheap cost, an easy fabrication method, and
compatibility with flexible substrates. Other
types of perovskite-based tandem solar cells
are limited in their ability to do so.r®1 We make
an effort to sketch out a plan for the
development of all perovskite tandem solar
cells that are both high performing and stable.
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Solar cell Voc, V Jse,mA-cm-2 FF, % PCE, %
Top perovskite SC n 23.6 74 19.4
Separate Si SC 0.67 40.0 72 19.3
Bottom Si SC 0.64 15.8 71 7.2
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EXPLORING SPECTRAL AND TEMPERATURE ASPECTS OF HOT
CARRIER PHENOMENA IN GaAs SOLAR CELLS
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The Shockley-Queisser theory assumes that only
photons with energy higher than a semiconductor’s
bandgap participate in the formation of
photoresponse while the photons with energy less
than the bandgap are deemed inefficient in the
formation of the total photoresponse of a solar cell
[1]. Nevertheless, recent researche have shown that
photons possessing energy below the bandgap can
generate a photovoltage across a p-n junction. The
polarity of this voltage is opposite to that of the
conventional photovoltage [2]. Our calculations
demonstrate that as much as 10% of the total
absorbed solar radiation in GaAs falls within the
below bandgap range. This proportion is significantly
influenced by the carrier concentration and thick-
ness of the top layer [3]. This talk aims to elucidate
the detrimental impact of hot carrier photocurrent
on the generation of photoresponse across a GaAs
single junction solar cell. The p-n diodes were
fabricated from GaAs by means of liquid phase
epitaxy (LPE) technique and were subjected to
pulsed laser irradiation of varyous wavelength:
0.532 um, 1.064 ym, and 1.342 um. Our findings
revealed several important observations (Fig. 1).
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Fig.l. I-V characteristics of GaAs p-n junction under laser
illumination of 0.4 MW/cm? intensity and wavelength:
0.532 um (dotted lines), 1.064 um (solid lines) and 1.342
um (dashed lines).

The primary contribution of photons with a
wavelength of 1.342 um which corresponds to an
energy of 0.92 eV, is observed in the hot carrier
current, while their energy is insufficient to
significantly elicit conventional generation-related
photoresponse. Furthermore, the influence of
photons with a wavelength of 1.064 um (energy of

116 eV) results in the prevalence of hot carrier
photoresponse over the classical photocurrent
generated by two-photon absorption. The observed
effect can be attributed to the surplus energy of 0.9
eV that remained after to the formation of the
conventional electron-hole pair. This surplus energy
further contributed to carrier heating. Lastly, it is
worth noting that laser illumination with a
wavelength of 0.532 um (photon energy of 2.32 eV
which exceeds the GaAs bandgap) demonstrates a
noticeable hot carrier photoresponse, contrary to
what classical theory predicts. The observed effect
is likely attributed to the excess energy (0.9 eV)
that remained after the classical single-photon
interband absorption process.

It is evident that the hot carrier contribution to the
photocurrent remains consistent across different
incident radiation wavelengths. In general, it is
observed that the short-circuit photocurrent which
is produced by the hot carriers exhibits a decline as
the temperature of the solar cell lowers. This
property creates advantageous conditions for the
efficient operation of a solar cell.

Moreover, the research revealed that when
subjected to laser light of a 1.064 pm wavelength
and 0.7 MW/cm? power, the hot carriers can reach
temperatures of up to 454 K within the p-njunction
in standard room conditions and up to 262 K under
liguid nitrogen conditions. The hot carrier
photocurrent flowing across the p-n junction
exhibits a recombination character.

In summary, this study underscores the substantial
impact of the hot carrier effect and shows the
importance of taking it into account when
assessing the efficiency of solar cells. Consequently,
there's a need to reevaluate the theoretical
maximum efficiency of a single-junction solar cell
(as per the Shockley-Queisser limit) by considering
the impact of the hot carrier phenomenon across
the entire solar spectrum.
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SILICON

Rokas Silkinis, Lukas Razinkovas

Center for Physical Sciences and Technology, Department of Fundamental Research
Saulétekio av. 3, LT-10257 Vilnius, email: rokas.silkinis@ftmc.It

14 n
B expt. [Phys. Rev. B 84, 115204 (2011)]
L > —— theory
12 — E
=
[ 3 [
10 — Folof
- - )
= = 8 [
E - S 0.05F
8 81— 5 [
S S E
©
> - 5 o0 Bt il Lwteditiniten,
£ | 5 0.
a 6 — g 0 25 50 75 100 125150 175 200
42 = L Phonon energy (meV)
4 [ U
2 —
O—IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIII
—-200 -175 -150 —-125 -100 —75 -50 -25 0

Energy shift from ZPL (meV)

Figure 1. Experimental (gray) and calculated (blue) normalized luminescence lineshapes of C-center in
silicon. The inset figure contains the spectral function of electron-phonon coupling.

In recent years, quantum technologies have been
at the forefront of scientific interest due to
various possible applications in quantum sensing,
communication, and computing. Optically active
point defects are of particular interest as single-
photon emitters that could be used for short- and
long-distance exchange of information [1]. The C-
center, composed of a carbon-oxygen interstitial
pair (CiOi), is one such defect [2, 3, 4]. It emits
light at telecom wavelengths of 1570 nm (0.789
eV) and is thus a suitable candidate for a telecom-
range single- photon source that is compatible
with fiber- optic technology [5].

This work presents a first-principles computational
study of the Iuminescence and absorption
lineshapes associated with the C- center in silicon.
We perform density functional theory (DFT)
calculations with a semilocal functional based on
the meta-generalized gradient approximation
(meta-GGA) [6], in particular, the recently
developed SCAN (Strongly-Constrained and
Appropriately- Normed) functional [7]. Using a
novel embedding methodology [8, 9], we obtain

optical emission (Figure 1) and absorption
lineshapes of the defect in the dilute limit. Our
results show a close agreement to the
experimentally observed luminescence lineshape,
while the absorption lineshape data could be used
as a guide for further experimental analysis of the
C-center.
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Ab initio STUDY OF VIBRATIONAL PROPERTIES OF DIVACANCY
DEFECTS IN 4H-SiC
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Silicon carbide (SiC) is a wide bandgap material
with great potential for high-power and high-
frequency electronic devices. Furthermore,
certain deep-level semiconductor defects have
potential applications as qubits and single
photon emitters for quantum technologies (QT).
SiC hosts a wide variety of defects with QT-
compatible properties. In multi-component
semiconductors, such as SiC, these defects can
often inhabit several configurations with
different characteristics. Therefore, a detailed
characterization of different defect
configurations and their electro-optical
properties is essential.

Our study employed first-principles calculations
to study four neutral divacancy configurations
(hh, kk, hk, and kh) and their vibrational
properties in the 4H-SiC polytype. The labels h
and k refer to the distinct hexagonal and pseudo-
cubic lattice sites in 4H-SiC, respectively. Using
the r2SCAN density functional [1][2], we have
determined the zero-phonon line (ZPL) energies
and zero-field splitting (ZFS) values, which are in
close agreement with experimental data [3].
Furthermore, we calculated the spectral
functions of electron-phonon coupling using a
novel embedding methodology [4]1[5]. The
calculated Iuminescence lineshapes provide
excellent agreement with the experimental data.
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Fig. 1 Calculated theoretical normalized luminescence
line shapes of divacancy defects in 4H-SiC compared
with experimental data.
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HIGH-THROUGHPUT FOURIER-DOMAIN OPTICAL COHERENCE
TOMOGRAPHY FOR RETINAL IMAGING
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Optical coherence tomography (OCT) has been
used successfully for non-invasive human retinal
volumetric imaging in vivo, advancing the
detection, diagnosis, and monitoring of various
retinal diseases. However, the spatial resolution,
imaging speed and depth is still an issue in OCT.
Recently, to speed up OCT imaging, Fourier-
domain Full-Field OCT (FD-FF-OCT) has been
introduced that uses a super-fast camera and a
swept laser source to parallelize signal
acquisition.

We have recently showed that a multimode fiber
can efficiently reduce coherence crosstalk noise
in OCT images [1]. Such a system enabled us to
visualize such hard-to-image retinal layers with
~5Mm spatial resolution. However, any standard
interferometer configuration, including in FD-FF-
OCT, wastes almost 75 % of light because it uses
50/50 beamsplitter. For example, light going to
the reference arm is practically all lost there
because of the strong attenuation necessary
when imaging biological tissue.

To this end, we use in this work the so called
high-throughput dark-field (HTDF) FD-FF-OCT
configuration (Figure 1) that relies on using an
asymmetric beamsplitter sending most of the
light onto a sample [2].
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Figure 1. Detailed scheme of high-throughput dark-
field Fourier-domain FF-OCT system.

It works in conjunction with a special mirror that
separates illumination and detection paths. The
configuration could also reject specular
reflections from the system if the reflecting plane
is properly oriented. Specifically, the
configuration employs 90/10 beampslitter,
instead of the 50/50, that efficiently uses the
available light budget and could enable
detecting more scattered photons from a
sample.

Such system can be important in retinal imaging
where light can be phototoxic to the human
retina since it would allow recording nearly two
times more photons and it would also permit
sending twice more photons, which is important
when the budget of light is limited. We have
implemented HTDF configuration in our retinal
FD-FF-OCT system and demonstrated 3.5 times
increase in signal on a USAF target sample
mounted behind a scattering layer (Figure 2).

Figure 2. SNR increase in the image of the USAF target
mounted behind a scattering layer obtained with high-
throughput FD-FF-OCT system (right) compared to a
standard FD-FF-OCT system (left).
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INVESTIGATION OF WIRELESS SENSOR NETWORK FOR
ENVIRONMENTAL MONITORING
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The integration of Internet of Things (lIoT) devices
into cloud computing platforms is an essential
component in the development of scalable,
flexible and efficient loT solutions. Cloud
computing offers the computational power,
storage, and services necessary for managing the
substantial volumes of data generated by loT
devices, as well as for performing complex
analytics on that data. The objective is to explore
the integration of loT devices within cloud
computing platforms. We delve into the technical
aspects, benefits, challenges, and potential
applications of this integration [1, 2].

A low-cost asynchronous web server for
monitoring temperature and humidity sensors
connected to the ESP32 Wi-Fi module has been
developed. To cover the long distance of
communication experiments with Long Range
(LoRa) ESP32 module has been established as
shown in Fig. 1 [3].

LoRa Sender

LoRa Receiver

Asynchronous webserver

am— X}
S rumany 40.00

Fig 1. LoRa sensor node architecture.

Data from sensor nodes across the facility are
collected and displayed in real-time charts on a
web server shown in Fig 2.

ESP Weather Station

DHT11 Temperature

Fig 2. Webserver data collection.

Multiple web clients on the same network can
access the sensor data. The proposed loT-based

temperature and humidity monitoring framework
comprises sensor nodes with an ESP32 Wi-Fi
module and a DHT11 sensor with 4 AA batteries as
the power supply has been running successfully
for the past few months in the FTMC laboratory
with Wi-Fi connectivity. The schematic of the
sensor nodes connected to the base station
directly is shown in Fig. 3.

Fig 3. Schematic of sensor nodes.

The estimated total power consumption of the
individual sensor node is presented below. In light
of the numerous communication channels, a duty
cycles of 10 min intervals are selected for this
operation of data collection.

POWER CONSUMPTION OF 4 SENSOR. NODE

Power Energy consumed Energy consumed

Mode Current Consumption per day per year
(mA) A
' (mW) kWh/day kWhivear
Deep Sleep 12 396 0.00095 0347
Normal 30 99 0.00237 0.867
Overall Total Power Consumption 1214
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VEKTORINIY NEHOMOGENISKAI POLIARIZUOTUY AIRY
PLUOSTU TYRIMAS
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Lazeriniy pluosty formavimas yra ganétinai nauja
ir besivystanti tyrimy sritis randanti savo
pritaikyma jvairiausiose mokslo Sakose.
Pavyzdziy galime aptikti medziagy apdirbime,
pluosto struktlra ypac svarbi norint preciziskai
iSpjauti, suvirinti ar kitaip paveikti medziaga.
Biomedicinoje tyrinéjant lasteles ir visokiausias
daleles, lazeriniai pluostai yra naudojami kaip
spastai medziagai sugauti ir jg valdyti. Kita labai
svarbi sritis, kurioje ypatingg vaidmenj atlieka
lazeriniy pluosty formavimas yra telekomunikacijos.
Norint patenkinti didele vartotojy paklausa
kei¢iantis duomenimis internetu, komerciskai jau
yra pradéti naudoti daugelio mody Sviesolaidziai,
kuriuose atskiros lazerinés modos atlieka atskiro
duomeny perdavimo kanalo funkcijas.

Siame darbe démesys yra kreipiamas j Airy tipo
pluostus. Airy pluostai tai laike ir erdvéje
sklindancios elektromagnetinés bangos
pasizymincios invariantiSkumu, kitaip tariant,
nedifraguojancios. Prie nedifraguojanciy pluosty
Seimos yra priskiriamos ir kitos Sviesos struktiros:
Beselio (ang. Bessel) ar Matjé (ang. Mathieu)
bangos. Visi Sie invariantiniai lauky sprendiniai
esant perturbacijoms aplinkoje, sklisdami -
atsistato ir sklidimo metu jy erdviné struktdra
iSlieka pastovi. Eksperimentiskai 2007 m. pirma
kartg Airy pluostus stebéjo mokslininkas
Demetrios Christodoulides su savo komanda i$
Centrinés Floridos universiteto [1]. Jie krintancio
Gauso pluosto faze moduliavo erdviniu Sviesos
moduliatoriumi ir leSiu atlike Furjé transformacija
CCD kamera stebéjo §j pluosta.

mo.8|E
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1 pav. Azimutinj (M) ir radialinj (N) Airy vektorinj
pluosta atitinkanciy lauky intensyvumo skirstiniai.

P. M. Morse ir H. Feshbach knygoje [2] yra
aprasytas bldas kaip iS skaliarinio lauko galima
suformuoti i atitinkancius vektorinius
sprendinius. Siame pranesime bus aptariama keli
tokius vektorinius sprendinius atitinkantys laukai
su radialine - azimutine (atvaizduota 1 pav.) ir
sferine - meridianine simetrija [3]. Siuose
nehomogeniskai poliarizuotuose Airy pluostuose
aptinkamos visokiausios egzotinés struktiros.
Tai, tiek fazéje tiek poliarizacijoje aptinkami
optiniai stkuriai, taip pat egzotinés kvazi-dalelés
[4] - stabilios lauko struktdros, pasizymincios
daleléms bldingomis savybémis, kurios taip pat
bus aptariamos pranesime ir atvaizduotos 2 pav.

-1 0 1

2 pav. Sferiskai poliarizuoto Airy pluosto Skyrmioninis
tankis atvaizduotas normalés poliarizacinei elipsei
dedamojoje, lauko koordinatés atvaizduotos
santykiniais vienetais.
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VEKTORINIY SUFOKUSUOTUY ZIDINIO MODY SKLIDIMO
DIELEKTRINEJE TERPEJE TYRIMAS
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Struktdrizuotos Sviesos inzinerija Siais laikais
sparciai vystosi dél placios galimy taikymy
jvairovés ir naudos ne tik optikoje, bet ir fizikoje
apskritai. Sis susidoméjimas kyla dél didelio
kontroliuojamy reiskiniy skaiciaus, tokio kaip
optiné trauka, optinis sukimas, savaiminis
atsistatymas, vaizdinimas ir sklidimas be
difrakcijos ir dispersijos. Sviesos pluosty difrakcija
yra viena S kliG¢iy lazerinéje komunikacijoje,
informacijos perdavime ir didelio atstumo
lazerinése sgveikose. Plintant pluostui, jo erdvinés
sudedamosios difraguoja, todél erdvinis profilis
iSkraipomas: pluosto matmenys didéja, o
intensyvumas mazéja. Nedifraguojantis pluostas
iSvengia difrakcijos plitimo konstruktyvioje
interferencijos zonoje, vadinamoje Bessel zona (1
pav.). Zinomiausias toks pluostas yra Bessel
pluostas. Taciau zinomi ir kiti pluostai - elipsinis
Matjé, parabolinis Veberis ar Airy pluostas.

Siuo metu esancios technologijos leidZia sukurti
trumpus, siekianc&ius keliy fs trukmeés,
nedifraguojancius impulsus, kuriy aprasymui yra
sukurta keletas modeliy (X-bangos, Bessel-X
impulsai, sufokusuotos zidinio modos (angl.
Focus Wave modes, trump. FWM) ir kt.).
Pastarasis modelis yra bendriausias
nedifraguojanio impulso aprasymas Vvisoje
medziagos dispersijos srityje. Vienas i$ pavyzdziy
parodytas (2 pav.).

G _ .
Ao pksikonas Beselio zona Tolimas laukas
pluostas

RN

1 pav. Bessel pluosto gavimo kligine prizme principiné
schema.

Detali FWM kampinés dispersijos kreiviy analizé
tiesinése dispersinése terpése pateikta darbe [1].
Nedifraguojancio impulso forma priklauso nuo
pradinés kampinés impulso dispersijos ir to,
kurioje medziagos kampinés dispersijos kreivés
srityje yra nagrinéjamo impulso neSantysis daznis.

2 pav. Sufokusuoty zidinio mody kampinés dispersijos
BK7 stikle, kai y = =0.628um, ir V/c: 0.629 (1), 0.63685
(2), 0.645 (3), 0.655 (4), 0.685 (5).

Vektorinés nedifraguojanc¢iy impulsy savybés
pasireiskia tuomet, kai impulsai astriai
fokusuojami ir impulsg sudaro tiek skersine, tiek
iSilgine kryptimis nukreiptas elektrinis laukas. Taip
pat vektoriné teorija leidzia aprasyti impulsus,
kurie pasizymi nehomogenine poliarizacija. Viena
is jdomiy sufokusuoty zidinio mody savybiy yra
galimybé kontroliuoti impulso grupinj greitj.
Priklausomai nuo kampinés dispersijos didumo,
grupinis greitis gali bati didesnis, mazesnis, lygus
Sviesos greiciui ar net neigiamas [2].

Siame darbe nagrinéjamos tiesinés, azimutinés ir
radialinés poliarizacijos vektorinés sufokusuotos
zidinio modos ir jy sklidimas tiesinéje terpéje, BK7
stikle. Taip pat aptariama neigiamo grupinio
grei¢io suformavimo galimybé. Sio darbo tikslas
yra iSanalizuoti vektoriniy sufokusuoty zidinio
mody sklidima tiesinéje dispersinéje terpéje.
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VEKTORINIY KONTROLIUOJAMO INTENSYVUMO
SKIRSTINIO PLUOSTUY PRITAIKYMAS LAZERINIAM |VAIRIY
MEDZIAGY MIKROAPDIRBIMUI
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Lazerinis  jvairiy medziagy mikroapdirbimas
naudojant ultratrumpy impulsy 3saltinius leidzia iki
keliy mikrony tikslumu pakeisti bandiniy formas bei
savybes: pjauti, grezti, abliuoti, jrasyti tadrinius
pakitimus. Kiekvieno atskiro proceso pagerinimui ir
pagreitinimui galima pasitelkti pluosto zidinio zonos
inzinerijg, kurios pagalba jmanoma efektyviau
paskirstyti pluosto intensyvuma erdvéje. |prastai
lazeriniam mikroapdirbimui yra naudojamas Gauso
pluostas turintis varpo formos intensyvumo skirstinj,
o S8is medziagoje sukelia nevienoda poveiki.
Medziagos poveikis labai priklauso nuo spinduliuotés
tankio, o kadangi Gauso pluosto centre jis yra
didesnis, jis labiausiai medziagg ir paveikia. Taciau
glotnds energijos tankio krastai gali dalyvauti
lazerinés spinduliuotés ir medziagos sgveikoje todél
daznai stebima aplinkiné medziagos poveikio
zona, kuri néra pageidautina. Sios
nepageidaujamos poveikio zonos sumazinimui yra
pasitelkiama pluosto zidinio zonos inzinerija, kur
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1 pav. a) Kontroliuojamas pluosto skirstinio formavimo
principas zidinio zonoje naudojant S-banginés plokstelés
pagrindu suformuotus optinius elementus su
nemodifikuotu centru. b) ir ¢) pavaizduoti antros eilés
banginés plokstelés formuojamy pluosty skirstiniai
zidinio zonoje prie skirtingy jeinancio pluosto dydziy.

panaudojant amplitude, faze ar poliarizacija
kei¢iancCius optinius elementus galima transfor-
muoti Gauso pluostyg | sudétingesnés struktdros
pluostus’.

Siame tyrime lazerio pluosto transformacijos zindinio
aplinkoje jvykdomos pasitelkiant lydyto kvarco taryje
suformuoty dvejopalauzianciy nanogardeliy pagrin-
du pagamintus optinius elementus2. Sios dvejopa-
lauziancCios nanogardelés yra ypatingos tuo, kad
lazerinio raSymo metu galima valdyti jy ilgj bei
optinés asies posukio kampga keiCiant jrasanciojo
pluosto energijg ir tiesinés poliarizacijos kampa. Tai
leidzia stiklo tdryje jrasSyti kontroliuojamos
orientacijos ir pozicijos struktiras®. Siuo pagrindu
pagamintas optinis elementas yra jautrus

krentancCio pluosto poliarizacijai ir gali ja lokaliai
pasukti arba pakeisti faze.

2 pav. Silicio pavirSuje isabliuoti krateriai prie su skirtin-
gomis pluosty konfiglracijomis ir pakartojimy skaiCiumi.

Siame darbe pademonstruojami keli S-banginés
plokstelés* pagrindu pagaminti elementai, kuriais
galima keisti pluosto zidinio intensyvumo skirsti-
nius (1 pav.). Pluosty transformacijos analizei buvo
pasitelktas skaitmeninis difrakcijos modeliavimas.
EksperimentiSkai replikuoti pluostai iSbandyti
sukeliant tdrinj poveikj stikle bei pavirSinius paki-
timus neskaidriy medziagy pavirsiuose (2 pav.).
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VIENASUVIY MODIFIKACIJY FORMAVIMAS LYDYTAME KVARCE
NAUDOJANT MHz IR GHz PAPLIUPAS
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Vienas populiariausiy stiklo pjovimo biady yra
atliekamas Beselio pluostu formuojant modifikacijas ir
mechanigkai atskiriant bandinj [1]. Siuo bidu pasiekiamas
didelis pjovimo greitis, kurj lemia keli aspektai. Pirma,
modifikacijos yra suformuojamos per visg bandinio storj,
todél raizymui uZtenka vieno pluosto skenavimo. Antra,
valdant skersiniy jtrokiy kampa galima formuoti jtrukius
iSilgai pjavio linijos [1]. Skersiniy jtrakiy formavimas ir jy
kampo valdymas leidzZia pozicionuoti pazeidimus didesniu
atstumu vienas nuo kito ir taip pasiekti aukstg pluosto
skenavimo greitj. ISilginés modifikacijos stiklo raizymui taip
pat gali bati suformuotos naudojant didelés smailinés galios
pluostus su kuriais suformuojamos Sviesos gijos [2]. Taciau
dél maZos skersinés paZzeidimo zonos (keli um) modifikacijos
turi bati formuojamos arti viena kitos, o tai apriboja
skenavimo greitj [3].

Sio eksperimento tikslas — pasinaudojus $viesos
gijomis suformuoti modifikacijas, kurios galéty potencialiai
bati pritaikytos stiklo raizymui.

Darbas buvo atliktas naudojant femtosekundinj
Carbide CB3-80W lazerj (Light Conversion), generuojantj
GHz (2,2 ps) ir MHz (62,5 MHz) paplitpas (1 pav.). Pluostas
buvo fokusuojamas | 1,45mm lydyto kvarco gyl
pasinaudojus 100 mm Zidinio nuotolio telecentriniu f-theta
leSiu. Tokios sistemos skaitiné apertira ~ 0,04.
Modifikacijos buvo formuojamos su MHz ir GHz
paplilipomis naudojant skirtingg paplilipos energija bei
skirtingg  impulsy skai¢iy paplilpoje. Suformuotos
modifikacijos buvo jvertintos su optiniu mikroskopu,
matuojant jy isilginius bei skersinius ilgius bei skersiniy
modifikacijy kampa (2 pav.). Kiekvienam reZimui jvertinti
buvo matuojamos 10 modifikacijy iS kuriy buvo
apskaiciuotos vidutinés vertés bei standartiniai nuokrypiai.

10 us
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N} | |
sS4 [T aa0ps >
= Z.ZH(?JI-IZ

o

£

<

Laikas
1 pav. GHz papliGpy sudaryty i$ 5 impulsy schema.

Eksperimente pademonstruotas modifikacijy
formavimas lydytame kvarce naudojant paplilipy rezimus.
Nors modifikacijos buvo suformuotos ir su MHz ir su GHz
papliGpomis, trumpesné trukmé tarp paplilpoje esanciy
impulsy leido suformuoti tolygesnes iSilgines modifikacijas.
Eksperimente suformuoty modifikacijy skersiniai ilgiai
leidZzia manyti, jog su Siame eksperimente naudojama
jranga galima bty pasiekti keliy m/s raizymo greitj.

a) b)

|
t LL“H\
X “;

500 pm
2 pav. Modifikacijy formavimo schema (a) bei iSilginiy
modifikacijy optinio mikroskopo nuotrauka (b). Cia Lt
atitinka isilginiy modifikacijy ilgj.
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BESROVIS CHEMINIS VARIO MIKRO TAKELIY NUSODINIMAS
ANT DIELEKTRIKO PAVIRSIAUS
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Spardiai besivystanciai elektronikos pramonei yra
poreikis gaminti vis kompaktisSkesnius bei
funkcionalesnius produktus. Tam yra ieSkoma
naujy technologijy bei metody. Selektyvus
pavirsiaus aktyvavimas lazerine spinduliuote arba
SSAIL (Selective Surface Activation Induced by
Laser) technologija galéty bati viena is
technologijy taikoma elektrai laidziy takeliy
gamybai [1]. SSAIL procesg sudaro trys etapai:
lazerinis pavirsiaus modifikavimas impulsinio
lazerio spinduliuote, modifikuoty viety
aktyvavimas joniniu kataliziniu tirpalu, besrovis
cheminis vario nusodinimas aktyvuotose zonose.
SSAIL procesas priklauso nuo jvairiy lazeriniy
parametry pavirSiaus apdirbimo metu: impulsy
pasikartojimo daznis, impulsy trukmé, impulsy
persiklojimo skenuojant pluosty, impulso
energijos, pluosto dydzio ant pavirsSiaus.

Geriausia zmogaus akis gali iSskirti dvi linijas,
kurios yra atskirtos mazdaug 0,12 mrad kampu
(pagal Reléjaus kriterijy laikant, jog vyzdzio dydis
-5 mm bei bangos ilgis 500 nm), tai atitikty
mazdaug 24 um atstuma tarp linijy zidrint j jas 20
cm atstumu nuo veido. Objektai 40 um plocio
(zmogaus plaukas) yra iSskiriami geros akies,
tacCiau laikoma, jog 20 um plocio objektai néra

iSskiriami. Suformavus siauresnius elektrinius
takelius ant skaidraus pavirsiaus, budty galima
teigti, jog pavirSius iSlieka skaidrus, taciau

papildomai jgyja tam tikrg laiduma, kurs jau
galéty bati alternatyva ITO (Indzio alavo oksido)
pavirsiams.

Tokiy struktlry formavimui ant silikatinio stiklo
bei plonos, lankscios polietileno tereftalato (PET)
plévelés buvo naudojamas Sviesos konversijos
Pharos lazeris su 320 fs impulso trukme, bei 515
nm spinduliuotés bangos ilgiu. Lazerio pluostas
buvo fokusuojamas mirkoskopiniu objektyvu |
mazdaug 4 um dydzio déme. Pluosto skenavimui
buvo judinami XY stalai ant kuriy buvo pritvirtinti

dielektriko  bandiniai. Skaidraus dielektriko
pavirsius buvo modifikuojamas naudojant
skirtingas impulso energijas, impulsy

pasikartojimo daznj bei impulsy persiklojima,
norint jsivertinti kaip priklauso suformuotos ir

metalizuotos linijos plotis nuo Siy lazeriniy
parametry. PavirSiaus modifikavimui taip pat
buvo naudotas ir eksikonas, kuriuo buvo

formuojamas Beselio pluostas norint sumazinti

suformuotos linijos plocio priklausomybe nuo
pluosto isfokusavimo pakitus atstumui tarp
apdirbamo pavirsiaus ir fokusuojancio elemento.

Eksperimentiskai pademonstruota, jog naudojant
SSAIL technologijg, ant skaidraus dielektriko
galima suformuoti keliy mikrometry plocio elektrai
laidzias struktlras. Pastebéta, jog didinant impulsy
pasikartojimo daznj, norint padidinti proceso
sparty, linijos iSplatéja iki keliy karty (Pav. 1).
Proceso greitinimui buvo iSbandyta impulsy
praleidimo strategija, kuri anksCiau parodé
teigiamus rezultatus su SSAIL technologija [2].

Impulso energijos tankis:
19,95 Jiem?®; 15,10 Jlem?®, 7,24 J/lem?; 4,11 Jlem?; 1,11 Jlom?

Impulsy
pasikartojimo
daznis:

10 kHz

50 kHz

100 kHz

Pav. 1. Metalizuoti takeliai ant PET plastiko, pavirsiy
modifikuojant skirtingomis impulso energijomis esant
skirtingam impulsy pasikartojimo dazniui bet tam
paciam atstumui tarp impulsy (75 nm)
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OPTINIY ELEMENTY FORMAVIMO SKIRTUMAI NAUDOJANT
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Nuolatos augantys optiniy elementy pavirSiaus
kokybés reikalavimai skatina tobulinti gamybos
technologijas. Tradicinis mechaninis stikly
apdirbimas tampa nepatrauklus dél tiesioginés
sgveikos tarp frezavimo jrankio ir medziagos
pavirsSiaus, kas lemia pavirSiaus mechaninius
pazeidimus [1]. Taip pat, sudétingos formos pavirsiy
mechaninis poliravimas yra neefektyvus dél ilgos
proceso trukmés ir rezultato tiesiogiai priklausancio
nuo darbuotojo kvalifikacijos [2].

Lazerinés technologijos leidzia suformuoti
norimos formos pavirSius be mechaninio kontakto
su medziaga. Taip pat, fokusuojant lazerine
spinduliuote yra galima formuoti <1 um dydzio
struktdras ir gana tiksliai suformuoti optinj elementag
[3]. Taciau, toks elementas dar negali badti
naudojamas optiniams taikymams dél per didelio
pavirsiaus SiurkStumo - yra reikalingas pavirsiaus
poliravimo etapas, kuris gali bati atliktas taipogi
panaudojant lazerine spinduliuote [4].

Optiniy elementy formavimui daznai yra
pasirenkami femtosekundiniai lazeriai dél stipresnés
netiesinés sugerties ir dél trumpesnés lazerinio
impulso trukmeés nei medziagos termalizacijos laikas.
Kita vertus, néra tiesioginio palyginimo, kaip
formavimo procesas priklauso nuo lazerinio impulso
trukmeés. Taigi, Siame darbe buvo atliekamas lydyto
kvarco abliavimo tyrimas panaudojant pikosekundinj
(10 ps) bei femtosekundinj (320 fs) lazerinius
atitinkamai generuojancius 1064 nm ir 1030 nm
bangos ilgio impulsus.

Eksperimenty metu buvo abliucjami 2x2
mm? dydzio ploteliai siekiant pasalinti kuo plonesnj
medziagos sluoksnj. Papildomai buvo matuojami
gauty ploteliy pavirsSiy SiurkStumai Sa. Gauti
duomenys parodé, kad su femtosekundiniais
impulsais buvo suformuotas apie 4 kartus mazesnio
SiurkStumo pavirSius (zr. 1 pav.). Taip pat abliacija
buvo 2.4 karty greitesné.

Galiausiai  abejomis  lazerinio  impulso
trukmémis ir iSlaikant vienodas salygas buvo
suformuotos lesiy matricos (Zr. 2 pav.), kurios
nupoliruotos iki optinés kokybés panaudojant CO2
lazerj. Gauta, kad pikosekundiniais lazeriniais
impulsais suformuotas elementas labiau sklaidé
lazerine spinduliuote dél 3 kartus didesnio galutinio
pavirsiaus SiurkStumo ir dél galimy stiklo po
pavirsiniy pazeidimy [5].

mm (a)
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0.0 o e T T T T
0.0 0.2 0.4 0.6 mm 0.0 0.2 0.4 0.6 mm

Pav. 1. Nufrezuoty pavirsiy topografijos, kai abliuota
buvo su femtosekundiniais (a) ir pikosekundiniais (b)
impulsais.

0 pm I 59 um

Pav. 2. Suformuotos leSiy matricos topografija. Vieno lesio
diametras yra1 mm. Formuota su pikosekundiniais
lazeriniais impulsais.
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LAZERINIS NERUDIJANCIO PLIENO SPALVINIMAS ULTRATRUMPUYJY
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Lazerinis spalvinimas yra ilgai iSliekantis ir
bekontaktis spalvinimo metodas, kuris yra
atsparesnis aplinkos poveikiams nei Kiti
spalvinimo bldai. Lazerinis spalvinimas jau dabar
yra naudojamas jvairiose pramonés Sakose.
Medicinoje jis naudojamas medicininiy
instrumenty zenklinimui spalvotomis zymomis,
identifikavimo etiketémis ar dekoratyviniais
rastais. Kadangi lazeriniam spalvinimui
nenaudojamos jokios cheminés medziagos ar
dangos, nekeliama papildoma rizika pacientams.
Kitos taikymo sritys: pakuociy ir prekiy
zenklinimas, anti-klastotiné priemoné bei
juvelyrikos pramoné. Siuo metu yra placiai
naudojamos apdirbimo  sistemos, kuriose
naudojami MHz, GHz vory bei bivory rezimai su
didele vidutine optine galia. Sie rezimai leidzia
gerokai padidinti abliacijos efektyvuma [1] bei
zenkliai pagerinti abliuojamo pavirsiaus
SiurkStuma [2]. Lazerinis spalvinimas priklauso
nuo daugybés lazeriniy bei medziagos
parametry, todél optimizuoti spalvinima yra
sunki ir daug laiko reikalaujanti uzduotis. Siame
darbe, naudojant femtosekundinj lazerj skirtingy
vory rezimuose buvo atliktas tyrimas, kurio metu
lazeriu buvo spalvinimas neradijantis plienas.
Eksperimente buvo tiriama spalvy
priklausomybé nuo skirtingo impulsy kiekio
vorose bei skirtingos vidutinés lazerinés galios.

Naudojant MHz ir GHz vory rezimus buvo gautos
tik rudos bei geltonos spalvos, tac¢iau naudojant
bivoros rezimg buvo gautas platus spalvy
intervalas: mélynos, violetinés, Zalios, geltonos
bei rudos spalvos. (1 pav.) matome, jog
parametry optimizavimas yra svarbi uzduotis,
nes parinkus optimalius parametrus (1 pav.
raudoni apskritimai) yra gaunamas zymiai
platesnis spalvy kiekis nei naudojant pusiau
optimalius (1 pav. zali trikampiai) ar ne optimalius
parametrus (1 pav. mélynos zvaigzdutés). Taip
pat buvo tiriamos lazeriu apdirbto plieno
pavirsiaus su pakeistomis spalvinémis
charakteristikomis vandens drékinimo savybés,

siekiant jvertinti gauty spalvy atsparuma
aplinkos poveikiams. Buvo pademonstruota, jog
visi ultratrumpy impulsy voromis nuspalvinti
metalo pavirSiai taip pat pasizyméjo ir
hidrofobinémis ar net kai kuriais atvejais super-
hidrofobinémis savybémis, kas daro pavirsiy
savaime nusivalanciu, o tai lengvina prieziltrg bei
didina tarnavimo laika.
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1 pav. CIE 1931 chromatiskumo diagrama. Juodas
trikampis parodo visas jmanomas spalvas, kurias
galima gauti naudojant XYZ spalvy modelj. Zali
kvadratai - bivoros rezimas su N =2 impulsais MHz
voroje, skenavimo greitis 100 mm/s; mélynos
zvaigzdutés - bivoros rezimas su N = 2 impulsais MHz
voroje, skenavimo greitis 333 mm/s; raudoni
apskritimai - bivoros rezimas su N = 8 impulsais MHz
voroje, skenavimo greitis 100 mm/s.
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Biologiniy  audiniy netiesinei mikroskopijai
reikalingi lazeriniai Saltiniai, kuriy bangos ilgis
patenka j audiniy skaidrumo langa (1,1 - 1,3 um) ir
turi mazus sklaidos sglygotus nuostolius [1]. Tokiu
bldu apsvietus artimosios infraraudonosios srities
spinduliuote audiniuose sugeneruota antroji arba
trecCioji harmonika neturi destruktyvaus poveikio ir
yra lengvai registruojama.

Dél riboto skaicCiaus lazeriniy Saltiniy, kurie gali
generuoti femtosekundinius impulsus Siame
spektriniame diapazone, daznai yra naudojama
netiesiné Sviesos konversija. Viena is
technologijy - optinis parametrinis stiprintuvas,
kurio realizacijai reikia konstruoti dideles ir
sudétingas sistemas [2]. Kita alternatyvi
technologija - priverstiné Ramano sklaida (SRS).
Jos metu kaupinimo spinduliuotés bangos ilgis
Ramano terpéje yra paslenkamas tam tikru, tai
terpei bldingu dydziu. Tokiu bldu jprastiniy
lazeriy bangos ilgis gali blti pastumiamas |
norima sritj. Sgveikos efektyvumas per viena lékj
Ramano stiprintuve dazniausiai yra mazas, todél
bangos ilgio keitimas gali bati realizuojamas
patalpinant netiesinj kristalg j rezonatoriy. Tipinis
kaupinimo impulsy pasikartojimo daznis (10-100
MHz) lemia kelis metrus siekiantj Ramano
rezonatoriaus ilgj. Tokioje optinéje schemoje
atsiranda dideli reikalavimai stabilizacijos
sistemai ir ji negali bati kompaktiska. llgas
rezonatorius yra jautresnis mechaniniui ir
Siluminiui poveikiui, o kompaktizuojant jo opto-
mechaniné schema darosi sudétinga.

Siai problemai spresti, pasitlytas metodas
Ramano stiprintuvui realizuoti pasitelkiant GHz
daznio impulsy paketus. GHz daznio impulsy
paketas turi turéti skirtingo intensyvumo
impulsus, kad pirmasis impulsas sugeneruoty
superkontinuuma, o tolesni impulsai stiprinty
sugeneruotus Ramano bangos ilgius tame
paciame kristale. Femtosekundiniai GHz impulsy
paketai formuojami FemtoLux30 (Ekspla)
lazeryje panaudojant aktyvia Sviesolaidine kilpg
[3]. Pries pradedant konstruoti kompaktiskg
Ramano rezonatoriy (keliy desSimciy cm eilés
optinio kelio ilgio), kaupinamga GHz pasikartojimo
daznio impulsy paketais, reikia iSsiaiskinti
sugeneruotos Ramano spinduliuotés pluosto
erdvines ir laikines savybes. Taip pat svarbu istirti
superkontinuumo generacijos ir SRS stiprinimo

savybes. Siam tikslui buvo surinkta vieno lékio
Ramano stiprintuvo schema, pavaizduota 1 pav.
Siame darbe pristatomi SRS stiprinimo ir laikinio
spaudimo rezultatai ultratrumpais impulsais.
Uzkratui buvo naudojamas superkontinuumas,
sugeneruotas 4 mm ilgio KGW kristale,
panaudojant nedidele dalj lazerio energijos. Likusi
spinduliuotés dalis buvo naudojama SRS
stiprinimui. Uzkratas ir kaupinimas buvo suderinti
laike panaudojant veélinimo linijg ir sutapatinti
erdvéje nekolineariai sgveikai 10 mm ilgio KGW
kristale. Nustatyta optimali impulso energija (~500
nJ) reikalinga sugeneruoti superkontinuumag su
kuria pasiekiamas 18 karty stiprinimas SRS
stiprintuve, panaudojant 26 U kaupinimo energija.
ISmatuota impulsy trukmeé po SRS stiprintuvo buvo
418 fs, o priziminiame spaustuve suspausta iki
109 fs. Daugiau rezultaty bus pristatyta
konferencijos metu.

1.

FemtoLux 30 |
GHz |
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1pav. Eksperimentiné schema: 1. Lazerinis Saltinis
2. Poliarizacinis pluosto daliklis 3. Superkontinuumo
generacijos dalis 4. Ateniuatorius 5. Vélinimo linija
6. SRS stiprintuvas 7. Prizminis impulsy spaustuvas.
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Compared to other metals, silver-based
coatings show great perspective in plasmonic
applications as silver has highest reflectivity as
well as lowest polarization splitting in broad
VIS-IR (400 - 10 000 nm) wavelength range [1,
47]. Also, silver (Ag) has the highest figure of
merit (FoM) for plasmonic applications (FoM =
Re{e}/Im{e}[4]) of any plasmonic material in
visible and near infrared range wavelengths [5].
Traditionally, silver coatings are successfully
applied as telescope mirrors for terrestrial and
space exploration missions.

To increase silver-based thin films performance,
aluminum doped silver films are being
researched. Recent study has shown Al doping
concentrations of 1- 2 % in Ag layer are beneficial
as they induce favorable changes in the dielectric
function by increasing alloy electron-to-atom
ratio [2], smoothens film surface roughness and
enhances film thermal stability [12]. Aluminum
concentrations in silver films above 2% increases
dielectric function imaginary part values, which
resemble increase in film optical losses [2],
despite further decreasing surface roughness
[3]. Decreased surface roughness induces AgAl
film permittivity and thus conductivity at much
lower film thickness of 6 nm compared to 11 nm
in pure Ag films [6] - highly promising factor for
plasmonic devices and hyperbolic

materials.

Anincrease of Al content up to 15 % in Ag-Al films
reduced surface roughness, nevertheless it leads
to the decrease of reflectance in the UV region.
Higher Al content is deleterious due to an altered
band structure associated with reflectivity loss in
the UV region. Surface roughness of the Ag-Al
mirrors decreased with an increase of Al content
from Rg = 1.7 nm (O % Al) to Rg = 0.8 nm (15 %
Al). It is caused by Al having lower diffusion due
to higher nuclear density and smaller particle size
compared to Ag. In current investigation
optimum concentration of Al doping is 8 %. Using
such Al concentration, surface roughness was
reduced by ==52 % compared to pure Ag
mirror.

100

=

90

80 .
——100% Ag
——95% Ag + 5% Al
——92% Ag + 8% Al
——90% Ag + 10% Al
85% Ag + 15% Al|

70
60
50

40

Reflectance, %

30
20 -/

10

0 1 L 1 L 1 L 1 L 1 L 1 n
Figure 1. Reflectance spectra of deposited Al-
doped silver mirrors in 230-1300 nm and 320-
500 nm range.
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DIDELES ENERGIJOS KELIY OPTINIY CIKLY NIR-SWIR-MIR
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Pav. 1. NIR-SWIR-MIR lazerinés sistemos eksperimentiné schema.

>30%. Tuo tarpu SC SWIR-MIR

infraraudonojo spektro (SWIR-MIR)

ilgiy diapazone (2-3 pym) yra naudingi g § N -
kristalais. Sustiprinty impulsy

diapazonas 1900-2400 nm sustiprintas trijy pakopy
nekolinearios konfiguracijos OPCPA, naudojant BiBO
impulsy spektriné

spektroskopijos, stipriojo lauko fizikos, chemijos,
biologijos ar medicinos srityse. Taip pat aukstyjy
harmonikuy, atosekundziy eilés koherentine
rentgeno ar didelés galios THz spinduliuotés
generavimo efektyvumas zenkliai auga didéjant
lazerinés spinduliuotés bangos ilgiui. O norint
generuoti atosekundinés eilés impulsus sintezés
badu, reikia ne tik padidinti didelés energijos keliy
optiniy cikly impulsy bangos ilgj, bet ir sukurti
didelio intensyvumo lazerines sistemas, veikiancius
vienu metu NIR, SWIR ir MIR diapazonuose su
vidine sinchronizacija [2].

Siame darbe yra pristatoma lengvai atkuriama
didelés energijos keliy optiniy cikly multispektriné
lazeriné sistema, pagrjsta optiniu parametriniu
Cirpuoty impulsy stiprinimu (OPCPA) ir nenuosto-
viuoju priverstiniu c¢irpuoty impulsy Ramano
stiprinimu (TSRCPA) su keliy oktavy superkonti-
nuumo (SC) spinduliuote kaip uzkrato Saltiniu ir 1.2
ps Yb:YAG kaupinimo lazeriu. Taip pat pirma karta
pademonstravome, kad TSRCPA gali papildyti
OPCPA stiprinant Salutinés bangos spinduliuote.

Lazerinés sistemos eksperimentiné schema
pavaizduota 1 pav. Bendras SC, OPCPA ir
TSRCPA kaupinimo Saltinis yra dviejy pakopy
Yb:YAG CcCirpuoty impulsy stiprintuvas (CPA),
kurio isvadiniy impulsy energija yra iki 20 mJ [3].
SC impulsai 1050-2400 nm spektro diapazone
kurie naudojami kaip uzkrato Saltinis tiek
TSRCPA, tiek OPCPA buvo generuojami YAG
kristale, naudojant nedidele dalj kaupinimo
impulso energijos. SC spinduliuoté NIR srityje
buvo stiprinama dviejose TSRCPA pakopose
KGW kristaluose, orientuotais atitinkamai | 901 ir
767 cm’ vibracines modas. Sustiprinty impulsy
spektriné juosta sieké ~-40 nm, o po TSRCPA
impulsai buvo suspausti naudojant SF11 prizmes
iki 135 fs. Sio stiprintuvo efektyvumas sieké

juosta sieké >300 nm, o iSvadiniy impulsy energija
2.2 mJ su rekordiniu 27% keitimo efektyvumu. Taip
pat sustiprinti impulsai buvo suspausti Suprasil-300
stiklo bloke iki 38 fs. Sie impulsai bus nukreipti j
auksto slégio dujy kamerg, uzpildytg H2, N2, SF6 ir
ju misiniais, siekiant iSplésti spektrg MIR srityje
suzadinant rotacinj TSRCPA. Tuo tarpu norint
padidinti Salutinés bangos spinduliuotés energija
buvo panaudota kolinearios konfiguracijos OPCPA ir
TSRCPA. Kaip kaupinimas ir Stokso uzkratas buvo
naudojami signalo ir Salutinés bangos iSvadiniai
impulsai po OPCPA. TSRCPA buvo naudota 45
mm KGW kristalas orientuotas ties 767 cm™
Ramano poslinkiu. Po stiprinimo Salutinés bangos
enegija padidéjo >30%, o impulsais su BK7 stiklu
buvo suspausti iki 53 fs.
Taigi mes sukiréme NIR-SWIR-MIR lazerine sistema,
pagrjsta keliy oktavy SC, OPCPA ir TSRCPA
kaupinama su 1.2 ps Yb:YAG CPA. TSRCPA pakopos
naudojant KGW, sudaro didelés energijos femto-
sekundinj lazerio Saltinj, kurio centrinis bangos ilgis
yra 1120 nm. Tuo tarpu trij7 pakopy OPCPA su BiBO
kristalais sudaro SWIR-MIR 38 fs lazerio impulsy
Saltinj, kurio iSvadinj energija yra ~2,1 mJ. Galiausiai
OPCPA kartu su TSRCPA gerokai padidina iSvadinés
bangos impulsy energijg SWIR diapazone. Taip pat
didelés energijos keliy optiniy cikly SWIR impulsai
bus nukreipti j auksto slégio dujy kiuvetes generuoti
kaskadine rotacine priverstine Ramano sklaida
iSplésti impulsy spektrine juosta link 3.
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SANJAKO EFEKTU PAGR|STAS NEAPGREZIAMAS FAZES
POSTUMIO |RENGINYS
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Ankstesniame darbe midsy grupé pademonstravo
modifikuotg Sanjako (Sagnac) interferometro
schema, kuri gali veikti kaip optinis izoliatorius.
Tokio prietaiso esmine dalj sudaro greitai
besisukantis diskas, ant kurio sumontuotas
skaidulinis Sanjako interferomentras [1]. Fazés
poslinkis atsirades deél Sanjako efekto priklauso
nuo Sviesos sklidimo krypties disko sukimosi
atzvilgiu ir prie tam tikro greiCio jis yra lygus
tn/2. |vedus papildoma fiksuotg fazés poslinkj
/2 mes gausime bendra fazés poslinkj o $viesai
sklindanciai kryptimi sutampancia su disko
sukimosi  kryptimi ir O Sviesai sklindanciai
prieSinga kryptimi. Naudodami du lygiagrecius,
taCiau prieSinga kryptimi orientuotus kanalus,
kuriais sklinda Sviesa, mes galime §j tarp kanaly
atsiradusj faziy skirtumg panaudoti poliarizacijos
pasukimui ir pluosty atskirimui ant
poliarizuojancCiy elementy. Tokiy buddu Sviesa
jvesta | sistemg per tam tikros poliarizacijos
kanalg, grjzta tuo paciu keliu atgal ir iSeina pro
kitg, orientuotg statmenai jvedimo kanalui.

90 deg

splicing

Circulator

ﬁ Laser
1063 nm

Polariser

1 pav. Eksperimento schema.

Siame darbe mes istyrinégjome alternatyvia tokio
prietaiso schema (1 pav.). Taipogi susikoncen-
travome ne tik | patj Sviesos blokavimo aspekta,
bet ir | kitg Sio prietaiso savybe - neapgreziama
fazés postimj. Poliarizuota lazerinio diodo Sviesa
praeina pro Sanjako kilpa ir iSeina per poliarizacinj
kuba j galios matuoklius Det 7 ir Det 2. Cia ji yra
atspindima veidrodzio pagalba ir grazinama |
sistemg atgal tuo paciu keliu. Matuoklis Det 3
fiksuoja grjztanCios Sviesos galia. Skaidulos
atkarpos temperatlra yra parenkama taip, kad
baty pasiektas maksimalus pralaidumas pro
poliarizacinj kubg (min. ant Det 7). Grjztancio
spindulio galia, kurj atitinka nekompensuojamg
fazés postimj pavaizduoty 2 pav., o temperatdros
kreivé 3 pav.
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2 pav. ISmatuota grjztancios Sviesos galios
priklausomybé nuo disko sukimosi grecio (aps./min).
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3 pav. Temperatiros kreivé prie skirtingy disko greiciy.

ReikSminiai Zodziai: neapgreziamas fazés poslinkis,
Sanjako efektas, optinis izoliatoriu.
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Introduction:

Additive manufacturing has revolutionized the
production of advanced materials, enabling the
creation of intricate ceramic composite
specimens with remarkable properties. These
materials find applications in diverse fields, from
aerospace to biomedical engineering. To ensure
the structural integrity and performance of these
composites, it is crucial to accurately determine
their elasticity, including the Young's modulus
and damping ratio. In this article, we present a
dynamic method for the precise evaluation of
these mechanical properties through modal and
harmonic analysis.

Principle of Modal Analysis:
Modal analysis is a widely adopted technique for
understanding the dynamic behavior of
structures. It involves exciting a specimen at
various frequencies and recording its response
to determine the natural frequencies and mode
shapes. The Young's modulus can be obtained
from the natural frequencies using the formula:
pw?

E = ?
where E is the Young's modulus, pis the material
density, wis the natural frequency, and @ is the
mode shapell].. Furthermore, modal analysis
also offers insights into the damping
characteristics of the material, which are crucial
in assessing its energy dissipation abilities [2].

Figure 1. Harmonic analyze setup.

Principle of Harmonic Analysis:

Harmonic analysis complements modal analysis
by focusing on the response of a specimen to
harmonic excitation at specific frequencies. By
applying a known force, we can measure the
specimen’s displacement response. The Young's
modulus and damping ratio can be derived from
the amplitude and phase lag of the response,
respectively [3].

Conclusion:

The dynamic method presented in this article
provides a robust and accurate means of
determining the Young's modulus and damping
ratio of additively manufactured ceramic
composite specimens. By employing modal
analysis, we gain insights into the material’s
natural frequencies and mode shapes, which are
essential for predicting its behavior under
various loads. Harmonic analysis, on the other
hand, offers valuable information about the
material’s response to specific frequency inputs,
helping us understand its elasticity and energy
dissipation characteristics.

Understanding these mechanical properties is
critical for optimizing the design and performance
of ceramic composites, leading to advancements
in a wide range of applications. As additive
manufacturing continues to evolve, the ability to
assess the elasticity of these innovative materials
dynamically will be invaluable.
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INFLUENCE OF POWDER PARTICLE SIZE ON THE CHARACTERISTICS
OF ALLOYS FORMED BY DIRECT METAL LASER SINTERING

Ada Steponavicitté, Ricardas Petkus, Karolis Stravinskas, Genrik Mordas
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Savanoriu st. 231, LT-02300 Vilnius, email: ada.steponaviciute@ftmc.It

Additive manufacturing (AM) is a manufacturing
technology used for 3D object production which
opens a pathway to fabricate complex parts due
to the high geometrical flexibility of the
technology [1]. Direct Metal Laser Sintering
(DMLS) is one of the most widely applied metal
AM technologies, where, in a layer-by-layer
fashion, bulk parts are created by selective
sintering and consolidation of thin powder layers
using a laser beam [2]. DMLS can be used for
part fabrication using different metals and their
alloys, but in order to ensure uniform formation
of a metal alloy by DMLS it is necessary to
understand how the quality of the alloy changes
depending on the size distribution of the metal
particles used.

In this study, test specimens were produced from
17-4PH stainless steel powder of three different
particle size distributions: 0-40 ym, 40-63 um
and 0-63 uym. Powder screening was performed
in-house with a laboratory powder screening
device. Different volumetric energy density
values ranging from 20 to 80 J/mm?3® were
applied in the EOSINT M280 DMLS machine for
specimen manufacturing.

Specimens were evaluated by performing their
density, hardness and surface roughness
measurements.

The measurement results have shown that for all
three powder mixtures (0-40 um, 40-63 um and
0-63 um) the best density, hardness and surface
roughness values are achieved when the
volumetric energy density applied during the
printing process was in the range from 65 to 75
J/mm3. The specimens printed from the powder
mixture with a particle size distribution of 0-40
pm had the highest density (7.755 g/cm3),
hardness (98.6 HRB) and surface roughness
(7.466 um) values while specimens printed from
the powder mixture with a particle size
distribution of 40-63 um had the lowest: 7.677
g/cm3, 93.6 HRB and 15.946 um accordingly.
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TIMING RESOLUTION OF LOW GAIN AVALANCHE DETECTORS
AFTER IRRADIATION UP TO HIGH FLUENCES
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The high luminosity upgrade of the Large Hadron
Collider (LHC) will result in higher particle collision
rates, but current equipment is not up to par with
this future era of operations. Identification and
reconstruction of hard interactions may be
hampered by the spatial overlapping of particle
tracks and energy deposits from additional
collisions, and this often leads to false triggers. In
addition, current particle detectors suffer from
radiation damage that severely affects the
accuracy of results and detector longevity [1]. The
new minimum ionizing particle (MIP) timing
detector will be equipped with low gain avalanche
detectors (LGADs) which have a small timing
resolution that helps with accurate particle track
reconstruction and their thin design limits
radiation damage over time [2].

The aim of this work was to build an experimental
set-up to study the timing resolution of these
detectors closely. The set-up consisted of two
parallel LGADs that recorded signals of incident
particles. The time difference between two triggers
was used to estimate the timing resolution, which
depends on multiple factors: Landau fluctuations,
Time-Walk, jitter, distortion and time-to-digital.
With this experimental set-up the challenge was
to minimize these contributions to get an
accurate timing resolution.

Firstly, the experimental set-up was built and
characterized using reference samples with known
timing resolution. Later the measurements were
performed with highly irradiated samples to study
how radiation damage impacts the detector
accuracy. The bottom sensor was cooled by a
Peltier cooler to reduce annealing and noise due to
the radiation damage. The results were analyzed
using Python and a result of 33+2 ps (Fig. 1) was
measured for the reference samples and 62+2 ps
for the 8.0 x 10™ proton irradiated sample. This
work also included a study of different particle
pulse signal analysis techniques, most notably
the constant fraction discrimination, which is
used to reduce the effects of Time-walk. It was
found that a value of 35% provided the most
accurate results.

Non-irradiated sample (second run), N = 8192

Time spread using k_CFD = 0.35
o(Time spread) = 47.19 ps Noise

— fit c2
Cc3
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Figure 1. Results of a reference sample, where timing
resolution was measured to be 33+2 ps. Top left -
Timing difference histogram with a Gaussian fit, top
right - noise of both detectors, bottom left - signal-to-
noise ratio, bottom right - rise time of signal. C3
indicates the sensor on the bottom of the set-up and
C2 the top sensor.
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AKTYVAUS GALAKTIKOS BRANDUOLIO KURIAMOS
TEKMES POVEIKIS ZVAIGZDEDARAI

Martynas Lauzikas, Kastytis Zubovas

Fiziniy ir technologijos moksly centras, fundamentiniy tyrimy skyrius
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Dauguma masyviy galaktiky centre turi itin
masyvig juodajg skyle (SMBH). Ji suformuoja
didziausio Sviesio, pastoviai Svieciancius
objektus Visatoje - aktyvius galaktiky
branduolius (AGN), kurie yra neatsiejamas
masyviy galaktiky evoliucijos etapas. Aktyvumo
epizodai yra bldingi didele santykine dujy mase
turinCioms galaktikoms, tipiniu atveju tai jaunos
diskinés galaktikos.

Diskinéms galaktikoms yra bddinga skersé -
keliy kpc dinaminé struktdra suformuojanti
besisukantj potenciala. Sis potencialas formuoja
medziagos srautus | centrine galaktikos dalj, kur
Sios dujos suformuoja keliy Simty parseky
skersmens ziedines-diskines struktdras
apibtddinamas kaip centriné molekuliné zona
(CMZ). Sioje zonoje vyksta zvaigzdédara, o
susikaupusios dujos patekusios | SMBH aplinka
suformuoja AGN kuris sukuria grjztamajj rysi.

AGN spinduliuotei artéjant prie Edingtono
ribos (Lggqq), medziaga efektyviai iSstumiama i
gravitacinio potencialo, suspaudzia supancias
dujas, formuoja smuigines bangas - susiformuoja
tékmés. Budingi tékmiy greiciai yra keli Simtai,
taciau gali siekti ir tokstancius km s. Sios
tékmés tipinius molekulinius debesis suardo,
zvaigzdédara yra slopinama. Taciau CMZ
esantys molekuliniai debesys néra tipiniai,
pasizymi eilémis didesniu vidutiniu tankiu bei
temperatdromis lyginant su zvaigzdédaros
regionais galaktikos diske. Sias CMZ esancias
tankias dujas AGN suformuotos tékmés gali
suspausti ir inicijuoti ar paspartinti jau
vykstancig zvaigzdédara.

Ne iSimtis yra ir madsy Galaktika, nors Siuo
metu ji néra aktyvi, pasizymi maza spinduliuote
iS centrinés SMBH, taciau virs galaktikos disko
esantys kiloparseky dydzio Fermi burbulai rodo
galimg aktyvumo epizodg per kelis pastaruosius
min. mety. Dél stebéjimy duomeny gausos
tikslinga istirti sistemos artimos musy Galaktikos
centrinei daliai evoliucijg ir nustatyti AGN
aktyvumo epizodo poveikj CMZ esancios
dujoms, zZvaigzdédaros spartai bei
susiformavusiy zvaigzdziy dinamikai.

AGN suformuotos tékmeés ir CMZ saveikos
tyrimui pasirinktas hidrodinaminis modeliavimas.
Darbe naudojamas hibridinis SPH/N-kdny kodas
GADGET 4 [1]. Modeliuocjama dujy hidrodinamika,
gravitacija, Siluminiai procesai, AGN grjztamasis
rysys ir zvaigzdédara.

Modeliuojama 3 kpc spindulio centriné
galaktikos dalis, kurios savybés artimos mdasy
Galaktikai. Centre patalpinta 4 X 10® M, SMBH,
kurig supa 80-160 pc spindulio CMZ, kurj
papildo skersés dujy srautas. Modeliuojamos 3
sistemos kuriy AGN $viesiai - 0,0; 0,5; 1,0 Ly,
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1 pav. Zvaigzdziy spieciy radialiniai greiciai
SMBH atzvilgiu. AGN Sviesis didéja iS kairés |
deSine.

Pateikti vidurkiai, kvartiliai bei individualiy
spieciy greiciai (spalvoti apskritimai).

Nustatyta, kad AGN aktyvumas pasalina
dujas i$ centriniy desimciy pc, suformuodamas
asimetrinj tankiy dujy ziedg buddingg stebimai
Galaktikos CMZ. Sio ziedo morfologija bei dujy
savybés mazai priklauso nuo AGN Sviesio, tac¢iau
esant vidutiniam 0,5 Lgyy Sviesiui iSauga
zvaigzdédaros sparta, o susiformave spieciai
savo mase yra artimi Galaktikos CMZ
bldingiems spieCiams. Bet spieliy orbitos dera
su stebéjimy duomenimis tik esant Edingtono
Sviesiui (1 pav.). Tai rodo, kad dabartiné
Galaktikos CMZ biklé yra ~Lggq Sviesio AGN
epizodo jvykusio pries 5-7 min. m. rezultatas, o
masyviy spieciy desSimc¢iy pc nuo SMBH
egzistavimas yra galimas galaktikos aktyvumo
indikatorius.
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INFLUENCE OF SILICON CARBIDE ON ALLOYS FORMED
BY LASER METAL 3D PRINTING

Karolis Stravisnkas
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17-4 PH stainless steel is one of the most commonly
used materials in the SLS process Fig. 1 due to its
mechanical properties and corrosion resistan-
ce. Despite these advantages, the alloy has a
rough surface and is known for its brittleness.
Ceramic materials are not suitable for direct laser
sintering, but are increasingly being used as a
fastening material for a metal matrix. The search
for metal-ceramic composite mixtures with
thermal conductivity, low expansion coefficient
and strength is becoming one of the most
important research directions in the field of
high technology.
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Fig 1. Schematic diagram of Selective Laser
Sintering [1]

17-4 PH metal material and metal-ceramic
composite mixture of which 94% of the mass
consists of 17-4 PH powder and the remaining 6% -
SiC ceramic particles are used for the study Fig.2.
During the experiment, an EOS M280 laser printing
machine is used to form 3D objects. During all
printing processes, the powder layer thickness of
40 uym is maintained, as well as the hatching
distance of 100 yum and the laser power, which
reaches 164 W. The laser scanning speed is
changed, obtaining different energy densities,
which are selected as 61, 67 and 73 J/mm3. The
obtained samples were analysed by using SEM
EDS, optical profilometer, as well as performing
density, strength and hardness measurements.

g ; = ~
©FTMCLTS - SOKV ;. X1005 100pm FIMCLTS

#20kV X100/ 400um

17-4PH Sic
Fig 2. Composite mixture of 17-4PH stainless
steel and SiC.

It was found that the surface of the composite alloy
has a more uniform surface, the roughness is
reduced by 30% and ranges from 8 to 16 ym, and of
the 17-4 PH material from 12 to 26 ym depending
on the energy density. The mechanical property
measurement results showed that the strength limit
of the composite material dropped by 20% and
reached 766 MPa, while for the 17-4 PH material it
was 988 MPa. The hardness of the 17-4 PH + 6%
SiC mixture decreased by 8% to 92 HRB, while for
the metal alloy it reached 98 HRB. However, the
results of the relative elongation showed that
value of relative elongation for the composite
mixture is 8.5% higher than 17-4 PH.
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Fig 3. Comparison of properties of SLS printed
samples from 17-4 PH and 17-4 PH + 6% SiC mixture.
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PLASMONIC DIFFRACTION GRATINGS FOR THz EMISSION
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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'. A lot of research and
development work have been conducted in
both the microwave and infrared bands over
the past 50 years as well as in the THz band, but
there were no extraordinary breakthroughs.
Many potential applications have been
identified which include important areas such as
imaging, defence, security, biology and
medicine?. However, so far very limited
applications have been realized - this is largely
due to the difficulties to generate THz waves
with enough power levels at a reasonable cost
although significant progress in the generation
of high-power THz signals has been made.
Among various techniques for terahertz
generation, photoconductive antennas (PCASs)
have been extensively utilized to generate
pulsed terahertz radiation® and are still the most
common means of THz generation and
detection. A photoconductive terahertz emitter
consists of an external optical pump, an antenna
located on a photoconductor, and a bias
voltage. When a sub-picosecond optical pump
is incident on an ultrafast photoconductive
material, electron-hole pairs are generated, and
these electron-hole pairs move under the
applied external bias electric field to generate a
photocurrent. The induced photocurrent change
in time is directly proportional to the emitter
THz radiation pulse.

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. The
wavelengths of the surface plasmons may be
much smaller than those of freely propagating
electromagnetic waves, making them ideal
candidates for high frequency and compact
electronic-photonic systems.

The simulation is done based on the Finite-
Difference Time-Domain (FDTD) method. Our
structure consists of a series of gold diffraction
gratings on a Gallium Arsenide (GaAs) layer.
The optimized dimensions of gold grating found
to be 320 nm width and 120 nm height. The
absorption gradient induced by SPPs has been
shown in (Fig.1a). Also, the PCA was already

fabricated with FIB milling technique (Fig.1b).
The latter device is a semiconductor crystal
excited by femtosecond laser pulses. 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.
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Fig. 1: @) Absorption in 500nm GaAs at
wavelength=780 nm, b) SEM image of the fabricated
structure with FIB milling technique.

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 enhancement of
photo-absorption at the surface of the
plasmonic PCA will finally lead to a higher and
sharper THz pulse radiation. It is worth to
mention that this absorption is achieved in 500
nm GaAs depth.

References

1. Huang, Y., Khiabani, N., Shen, Y. & Li, D. Terahertz
photoconductive antenna efficiency. in 201
International Workshop on Antenna Technology
(IWAT) 152-156 (IEEE, 201D).
doi:10.1109/IWAT.2011.5752384.

2. Jooshesh, A. et al. Plasmon-Enhanced below
Bandgap Photoconductive Terahertz Generation
and Detection. Nano Lett. 15, 8306-8310 (2015).

3. Zhang, X., Zhan, F., Wei, X., He, W. & Ruan, C.
Performance Enhancement of Photoconductive
Antenna Using Saw-Toothed Plasmonic Contact
Electrodes. Electronics 10, 2693 (2021).



FIZINIY IR
TECHNOLOGIJOS MOKSLY
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Phthalocyanines (Pc) and metal-containing phthalocyanines
(MPc) are molecular complexes of wide interest. Due to
spectroscopic properties the complexes may be applied in
photodynamic therapy or in organic photovoltaic systems
[1,2]. Pc and MPc are also good model systems used in
photosynthesis studies [3]. One of the most promising but
not fully understood phenomenon observed in Pc and MPc
is concentration quenching (CQ) of fluorescence, which is
observed as a decrease of fluorescence quantum yield when
the material concentration increases.

For photosynthesis applications it is important to study CQ
in solutions (CQ in MPc thin films was studied in [1], that is
important, e.g., for optoelectronic applications). In this
work CQ is studied both in Pc (2,9,16,23-TETRA-TERT-
BUTYL-29H,31H-PHTHALOCYANINE, or simply TTB) and MPc
(ZINC 2,9,16,23-TETRA-TERT-BUTYL-29 H,31 H-
PHTHALOCYANINE, or ZnTTB) solutions. Both complexes
were solubilized in CHCIz and DCM. The point here is to
observe the difference in CQ phenomenon between Pc and
MPc. Fluorescence spectra and decay kinetics in
combination with single- and multi-exponential fits provide
information about CQ phenomenon observed. To avoid
reabsorption effects, samples are prepared between two
thin glasses. Detailed experimental analysis and discussion
will be presented at the conference.

a) b)

Figure 1. Chemical structure of the studied ZnTTB (a)
and TTB (b) molecules

Fluorescence kinetics of TTB in DCM (A, = 375 nm)
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Figure 2. Normalized fluorescence decay kinetics of
TTB in DCM at three different molecular concen-
trations (excitation wavelength » = 375 nm, emission
wavelength A = 703 nm).

Figure 2 shows the CQ phenomenon observed in TTB in
DCM. The fastest kinetics here is observed for a sample with
a concentration of 10 mM/I, and the slowest for a sample of
0.1 mM/I.
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NON-DESTRUCTIVE INVESTIGATION OF METALLIC WASTE BY USING
GAMMA SPECTROMETRIC MEASUREMENTS AND MCNP6 MODELING

Kristina Mikalauskiené, Marina Konstantinova, Darius Germanas, Rita Plukiené,
Elena Lagzdina, Artdras Plukis ir Vidmantas Remeikis

Center for Physical Sciences and Technology, Department of Nuclear Research
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One of the important tasks for a smooth and
successful decommissioning process of a nuclear
power plant is the optimisation of the
management of radioactive waste through its
effective characterization, grouping, separation
and decontamination [1]. In order to effectively
characterize low-activity metal waste, surface
contamination should be determined through
non-destructive y-spectrometric measurements or
by combining dose rate measurements with y-
spectrometry.

The aim of this study is to investigate the y-spectra
of sources of ©°Co (corrosion product, a
radionuclide mainly produced by neutron
activation) and "’Cs (a fission product
characteristic of surface contamination) under
different shielding conditions of metallic waste to
identify parameters that could be used to
distinguish between surface and volume activity
using gamma spectra measurements and MCNP6
modelling [2].

The study performed using different detectors:
two high-purity germanium (HPGe) and a cerium
bromide (CeBrz) scintillation detector. HPGe
detectors are known for their high relative
efficiency (over 25%) and excellent energy
resolution (2.0 keV at 1.332 MeV). While the
energy resolution of CeBrsz detectors may not
match HPGe detectors, but they are lightweight
and portable, suitable for identifying ¢°Co and
¥7Cs radionuclides and other radiological
monitoring tasks.
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Fig. 1. Comparison of spectra of 137Cs and ¢°Co sources
shielded by the different thickness of metal plates
(HPGe detector case)

Experiments using ®°Co and ¥Cs shielded by
metal plates of different thicknesses show the
possibility to distinguish between a surface source
and an internally activated (volume) source.
Compton scattering to the photo-peak ratio
changes with increasing metal layer thickness as
shown in Figure 1, 1cm thickness of the shield
results increses of the Compot/photo-peak ratio
by 5-10 %.
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Fig. 2. Modelled gamma spectra of 6°Co and ™7Cs
sources at different conditions of metal shielding
between mentioned sources for HPGe detector

Comparison of the measured and simulated data
of gamma spectra (see Figure 2) of shielded point
sources of 8°Co and ¥’Cs shows that there is a
good agreement between the experimental and
the simulated results, the same is valid for the ratio
of the Compton scattering edges to the
photopeak. That means, that anlalysis of the
intensity and Compton /photo-peak ratio along with
modeling can help to detemine unknown ®¥’Cs and
60Co sources distribution in the metal waste. This
technique can be effectively applied for the sorting
of radioactive waste and for the assessment of
nuclide vectors for final disposal sites.

This research was partly funded by the 2019-2020
Euratom Research and Training Programme under grant
agreement No 945098.
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AEROSOL OPTICAL PROPERTIES AND BLACK CARBON SOURCE
APPORTIONMENT IN VILNIUS AND WARSAW DURING THE WARM
SEASON OF 2022
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Our research was motivated by the necessity to
investigate aerosol optical characteristics,
namely absorption, scattering and single
scattering albedo (SSA), and black carbon (BC)
source contribution and mass concentration in
two neighbouring capitals: Vilnius and Warsaw.
The measurement sites in urban (Warsaw) and
urban background (Vilnius) environments were
equipped with Aethalometers (AE33) and
Nephelometers (TSI model 3563 in Vilnius and
Aurora 4000 in Warsaw). The measurements
took place simultaneously from May to August
2022. BC source apportionment was performed
using the Aethalometer model to assess the
contribution of fossil fuel combustion and
biomass burning [1].

Using data from measurements of light
absorption and scattering, aerosol types were
classified via the Absorption Angstrém
Exponent (AAE) and Scattering Angstrém
Exponent (SAE) optical division scheme
suggested by Cappa et al. (2016). The results
revealed that the “BC-dominated” aerosol type
was the most prevailing (92% in Vilnius and 88%
in Warsaw) throughout the warm season in
both sites. Meanwhile, the second most
abundant mixing state was “Large particle/BC
mix” which comprised 6% in Vilnius and 1% in
Warsaw. Mostly during May, both in Vilnius and
in Warsaw, 1% of particles were attributed to
“Mixed BC, BrC” type which also correlated with
the higher contribution of biomass-burning-
related BC (up to 30%).

BC source apportionment results showed that
fossil fuel combustion contributed the most to
BC pollution at both sites (84% in Vilnius and
86% in Warsaw), despite the different proximity
to major  roads. Observed BC mass
concentration patterns were similar at the two
sites throughout the campaign. Although,
differences were observed in the absolute level
of the wvalues: a 40% higher BC mass
concentration was observed in Warsaw (1.1
ng/m3) compared to Vilnius (0.7 pg/m?3).

The study provides a better understanding of
aerosol optical characteristics, prevailing aerosol
types and black carbon source contribution
during the warm season in urban environments
in the capitals of Poland and Lithuania.
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COBALT-PHOSPHORUS CATALYSTS FOR HYDROGEN
GENERATION REACTION

Huma Amber, Karina Vjunova, Zita Sukackiene, Irena Stalnioniene,
Loreta Tamasauskaite-Tamasiunaite, Eugenijus Norkus
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Hydrogen (H2) is regarded as one of the most
promising and cleanest renewable energy
resources due to its high efficiency, nontoxicity,
pollution-free nature, sustainability, and value as
a long-term replacement to fossil fuels [1].
Nowadays, hydrogen storage is a major issue.
Among chemical hydrides, sodium borohydride
(NaBH4) provides safe and practical means of
hydrogen storage and production at an
economical cost. NaBH4 has a high hydrogen
storage density of up to 10.8 wt.%, and can
produce hydrogen by a hydrolysis reaction [2].

In this work, cobalt-phosphorus (Co-P) catalysts
with different compositions have been deposited
on the copper sheet substrate using the
electroless metal deposition method. The
reducing agent was sodium hypophosphite
(NaH2PO3). The microstructures of the as-
prepared Co-P catalysts and their catalytic
activities for hydrolysis of NaBH4 are analyzed in
relation to pH value and NaH>PO, concentration.
Scanning electron microscopy (SEM) and
Energy-dispersive X-ray spectroscopy (EDX)
were used for the characterization of the surface

morphology, structure and composition of
prepared catalysts.The catalytic activity of the
Co-P coatings for hydrogen generation from an
alkaline NaBH4 solution was examined. In
particular, the Co-P (5%P) catalyst formed using
the plating bath operated at pH 10 at a
temperature of 80-.C exhibits the highest
hydrogen generation rate of 5.75 ml min™ in
5 wt% NaBH4 + 0.4 wt% NaOH solution at 343 K.
Meanwhile, the lowest activation energy was
determined to be 78.04 kJ mol™.
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APPLICATION OF COMPUTATIONAL METHODS IN THE DESIGN OF
MOLECULARLY IMPRINTED POLYMERS
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Molecularly imprinted polymers (MIPs) are
synthetic receptors fabricated by polymerizing
functional monomers in the presence of an
analyte to form tailor-made cavities for the
target molecules [1,2]. Thus, MIP synthesis
includes a) Selection of reagents e.g. monomer,
crosslinker, solvent b) Polymerization c¢)
Template removal d) Selective recognition
through rebinding steps [3]. The rapid
development of computational methods such as
molecular mechanics, molecular dynamics,
Monte Carlo, guantum mechanics, and statistical
simulations finds extensive applications in the
design of molecularly imprinted polymers (MIPs).
These computational methods have been applied
to help researchers in the stepwise process of
MIP preparation. Calculations are applied for the
selection of reagents e.g., monomer, crosslinker,
and solvent for the MIP formation and finding the
optimal ratios. It is also represented that the
polymerization step has been successfully

modelled, and as a result, promising MIPs
fabricated. This made the analysis of polymer
and binding mechanism plausible. Then,
simulated MIP-template complex for evaluating
recognition of specific targets and binding
affinities is itemized. The reviewed papers
confirmed the significance of computations in
the MIP design.
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STUDY OF POLYURETHANE COMPOSITION WITH
BETAINE-BASED DEEP EUTECTIC SOLVENTS
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Deep eutectic solvents (DES) were described by
Abbott and co-workers in 2003 [1] which are an
example of such solvents. DES can be formed
from two or more compounds without the need
for chemical reaction or ionic exchange and that
upon mixing at a certain ratio undergo a high
melting point reduction, when compared to their
individual component [2]. Frequently, one solid
compound acts as a hydrogen bond donor, while
another solid behaves as a H-bond acceptor. At
least one must be a solid, otherwise there would
be no eutectic effect. After mixing, they can
eventually liquefy due to H-bond transformations
and decrystallization.

This green and sustainable solvents is promising
in their applications in polyurethane (PU)
formulations. The addition of DES can improve
additional properties of the polyurethanes, such
as thinning the production blend, improving
curing rates and liquefying solid components.

In this work polyurethanes containing
betaine/glycerol and betaine/xylitol DES were
characterized in terms of viscosity change during
polyaddition reaction, hydrolysis, swelling tests
and 3D optical profilometer morphology study.
Formulations of betaine with xylitol and glycerol
as H-bond donors were prepared, in which ratio
of betaine and glycerol/xylitol was at 1:2 wt. The
component’s heating duration was set at 3 hrs,, at
130°C, periodically shaken to ensure the
dissolution of all components. Viscosity was
measured by Lamy CP-2000 Plus rheometer at
50°C with cone spindle RM100 system. The
procedures were described previously in detail
[3]. Four different PU adhesive formulations were
synthesized with betaine-based DES: DES43,
DES44, DES47 and DESG66.

Swelling tests were used to measure the crosslink
density of elastomers. The amount of solvent
imbibed and the degree of swelling is dependent
upon the crosslink density of polymer networks;
the greater the crosslink density, the less swelling.
Adhesive film specimens were placed in toluene
for 48 h. The swollen specimens were then
removed from the solvent. Calculations have been
carried out according to the article [4].
Hydrolysis tests were carried out, in order to
evaluate the stability and resistance of the PU
adhesives to hydrolytic attack. Resistance to
hydrolysis was estimated by water absorption test
according to ASTM570-98. PU samples were

weighed before and some samples were placed in
25°C and some in 70°C deionized water for 7 days.
The percentage of water absorbed by the PU
samples was calculated using the following
equation:

Wy, = [WWM;:“] -100 M

The results in Table 1 support basic theoretical
principle that an elastomer's crosslink density
affects how well it can absorb solvent: the higher
the crosslink density, the less solvent the polymer
network can absorb. Water absorption tests
showed different values for different PU adhesive
formulations. These results might be explained by
the fact that during curing process, microvoids
formed in the polymer matrix that improved
water penetration. The higher value of W% may
indicate that the polymer has more voids. 3D
optical profilometer morphology study confirmed
these findings. DES44 and DES66 PU adhesives
had more microvoids and crosslink density were
smaller compared to DES43 and DES47 PU
adhesive formulations.

Table 1 Water absorption and crosslink density of
different PU adhesives.

PUR Percentage (.)f Crosslink
formulation water absorption, density, mol/m3
W% ’
DES43 572 6.4310°3
DES44 23.03 4.69103
DES47 3.65 10.410°3
DES66 31.37 2.87-1073

Keywords: PUR, DES, viscosity, swelling tests,
crosslink density

Acknowledgment: This study was carried out under
project TERMINUS, funded by the European Union
under Horizon 2020. Call: H2020-MBP-ST-IND-2018.
Grant Agreement: 814400.

* X %
* *

TERmInuS-.._“-; *****
References

1.  A.P. Abbott, G. Capper, D.L. Davies, R.K. Rasheed,
V. Tambyrajah, Chem. Commun., 1, pg. 70-71
(2003).

2. CJ. Clarke, W.-C. Tu, O. Levers, A. Brohl, J.P.
Hallett, Chem. Rev. 118 (2), pg. 747-800 (2018).

3.  P. Nemaniuté, S. J. Asadauskas, D. Brazinskiené,
Proc. 25th Int. Conf “Advanced Materials and
Technologies”, pg. 116 (2023).

4. N.M. Zain, S.H. Ahmad, E. S. Ali, J. Appl. Polym. Sci.,
131, pg. 41151 (2014).


http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=Lushnikov%2C+S.+G.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ALL&possible1=Lushnikov%2C+S.+G.&possible1zone=author&maxdisp=25&smode=strresults&aqs=true

FIZINIV IR
TECHNOLOGIJOS MOKSLY

"% CENTRAS

:“:ﬁz@eéh

DEVELOPMENT OF ELECTROCHEMICAL SENSOR ARRAYS FOR
AGRICULTURE 4.0 APPLICATIONS
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Agriculture 4.0, often referred to as "AgroTech”
or "Smart Agriculture,” is a term that represents
the application of modern information and
communication technologies to agriculture and
farming practices. It leverages advanced techno-
logies, data analytics, and automation to improve
various aspects of the agricultural sector [1].
Agriculture 4.0 relies on the collection of
extensive data from various sources, such as
sensors, satellites, and drones. This data is then
analyzed to make informed decisions about crop
management, resource allocation, and more.
The primary goal of Agriculture 4.0 is to increase
farm efficiency, productivity, and sustainability
while minimizing input costs.

Role of sensors in Agriculture 4.0

Sensors provide real-time data on soil and crop
conditions, allowing farmers to adjust the
application of inputs like water, fertilizers, and
pesticides on a per-acre or even per-plant basis.
This ensures that resources are used efficiently
and reduces waste. Additionally, sensors can be
deployed in fields to detect early signs of disease
or pest infestations. These sensors can identify
changes in plant physiology or the presence of
specific pests, enabling farmers to take timely
action to mitigate the damage.

Finally, sensors can help monitor and manage
water quality, carbon emissions, and soil erosion,
aiding in sustainable agricultural practices.

Electrochemical sensors in Agriculture 4.0
Electrochemical sensors exhibit a number of
adventitious properties that make them
particularly suitable for in situ applications, such as:
. High measurement accuracy

. High sensitivity

° Low power consumption

. Rapid detection

e Small sample size required [2][3].

A case study: Sensor-based assessment of the
effects of different types of zinc nanoparticles
on beetroot.

Our aim is to develop an electrochemical sensor
that can detect changes in Zn(ll) in beetroot
leaves, fabricated by laser processing of
polymers to produce carbon nanomaterials and
a Bi-film that is sensitive to Zn(ll) concentrations
at trace levels.

During the sensor development stage, the
electrode fabrication conditions and their effects
on the morphology and analytical performance
will be studied.
Cyclic  voltammetry and electrochemical
impedance spectroscopy would be applied for
the characterization of the synthesized
electrodes. The effect of the electrolyte solution,
pH, and a presence of interferences on analytical
performance will be investigated.

Finally, the developed sensor would be applied

to real systems to perform Zn(ll) uptake studies.

The measurement results obtained with the

developed sensor will be used to:

° Monitor the nutritional environment and
plant changes.

. Study the effect of different concentrations
and nature of nanoparticles on beetroot leaf
grown in hydroponics.

. Correlate changes on leaf surfaces of
beetroot leaves with the changes in the
mineral elemental composition of these
plants.

. Monitor changes in the hydroponic media as
a consequence of the addition of Zn
nanoparticles.
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Electroless metals plating systems are based on
autocatalytic reduction of metals by using reducing
agent. The most important research was carried out in
1946, when scientists A. Brenner and G. E. Riddell
managed to obtain a NiP coating by electroless nickel
plating using sodium hypophosphite as a reducing
agent [1]. Typically, the nickel plating solution consists
of nickel ions, a reducing agent, appropriate
complexing agents and stabilizers. Sodium
hypophosphite and morpholine borane are the most
reducing agents used in electroless nickel plating
baths. This electroless deposition method has proven
successful due to its low initial investment, simple
coating conditions and good results. This method
made it possible to obtain a uniform metallic coating
with excellent properties on various shape and size
substrates such as Ni foam, stainless steel mesh,
aluminum oxide membranes, carbon materials, Cu
sheet or foam [2, 3].

The aim of this work was to use a simple method for
preparation of an effective catalyst for hydrogen
generation from an alkaline sodium borohydride
solution. For this purpose Ni, NiMn, NiMo, NiCo, NiCoMn,
NiCoMo, NiCoMoMn were deposited on the Cu sheets
by a simple electroless deposition method using
morpholine borane as a reducing agent obtaining
catalysts with a ~ 1 um thickness coating. The
morphology and particle size of the prepared catalysts
were estimated by FESEM. Fig. 1 repretents FESEM
images of catalysts of different composition.

It is clearly seen that all formed coatings are compact
and crack-free  with characteristic multilayer
cauliflower-like structure (Figure 1a-g). As well as the
FESEM images reveal that all prepared coatings Ni/Cu,
NiMn/Cu, NiMo/Cu, NiCo/Cu, NiCoMn/Cu, NiCoMo/Cu,
and NiCoMoMn/Cu (Fig. 1a-g) consist of different sizes
particles, which coalesce into oval-shaped
agglomerates. It can be seen, that the Ni/Cu surface is
the most smooth (Fig. 1a). Adding additional metal
causes the growth of agglomerates on the surface in an
average size from 40 nm to 1.6 ym.

The amounts of metals in prepared catalysts calculated
from ICP-OES data are presented in Table 2. As can be
seen from the presented data, when Ni and Co are co-
precipitated the cobalt deposition rate is much faster.
There remain about 10-20 % of Ni amount in the
coatings if compare with pure Ni/Cu. The quantity of
Co in the prepared catalyst varies in the range 77.39 -
90.18 wt.%. The amount of Mo of ca. 14.54, 10.1 and 7.33
wt.% were incorporated in the NiMo, NiCoMo, and
NiCoMoMn coatings, respectively. In the case of
NiMn/Cu, NiCoMn/Cu, and NiCoMoMn/Cu catalysts, the
quantity of Mn is significantly small and equal to ca. 0.16,
0.01 and 0.01 wt.%, respectively. It should be mention,
that it is difficult to deposit bigger quantity of
manganese because the redox potential for Mn2+ to

become Mn° (Mn2+ + 2e— — Mn°) is very negative
(-1185V) therefore it is delicate to reduce Mn2+ into
Mn° through a redox reaction.

Fig. 1. FESEM images of
prepared Ni/Cu (a),
NiMn/Cu (b), NiMo/Cu (c),
NiCo/Cu (d), NiCoMn/Cu
(e), NiCoMo/Cu (f) and
NiCoMoMn/Cu (g) catalysts.

Table 2. Element composition of the prepared coatings
deposited on Cu surface analyzed by ICP-OES.

Element, wt %
Catalysts Ni v Mo Co

Ni/Cu 100 - - -
NiCo/Cu 22.61 - - 77.39

NiMn/Cu 99.84 0.16 - -

NiMo/Cu 85.46 - 14.54 -
NiCoMn/Cu 9.81 0.01 - 90.18
NiCoMo/Cu 8.01 - 10.1 81.89
NiCoMoMn/Cu 7.95 0.01 7.33 84.71
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LAZERIU GENERUOJAMU AUKSO, SIDABRO IR HIBRIDINIY
KOLOIDINIY NANODALELIU STABILUMO IR SERS SUSTIPRINIMO
KONTROLIAVIMAS NAUDOJANT KCL VANDENINIUS TIRPALUS
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Aukso ir sidabro metaly nanodalelés dél savo
unikaliy lokalizuoto pavirsiaus plazmony
rezonanso (LPPR) savybiy plac¢iai naudojamos
jutikliuose, katalizatoriuose, pavirsiaus
sustiprintoje Ramano sklaidoje (SERS), Zzenklinime
ir optiniuose-elektroniniuose komponentuose [1,
2]. Nanodalelés turi jvairiy sintezés metody, tokiy
kaip cheminé redukcija, sol-gelio procesai,
elektrocheminis nusodinimas ir lazeriné abliacija [2,
3]. Bet i$ ekologisky metody issiskiria lazeriné
abliacija dél greito, Svaraus ir stabilaus proceso,
kuris nereikalauja papildomo valymo nuo toksisky
medziagy. Taciau naudojant lazerinés abliacijos
metoda, iSlieka nanodaleliy agregavimo
problema, kuri riboja tolimesnj ilgalaikj
panaudojima. Si problema sprendziama
papildomomis medziagomis, kurios uztersia
Svary metoda. Todél tyrimo metu iSbandyta
biologiskai suderinama medziaga - kalio
chloridas (KCI). Nors yra zinoma, kad druska
greitina agregacijg [4], tyrimais pastebéta, kad
tam tikros KCI koncentracijos gali sulétinti §j
procesag [5]. Ribinés KCl koncentracijos buvo
analizuojamos darbe.

Tyrimo metu buvo stebimi skirtingose KCI
koncentracijose (O mM-20 mM) lazeriu generuoty
aukso, sidabro ir jy misiniy nanodaleliy agregacijos
greitis ir ekstinkcija per 8 savaites. Analizuoti
ekstinkcijos spektrai, TEM vaizdai, SERS signalo
stiprumas ir zeta potencialas. Nanodaleliy
generacijai buvo naudoti tdriniai taikiniai, kurie
apdorojami fokusuotu Nd:YAG lazeriu ("Ekspla
Baltic1064 HP", 1064 nm, 10 ns impulso trukmé).
Hibridiniai tirpalai buvo generuojami i$ skirtingy
tdriniy taikiniy, iS pradziy abliuojant vieng metalinj
taikinj, o paskui kita. Buvo kei¢iama metaliniy
taikiniy seka ir stebima jos jtaka. Bendras
generavimo laikas ir plotas buvo toks pat kaip ir
monokoloidy atveju. Kiekviena savaite
registruojami gauty koloidiniy tirpaly ekstinkcijos
spektrai ir nuotraukos. Tirti bandiniai pateikti 1 pav.,
druskos koncentracija nurodyta virs buteliuky.
Rezultatai parodé, kad lazerinés abliacijos metu
vandenyje ir drusky tirpaluose S lazeriu
abliuojamo taikinio susidaro sferinés formos
nanodalelés su neigiamu zeta potencialu (nuo -
16 mV iki -58,8 mV). Taip pat, nustatyta optimali
kalio chlorido druskos koncentracija kiekvienam
taikiniui, kuri iSlaiko tirpalo stabilumg ir sumazina
ekstinkcijos smailés nuokrypius.

OmM 1mM 25 mM S5mM 10 mM 15 mM 20 mM

Au

1 pav. Au, AutAg, Ag, ir Ag+Au koloidiniy tirpaly
nuotraukos pirmaja diena. Virs buteliuky nurodyta KCI
moliné koncentracija vandeniniame tirpale (0-20 mM).

Padéka:

Sj projekta finansavo Europos regioninés plétros
fondas (projekto Nr. 01.2.2-LMT-K-718-03-0078)
pagal sutart] su Lietuvos mokslo taryba (LMTLT).
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AUKSO NANODARINIYU GAMYBA, NAUDOJANT SKIRTINGAS
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Kernius Vilkevicius, Evaldas Stankevicius

Fiziniy ir technologijos moksly centras, Lazeriniy technologijy skyrius
Savanoriy pr. 231, LT-02300 Vilnius, el. p.: kernius.vilkevicius@ftmc.lt

Tauriyjy metaly nanodariniai placiai tyrinéjami dél
ju saveikos su Sviesa ir plazmoniniy savybiy

atsiradimo. Paveikus pavienes nanodaleles
elektromagnetine spinduliuote, suzadinami
laisvyjy elektrony svyravimai - lokalizuoti

pavirSiniai plazmonai (LPP). Suformavus tokiy
nanodariniy periodine gardele, nuo jos
difragavusi spinduliuoté sgveikauja su atskiruose
dariniuose pasireiSkianc¢iais LPP ir suzadina
hibridinius plazmonus, pasizymincius pavirsiniu
gardelés rezonansu (PGR) [1]. Sis hibridinis
rezonansas yra itin siauras, didelio kokybés
faktoriaus bei pasizymi dispersinémis savybémis.
Daznai periodinés nanodariniy gardelés formuo-
jamos elektrony pluosto arba koloidine litografija,
taciau Sie metodai yra arba brangls ir reikalau-
jantys daug laiko sgnaudy, arba jais sudétinga
pasiekti vienody dariniy formacija. Alternatyvus
metodas periodinéms gardeléms suformuoti yra
tiesioginis lazerinis rasymas (TLR), kai metalo
pavirSius tiesiogiai paveikiamas sufokusuotu
lazerio pluostu [2]. Naudojant vieng lazerio
impulsg, suformuojami auksiniai nanodariniai
(gumbeliai, klgiai, antenos), kuriy morfologija
stipriai priklauso nuo impulso energijos [3].

Tyrimo metu buvo tiriamas aukso nanodariniy
formavimosi, jy morfologijos bei plazmoniniy
savybiy priklausomybé nuo formavimo
spinduliuotés bangos ilgio [4]. Dariniai buvo
gaminami TLR metodu, naudojant astriai
sufokusuotg 1030 nm, 515 nm bei 343 nm bangos
ilgio lazerine spinduliuote (1 pav.), keiCiant
impulso energijg ir gardelés perioda. Masyvai
buvo istirti naudojant skenuojantj elektroninj
mikroskopg ir buvo nustatytos suformuoty
dariniy formos bei pastebétos kelios tendencijos.

INA=0.5 NA=0.5
' |

’NA=U.5

1 pav. Aukso nanodariniy formavimas TLR metodu
skirtingomis harmonikomis.

Nustatyta, jog nuo skirtingai sugeriamo bangos
ilgio priklauso susiformavusiy nanodariniy
diametras bei suformuojamas minimalus
periodas tarp struktdry. Taip pat keiciantis
harmonikai ir mazéjant bangos ilgiui, mazéja
aukso sluoksnio modifikacijos ribinis energijos
tankis bei didéja tokiy dariniy formavimosi
energijos tankio diapazonas. Didéjant impulso
energijai keic¢iasi struktlGros morfologija (2 pav.),
kuri taip pat priklauso ir nuo naudojamo bangos
ilgio. Tuo tarpu isStyrus gumbeliy matricy
plazmonines savybes (plazmony rezonansg),
stipri harmonikos jtaka nebuvo pastebéta. Tad
formavimo spinduliuotés bangos ilgio parinkimas
leidzia tiksliau kontroliuoti nanodariniy gamyba.

2 pav. Skirtingos morfologijos aukso nanodariniai,
suformuoti naudojant 343 nm bangos ilgj.

Nanodariniy masyvai, zadinantys hibridines
plazmonines modas, gali bati naudojami
bezymeniuose biologiniuose jutikliuose, pritaikomi
netiesinéje optikoje bei lazeriavimui [5].
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TITANO PASLUOKSNIO JTAKA PLAZMONINIAM SUZADINIMUI
PLONOJE AUKSO DANGOJE NAUDOJANT TIESIOGIN] LAZERIN]
RASYMA MIKROGUMBELIYU FORMAVIMUI

Rodrigas Liudvinavicius, Evaldas Stankevicius
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Dazng periodiniy mikrodaleliy ar jy struktdry
pritaikyma daugelyje sri¢iy lemia Sviesos ir
metalo mikro-struktdry saveika, plazmoninis
efektas. Visa plazmonikos sritis vis daugiau
sulaukia démesio, dél perspektyviy panaudojimy
kuriant naujus optinius prietaisus, grindziamus
plazmony suzadinimy ir hibridinés gardelés
plazmony rezonansu (HLPR). HLPR yra
kolektyviniai elektrony svyravimai, susieti su
iSoriniu elektromagnetiniu lauku, sklindanciu
metalo ir dielektriko sasaja. Taciau, yra reikalingi
nauji tyrimai, norint pagerinti rezonanso kokybe
ir iSplésti sgveikos pritaikymuy sritis.

Siame darbe, HLPR efektas yra pasiekiamas
remiantis difrakciniu reiskiniu [1], kur periodiskai
iSdéstytos aukso mikro-struktlros veikia kaip
difrakciné gardelé, generuojanti plazmoninj
signala, kaip atsaka j krentancig Sviesa. Kuomet
mikro-struktiros yra iSdéstytos taisyklingai,
plazmonas yra sékmingai suzadinami krentanciu
fotonu, kuris yra sugeriamas. Toks plazmony
suzadinimas ir fotony sugertis lemia sugerties
smailés atsiradimg atspindzio spektre.

Atliktame tyrime, periodinés mikrogumbeliy
struktdros buvo suformuotos plonoje 50 nm
aukso dangoje su skirtingo storio (nuo O iki 10
nm) titano pasluoksniais naudojant tiesioginj
lazerinio raSymo blda. Titano tarpsluoksnis buvo
naudojamas adhezijos gerinimui tarp aukso
dangos ir stiklo pagrindo ir lokalios Silumos
mazinimui lazerinio raSymo metu [2]. Mikro-
struktdry formavimas buvo atliktas pasitelkiant
pavienius 0,4 nJ ir 0,45 nJ energijos femto-
sekundinius impulsus. Gauty struktlry masyvai
buvo analizuojami pasitelkiant spektrofotometra
ir skenuojantj elektrony mikroskopg (SEM).
Eksperimentiniai darbo rezultatai parodé, kad

HLPR (hibridinés gardelés plazmony
rezonansas) néra vien priklausomas nuo
pagrindiniy parametry: gardelés periodas,

Sviesos poliarizacija, Sviesos kritimo kampas,
bandinio pasukimo kampas, bet taip pat
priklauso ir nuo adhezinio titano tarpsluoksnio.
Atlikus lipnios juostos adhezijos vertinimo testa,
gauti rezultatai parodé sukibimo tarp pavirsiy,
kas ir lemia HLPR rezultata.

|
A

>
O
O
>
O
o
0>

R Rk pe oo o
Vo9V e

ehEEk

-
v

‘\
v

1 pav. Aukso mikrogumbeliy gardelés SEM
mikrografija, be papildomo adhezinio sluoksnio.
Gumbeliai suformuoti naudojant 0,5 nJ ir 0,45 nJ
impulso energija. Nuotraukos atliktos esant 52°¢
bandinio pasukimo kampui.

Adhezinio pasluoksnio poveikis buvo jvertintas
analizuojant bandinio atspindziy grafikus ir
vertinant rezonanso smailiy parametrus,
jskaitant gylj, pilngjj plotj pusés maksimumo
lygyje (FWHM), Q faktoriy ir MQ faktoriu.
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ELEKTRONINES BUSENOS

Sandra Barysaité'?, Andrius Gelzinis'?, Jevgenij Chmeliov!?, Leonas Valkunas!?2

1Fiziniy ir technologijos moksly centras, Molekuliniy dariniy fizikos skyrius
Saulétekio al. 3, LT-10257 Vilnius

2Vilniaus universitetas, Fizikos fakultetas, Saulétekio al. 9, LT-10222 Vilnius

el. p.: sandra.barysaite@ftme.lt

Antroji fotosistema (PSII, angl. photosystem I,
esanti chloroplasty tilakoidu membranose, vykdo
sviesos surinkima bei vandens oksidacija, dél kurios
gali susidaryti fotosistemai itin zalingas singuletinis
deguonis [1]. Dél Sios priezasties augalai yra iSvyste
savisaugos mechanizmus, tokius kaip
nefotocheminis gesinimas (NPQ, angl. non-
photochemical quenching), kurio metu yra gesinami
pertekliniai chlorofily suzadinimai [2]. Nors ir
tikslus NPQ veikimo mechanizmas iki $iol néra
aiskus, yra manoma, kad LHCII komplekse NPQ
gali biiti susijes su krivio pernasos (CT, angl.
charge-transfer) biisenomis tarp chlorofily [3]. Toki
reiskinj yra verta tyrineéti ir CP29 komplekso atveju,
kadangi jis yra iSsidéstes tarp iSoriniy PSII
anteniniy kompleksy ir reakciju centro.

Siame darbe buvo optimizuojamos CP29 komplekso
chlorofilu geometrijos ir skaic¢iuojamos ju suzadinty
busenu savybés keletu kvantinés mechanikos
metody iskaitant ir nejskaitant baltyminés aplinkos
1itaka, siekiant suprasti CT buseny vaidmeni CP29
komplekse vykstanciuose procesuose.
Skaiciavimams naudota CP29 komplekso PDB
struktura buvo gauta Rentgeno kristalografijos
metodu [4].

Visy pirma buvo optimizuotos chlorofily monomery
geometrijos bel suskaiCiuotos suzadintu buseny
savybés monomerams ir dimerams tankio
funkcionalo teorijos (DFT, angl. density functional
theory) metodu vakuume fitilo uodega pakeitus
metilo grupe, o pagal suzadinty buseny skaiciavimy
rezultatus dimerams buvo identifikuotos CT
busenos. Skaic¢iavimai vakuume buvo pakartoti
naudojant tankio funkcionalu paremts stipriojo
rysio artini (DFTB, angl. density functional based
tight binding). Analogiski skai¢iavimai DFTB
metodu atlikti chlorofilams jskaitant aplinkines
molekules bei nepasalinant fitilo uodegos. Lygintos
abiem metodais gautos optimalios chlorofily
geometrijos ir ju suzadinty bei CT busenuy energijos.
Rezultatai parodé, kad vakuume optimizuotos
geometrijos chlorofilams abiem metodais gaunamos
suzadinty busenu energiju vertés yra artimos ir
dazniausiai galima identifikuoti analogiskas CT
busenas, ta¢iau DFTB metodu atlikti skaic¢iavimai
uztruko trumpiau negu DFT metodo atveju. Ir
monomery, ir dimery atveju, iskaitant aplinkos
itaka geometrijai, suzadinimo energijy vertés
gaunamos mazesnés arba lygios vakuume

optimizuotos geometrijos atvejui. Be to, iskaitant
aplinkos jtaka optimizuojant chlorofily dimero
a611-a615 geometrija, isvengiama per didelio
chlorofily molekuliy daliy suartéjimo, kuris ivyksta
vakuume  atliekant monomery  geometrijos
optimizacija ir lemia netikslias suzadinimo energijy
vertes (1 pav.). Konferencijos metu taip pat bus
pristatomi kombinuotais kvantinés
mechanikos/molekuliu =~ mechanikos (QM/MM)
metodais atlikty skaic¢iavimuy rezultatai.

a)
K
a6l5

b)

1 pav. Dimero a611-a615 struktura dviem atvejais:
a) abu chlorofilai optimizuoti DFTB metodu
vakuume; b) dimeras optimizuotas DFTB metodu
1skaitant aplinkiniy molekuliy jtaka geometrijai.
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Nowadays, plastic production amount s
increasing every year. According to the latest
data, production reached 390.7 million tons per
year. Only a relatively small amount of plastic is
recycled or made into bioplastic [1].

365.5mt 374.8 m 375.5mt 390.7 mt
352.3

350 332 402 540 [l Post-consumer recycled plastics
3 Bio-based plastics (including bio-
- attributed plastics in 2021 data)

0 30 30.8 31.6 32.5

Figure 1. Plastic production rates [1].

One type of plastic is microplastic, whose
particles size ranges from 5 mm to 1 um. In the
environment, microplastic causes various
ecological and health protection problems. This
is due to the small size of these particles, their
ability to attract toxic pollutants and enter in
other organisms. The majority of microplastic
particles are found in water systems, another part
on land and atmosphere. Every year million tons
of microplastics dumped into freshwater systems,
rivers, seas and oceans [2]. In this key, it is
important to find new microplastic removal
technologies. One strategy is applying sorption
process by using natural materials such as lignin.
This biopolymer can be found in plants and
extracted from biomass. According to eco-
friendly, planet safe and nontoxic technologies, in
this work lignin is extracted from industrial
wastes. Synthesized nanocomposite from lignin
and magnetite can be used as a sorbent.
Microplastic particles are removed from water
with external magnetic field.

The principal aims of this study: 1. Prepare wood
sawdust and extract lignin. 2. Synthesize lignin
nanocomposite. 3. Investigate and describe
microplastic sorption from water capabilities of
prepared lignin nanocomposite.

M Fossil-based plastics

Hemi Cellulose

(Pentose and Hexoses)

Cellulose |

Figure 2. Lignin in plants [3].
During the study, lignin was isolated from
softwood sawdust using an alkaline extraction
method. Magnetic iron oxide nanoparticles
(Fez04) and lignin solution are used for the
synthesis of nanocomposite. In sorption process
was used 100 um low-density polyethylene. The
efficiency and kinetic studies were determined
by sorbing microplastic particles in the selected
time interval from 2 min to 4 h. The results show
that the synthesized lignin-FezO4
nanocomposite has sorption capabilities for
sorbing low-density polyethylene particles.
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In recent years, nanostructured semiconductors
have gained significant interest due to their high
potential application in electronic, optical, and
semiconductor devices. The fundamental
properties of these nanostructured materials
depend on their architectures, including geometry,
morphology, and hierarchical structures [1,2].
Controlling the shapes and sizes of semiconductors
to get better properties is one of the most
challenging issues. In particular, many efforts have
been made to develop novel methods for the
preparation of thin metal chalcogenide films [3].
In addition, chalcogenide nanomaterials have
been extensively studied due to their unique
physical and chemical properties and potential
applications in diverse areas [4].

Metal sulfides are one of the most important
semiconductor materials that can be made using
many different synthesis routes. Solution based
synthesis has many advantages, such as being
inexpensive, having short duration, etc. Moreover,
the application of abundant non-toxic components
allows to reduce energy consumption indirectly
through a simpler waste treatment or more efficient
processing of raw materials with less CO, A
successive ionic layer adsorption and reaction
(SILAR) method is one of the chemical methods for
making uniform films where different substrates,
having different sizes, can be used. In this paper, a
SILAR synthesis route for thin tin sulfide film
fabrication is reported. The obtained thin films
were characterized using X-Ray diffraction,
Raman, scanning electron microscopy (SEM), and
ultraviolet-visible (UV-Vis) spectroscopy. The
effect of annealing temperature on the
morphology and phase of tin sulfide has been
investigated.

In this work, ascorbate stabilized tin sulfide on the
fluorine doped tin oxide (FTO) glass slides was
synthesized by an eco-friendly and low-waste
SILAR process. The main aim of the process is to
immerse the substrate into two separately placed
precursor solutions, then wash with distilled water
in order to wash loosely bounded ions. This is a
gentle reaction route when aqueous solutions react
at a low temperature (40 °C) to form tin sulfide and
the uses of organic solutions are not needed. To
improve the solubility of tin(ll) chloride in distilled
water, environmentally-safe and biodegradable

L-ascorbic acid was used as a reducing and
capping agent [5].

X-Ray diffraction results showed change in the
phasic composition of the deposited films. Non-
annealed films consist of SnS and Sn,S3z, where
SnS (mineral Herzenbergite) is the dominant [5].
Thermal treatment gives a two-fold view. After
annealing at 200 °C and 400 °C the most
intensive peaks were assigned to orthorhombic
SnS, but due to very close d-spacing values, these
peaks were assigned to SnO,, which is on the top
of the FTO glass. Annealing at 200 °C leads to
formation of SnS and SnySz, while 400 °C shows
the formation of SnS..

Moreover, Raman spectroscopy, together with X-
Ray diffraction patterns, confirms phasic changes
for non-annealed and annealed samples.
Ultraviolet-visible spectroscopy was done to
calculate bandgap values of the films obtained.
The bandgap values were calculated using the
Tauc's plot. Before annealing values were higher
and lie between 1.3-1.4 eV, after annealing values
decreased and lie between 1.2-1.3 eV. The obtained
values are close to the SnS and Sn,Sz values.

In this current work, a facile, eco-friendly
technique to synthesize L-ascorbate acid
stabilized tin sulfide thin films is described. This
material is fairly cheap, environmentally clean and
has interesting properties.
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TFiziniy ir technologijos moksly centras, Molekuliniy dariniy fizikos skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: gabriele.rankelyte@ftmc.It
2Cheminés fizikos institutas, Fizikos fakultetas, Vilniaus universitetas
Saulétekio al. 9, lll rimai, LT-10222, Vilnius

Fotosintezé yra vienas i§ svarbiausiy Zeméje
vykstanciy procesy. Patys naSiausi §j procesa
vykdantys organizmai yra sausumos augalai [1].
Jy chloroplastuose esancioje tilakoido
membranoje iSsivysté dvi fotosinteze vykdancios

sistemos - pirmoji (PSI) ir antroji (PSID
fotosistema, kiekviena su savo Sviesorankos
antena (atitinkamai LHCI ir LHCI). Pirmoiji

fotosistema yra pats nasiausias Sviesos pavertimo |
energijg aparatas. Beveik visa fotony energija yra
panaudojama kraviy atskyrimo procesui reakcijos
centruose vykdyti, taigi PSI kvantinis naSumas
yra beveik lygus vienetui [2]. Viena iS buatiny
salygy tokiam aukStam nasSumui pasiekti yra labai
greita suzadinimo energijos pernasa tarp
pigmenty Sviesorankos antenoje. LHCI antenoje
suzadinimo energijos pernasai didele jtakg turi
tarp dviejy arba daugiau pigmenty susidarancios
kravio pernasos (CT) busenos [3]. Keletas kravio
pernasos blseny padéciy yra zinoma, taciau jos ne
iki galo paaiskina pirmosios fotosistemos sugerties
ir emisijos spektruose stebimus reiskinius [4] (pvz.
antrosios  smailés  susiformavimas  antenos
fluorescencijos spektre).

Pirmoji fotosistema sugeria ir fluorescuoja
Sviesg prie ilgiausiy bangos ilgiy, lyginant su
kitais Sviesorankos kompleksais. Augaluose PSI
Sviesorankos antena susideda i keturiy
subkompleksy, kurie pasizymi panasSia erdvine
struktdra, taciau demonstruoja skirtingas
spektrines savybes. Labiausiai | raudonaja
spektro puse pasislinkusi (ties 733 nm) minétoji
antroji smailé yra stebima Lhca4 subkomplekso
fluorescencijos spektre [5].

Pigmentai Sviesorankos antenoje yra apsupti
kity pigmenty bei baltymo. Norint nuodugniai
iSanalizuoti tiek eksitonine, tiek ir krGvio pernasos
blsenas lemiangig saveikg tarp chlorofilo
molekuliy, yra batina jskaityti aplinkos molekuliy
daroma jtaka pigmenty suzadintosioms
blsenoms. Panasiy tyrimy, kurie nagrinéty
aplinkos jtaka eksitoninéms pigmenty bldsenoms
LHCII arba FMO struktlrose, gausu, taciau
tyrimuy, kurie nagrinéty kravio pernasos blsenas
ir LHCI aplinkos kuriama jtaka joms, triksta.

Lhca4 erdviné struktlra (1 pav.) buvo gauta
kaip PSI superkomplekso ketvirtoji grandiné, kuri
yra laisvai prieinama baltymy duomeny bazéje
PDB [6]. Atsizvelgiant | suzadintyjy blseny

savybes vakuume, buvo nustatytos pasirinkty
chlorofilo dimery krvio pernasos blsenos.
Siekiant jskaityti aplinkos molekuliy jtakg Sioms
blsenoms, baltymas bei pigmentai buvo aprasyti
daliniais atominiais kraviais. Energijos poslinkis dél
aplinkos elektrostatinés jtakos buvo apskai¢iuotas
CDC metodu [7] pagal (1) formule:

(4™ s)-a{™ ©.0))a;" ©.0)
(m)_ o(m)
|R;"™-R}"|

BEn ==Y 5n, £
Cia eqff yra aplinkos efektiné dielektriné skvarba,
m zymi tiriamajj dimerg, ql(m)(s, s) ir ql(m)(0,0) yra
Sio dimero atitinkamai  suzadintosios ir
pagrindinés blsenos daliniai kraviai. q](")(o,o) yra
tiriamajj dimerg supanciy pigmenty ir baltymo
daliniai kraviai. R{™ ir R{" yra atitinkamai
tiriamojo dimero ir aplinkos daleliy koordinatés.

LUMENAS

1 pav. Lhca4 erdviné struktdra. Pilkai pavaizduotas baltymas,
spalvotai - keturi i$ dvylikos tiriamuyjy dimery. Karotenoidai
nepavaizduoti.
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STUDY OF MICROPLASTIC PARTICLES IN LITHUANIAN RIVERS -
PLASTIC PIRATES PROJECT
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Microplastic is a plastic polymer with a size less
than 5mm. Microplastics can be primary and
secondary. Primary microplastics are the particles
that are produced in micro-size. Secondary
microplastics come from the degradation of larger
plastic waste by physical, chemical, and biological
processes in the environment. [1] The ecological
risk associated with environmentally relevant
microplastic pollution is unclear; however, some
field observations and laboratory studies have
shown that microplastics are likely to threaten the
life and development of biota via direct and
indirect pathways, including ingestion, adherence
and transfer throughout food chains [2].
Microplastics are a pervasive environmental
problem that can harm aquatic ecosystems and
have potential health implications for both marine
life and humans [3]. Citizen science has long been
used in environmental monitoring research due to
its ability to collect large amounts of data
simultaneously on a global scale. The Plastic
Pirates project is an international citizen science
project in which teachers and students work
together with scientists to investigate plastic
pollution on river banks and in their waters. Eleven
European countries are currently participating in
the project. Lithuania joined this project in 2022.
66 Lithuanian schools are already participating in
this project. It is very important to understand that
educating children at a young age about
environmental issues can create a strong
foundation for a responsible and sustainable state.
In this study, together with the Plastic Pirates, we
aim to: 1) investigate microplastic contamination in
river samples; 2) present the methods applied for
MP analysis, including sampling, processing,
identification, characterization, and quantification;
and 3) evaluate the abundance and characteristics

of microplastics. Three rivers were investigated
and the presence of microplastics was confirmed.
Microplastics were examined and characterized by
microscopic and spectroscopic analysis methods.
Shapes, sizes, colors, and chemical compositions
of particles were described. This investigation
allowed us to identify what type of microplastics is
mostly found in the rivers of Lithuania. The results
indicated that something needs to be done to
decrease the amount of microplastics in rivers.
Researching the properties of microplastics could
be the first step in improving our aquatic
ecosystem and finding new, innovative methods
for removing this pollution source.

Acknowledgment: We would like
to thank the schools, teachers,
and students who participated in
the Plastic Pirates project and
helped collect data on litter
pollution along the Lithuanian
riverbanks. Also, we would like to
thank the Lithuanian non-formal

LINESA

education agency for the H:;::;’:HOJD
opportunity to join the Plastic syistimo
Pirates Lietuva project. agentira
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PRUSSIAN BLUE ANALOGUES FOR AQUEOUS SODIUM
ION BATTERIES

Adolfas Zukauskas'2, Nadezda Traskina', Gintaré Gec&é', Jurgis Pilipavi¢ius'?,
Linas VilCiaukas'2

Wilnius University Faculty of Chemistry and Geosciences, Naugarduko st. 24, LT-03225 Vilnius
e-mail: adolfas.zukauskas@chgf.stud.vu.lt

2Center for Physical Sciences and Technology, Department of Chemical Engeneering and Technology
Saulétekio av. 3, LT-10257 Vilnius,

Aqgueous sodium-ion batteries are an attractive
alternative to stationary lithium batteries because

they are relatively inexpensive and
environmentally friendly. One of the most
promising electrode materials used in this

technology are Prussian blue analogues (PBA). [1]
PBAs show rather attractive electrochemical
properties, such ashigh capacity, high cycling
efficiency and stability. They are also non-toxic
and easily synthesizable from abundant
precursors via coprecipitation method. [2] Yet
the optimal synthesis parameters such as
synthesis temperature, pH, amount of sodium
precursor is not known. Therefore, this study
focuses on finding various optimal synthesis
parameters in order to obtain high capacity,
electrochemically stable PBA cathode.

The aim of this study was to hydrothermally
synthesize NazFe[Fe(CN)e] particles and
investigate the effects of synthesis parameters on
the morphology and phase purity. The
electrochemical properties of selected samples
were investigated by Cyclic Voltammetry,
Galvanic Charge - Discharge cycling. The material
synthesis was carried out in temperatures ranging
from 60°C to 140°C, with varying synthesis time,
amount of additional NaCl, and ascorbic acid.
These parameters were selected to alter the
particle morphology, size, and phase
composition. The particle morphology and size
were analyzed using SEM, the sodium content in
material was determined through ICP-MS and
phase composition evaluated using XRD. The
study showed that particles synthesized with
additional ascorbic acid and NaCl were more
likely to be in the shape of rectangular prisms.
The additional NaCl resulted in more sodium in
the crystal lattice, while additional ascorbic acid
had the opposite effect - amount of Na
decreased in final product. XRD results revealed
formation of a cubic structure at synthesis

temperatures higher than 100 °C and monoclinic if
the temperature was below 100 °C. Based on the
obtained data, potential candidates for the
sodium ion battery were identified.

Particles synthesized at 140°C and 80°C without
additives, and particles synthesized at 80°C with
large amount of ascorbic acid and NaCl were
selected for further electrochemical investigation.
The materials prepared without additives
exhibited high initial capacities of 72.8 mAh/g,
which decreased to 67.1 mAh/g after 100 cycles.
The initial capacity recorded for materials
synthesized at 80°C with added ascorbic acid was
78.6 mAh/g and 45.1 mAh/g after 100 cycles,
67.56 mAh/g and 60.3 mAh/g for materials
synthesized at 80°C with added NaCl, and 25.4
mAh/g and 47.3 mAh/g for materials synthesized
at 140°C without additives. Based on further
analysis of the data, the optimal synthesis method
for the Prussian white cathode was determined to
be the one conducted at 80°C without additional
additives. This method exhibited a high capacity
with minimal capacity fade and a relatively
moderate yield.
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Artutiniai metodai yra placiai paplites badas fizikos ir
matematikos uzdaviniams bei lygtims spresti. Vienas i$ tokiy
metody privalumy yra tai, kad jie gali bati pritaikyti
jvairiems uzdaviniams, kuriy analitiniai sprendiniai yra
sudétingi arba iS viso neegzistuoja. Dél Sios priezasties
artutiniy metody taikymas yra placiai naudojamas
daugelyje fizikos sri¢iy, ypa¢ kvantinéje ir klasikingje
mechanikoje. Vis délto, daznai tokie metodai néra
pakankamai tikslGs, todél paprastai ieskoma jvairiy
alternatyvy klasikiniams trikdZiy teorijos metodams siekiant
patikslinti sprendinius.

Fizikoje itin placdiai nagrinéjamos klasikinés ir kvantinés
osciliatoriy sistemos. Tokiu atveju alternatyvus artutinis
metodas galéty bati uzsaldyty mody artinys. Nustatyta, jog
nagrinéjant atvirgsias kvantines sistemas uz3aldZius létus
aplinkos laisvés laipsnius ir pritaikius jprasta Redfildo teorija
kitiems laisvés laipsniams rezultaty tikslumas Zenkliai
iSauga. Parodyta, jog toks artinys ne tik padidina rezultaty
tikslumg nemarkoviniuose rezimuose, bet ir iS esmés turi
panasias skaiCiavimo sgnaudas [1]. Be to, uzsaldyty mody
artinj galima pritaikyti ne tik kvantinéms, bet ir klasikinéms
sistemoms.

Siame darbe buvo tiriama klasikiné daugelio sukabinty
osciliatoriy sistema, kurioje nagrinéjamas vienas pagrindinis
osciliatorius, o kiti sgveikaudami su juo sudaro jam aplinka.
Pakeitus visus parametrus j bedimensius ir darant prielaidg,
kad sgveikos koeficientai tarp osciliatoriy yra mazi, bei
naudojantis keliy skaliy metodu paremta trikdziy teorija
buvo gauta per aplinkos osciliatoriy pradines salygas
(koordinates ir judesio kiekius) suvidurkinta kvadratinio
nuokrypio nuo pradinés padéties iSraiska pagrindiniam
osciliatoriui (D (t)) = ((X(t) — X,)?). Kaip ir buvo galima
tikeétis, gautas sprendinys su tiksliu skaitiniu sprendiniu gerai
sutapo tik esant maZiems sgveikos tarp osciliatoriy
koeficientams, todél, siekiant patikslinti sprendinj, trikdZiy
teorija buvo taikoma tik auksto daznio modoms, o Zemo
daznio modos buvo uZsaldytos, t.y. buvo laikoma, jog jy
koordinatés ir judesio kiekiai laikui bégant nekinta
(uzsaldzius dalj mody galima gauti analizine sprendinio
iSraiskg). Buvo apibrézta tokio pavidalo spektrinio tankio
funkcija:

Atw _@
I(w) =——e @c, ¢y
w

C
¢ia A - reorganizacijos energija, apibrézianti suminj sistemos
osciliatoriaus sgveikos su aplinkos osciliatoriais stiprj, w -
daznis, wc¢ - ribinis daznis. Siekiant iSskirti létas modas
spektrinis tankis buvo padalintas j dvi dalis naudojant tokia
iSskiriancig funkcija:

w\2\?
S(w, ") = (1 -(%) ) , @)
W
ia w’ - parametras, apibréZiantis uz3aldyty mody skaiciy.
Tuomet létg spektrinio tankio dalj galima uZzrasyti taip:
Ls1ow (@) = S(w, 0")I(w). (3)
Tinkamai parinkus " buvo lyginamas uZ3aldyty mody
artinys su tiksliu skaitiniu sprendiniu bei trikdzZiy teorijos
sprendiniu  kei¢iant  parametry vertes placiuose
intervaluose. Nustatyta, jog uzSaldyty mody artinys gali
Zenkliai patikslinti trikdZiy teorijos sprendinj jvairioms A
vertéms. Patikslinto sprendinio pavyzdys ir jj atitinkantis
spektrinis tankis yra pateikiami atitinkamai 1 ir 2 pav.

Tikslus sprendinys
TrikdZiy tecrijos sprendinys
2,04 —— Dalis mody uzialdytos
— 154
=
o,
A
=
a 1,04
v
0,54
0,04
T T T T T T
0 10 20 30 40 50
t[sv]

1 pav. UZsaldyty mody artinio palyginimas su tiksliu skaitiniu
sprendiniu ir keliy skaliy metodu gautu sprendiniu. Cia A=0,3,
w=0,08, uzsaldyta 14% mody.

0.35 — W)
tsiowlw)
— lasrlw)

=== Wmax
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(w) [5.v.]

0,151/
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0,05 A

0,00 T T T
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w[s.v.]

2 pav. Spektrinis tankis. Cia A=0,3, w.=0,08, w*=0,096
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MXenes are a novel 2D material class discovered at
Drexler University in 2011 and attracted the
attention of many scientists due to their unique
electrical, plasmonic, hydrophilic, and mechanical
properties. [1]. Nevertheless, these nanostructures
are distinguished for their complex surface
chemistry, significantly impacting their properties.
MXenes are a broad material class, although TzC,Ty
structures are the most studied as it was the first
MXenes discovered. The most common synthesis
method is by using TzC,Tx precursor and
selectively etching using HF acid. This way, a
sheet-like structure is synthesized, which,
compared to other MXene structures, is the most
stable in various conditions and is more favorable
for practical use.

MXenes are being investigated not only for their
unigue properties but also for their wide range of
applications. These days, MXenes are used in
surface Raman spectroscopy [2], biofuel elements
[3], lithium and sodium ions batteries [4], and
many other applications. Interaction with other
organic molecules can be vastly adaptable in
various sensors and adsorbents, attributed to the
complex MXene surface structure. More and more
research is being conducted to develop various
surface plasmon resonance based sensors using
MXene plasmonic properties.

In this research, MXenes were synthesized by
selectively etching Ti3AIC2 precursor in
concentrated HF acid - this way, synthesized
nanostructures have a large surface area, which is
favorable for molecular interaction and feature
analysis. Methylene blue was chosen as a model
molecule to study the interaction between organic
molecules and MXenes. Since MXenes are great at
cation adsorption in agueous solutions - a study
was performed using a constant sodium ion
concentration solution at pH 3-6. This leads to
stationary conditions and a change in adsorption
capacity, which is in relation to pH. To calculate
adsorption capacity - the spectrophotometric
method was used to indicate methylene blue
absorption intensity peak change (Fig. 1). To
evaluate the functional group ability to adsorb
molecules on MXene surface - azure A, containing
similar to Methylene blue structure was used.

It was established that the surface of maxenes
synthesized in concentrated HF acid is suitable for
adsorbing organic molecules of methylene blue.

This property of MXenes can be widely applied in
various types of sensors and water treatment
technology.
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Fig. 1 Visible light absorption of methylene blue
before and after interaction with MXenes.
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INVESTIGATION OF PHOTOLUMINESCENCE EFFICIENCY OF
GaAsBi/GaAs QUANTUM WELL STRUCTURES
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There is high demand for light sources operating in
the near infrared (NIR) range. Due to favorable
properties, GaAsBi quantum wells (QWs) could be
used as an active area in such emitters [1]. The
bandgap of GaAsBi shifts to a longer wavelength
and becomes less temperature sensitive with
increasing Bi content. Thus, the use of the GaAsBi
qguantum structures as the active medium, would
allow to create a tunable laser on a well-developed
GaAs platform that operates at room temperature
without additional cooling.

Unfortunately, the growth of GaAsBi quantum
structures with high photoluminescence (PL)
intensity is difficult. Bismuth is a large atom and its
insertion into the GaAs lattice requires extremely
low growth temperatures, which leads to a high
concentration of defects, resulting in low
luminescence intensity. To reduce the defect
density in bismide structures, various methods are
used, such as thermal annealing of the structures at
temperatures above the growth temperature [2],
growth under ultraviolet light [3], different designs
of quantum structures [4], etc. All of these
technological modifications affect the emission of
GaAsBi quantum wells in different ways. Although
there are several groups in the world investigating
photoluminescence properties of GaAsBi, none of
them has so far attempted to quantitatively
evaluate the QW emission efficiency of GaAsBi.
There are different ways of determining the internal
qguantum efficiency (IQE) of an active region, some
of which include temperature-dependent relative
measurements, excitation power dependent
measurements, absolute techniques, etc. In this work,
a detailed optical study of GaAsBi QWs is presented:
the photoluminescence efficiency of a twelve
GaAsBi/GaAs multiple quantum well structures
under resonant excitation (excited by a laser with a
wavelength of 910 nm) is investigated.

Due to the extremely low efficiency of the sample,
an absolute quantum efficiency measurement with
an integrating sphere was not possible to conduct.
As a result, alternative methods were employed to
assess IQE. At first, the efficiency investigation of
GaAsBi/GaAs quantum wells was performed using a
temperature dependent (3-300 K) PL measurement
(Fig. 1), where |IQE is estimated by measuring the
ratio of PL intensities at room and low temperatures
and assuming that the nonradiative recombination
at low temperatures is negligible. Also, the IQE of
GaAsBi/GaAs quantum wells was evaluated by the

room temperature PL measurements, varying the
excitation power and employing the Shockley-
Read-Hall model [5]. In addition, temperature-
dependent PL measurements of the GaAsBi/GaAs
QW were carried out under various excitation
power regimes and employing laser power-
normalized temperature-dependent PL intensity
dependency measurements [6].

All in all, the IQE in this work was determined using
several methods and all of them gave similar, but
very low IQE values. The extremely low efficiencies
were associated with the low growth temperature,
resulting in a high density of point defects in the
material.

Quantitatively assessed emission efficiency allows
not only to compare structures grown and
characterized in different laboratories, but also to
evaluate both radiative and non-radiative
mechanisms, which could enhance the optimization
of GaAsBi structure growth.

This work was supported by Research Council of
Lithuania under the grant No. P-SV-23-316 (LMTLT).
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Fig. 1. IQE evaluation of a 12 GaAsBi/GaAs MQW
structure at three different excitation powers using
temperature-dependent photoluminescence
measurement.
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Gallium arsenide bismide (GaAsBi) has emerged as
a promising material within the field of
optoelectronics operating in near infrared spectral
range. Research has shown that the incorporation
of bismuth (Bi) into the GaAs induces a decrease in
the bandgap of the material within the range of 42
to 90 meV per percentage of Bi present [1, 2].
Additionally, the introduction of Bi decreases the
temperature dependence of the bandgap in the
rage of 0.1 to 0.3 meVK' [3]. These properties
render GaAsBi applicable for near - infrared light
sources, photodetectors and devices operating in
terahertz frequency range.

In this work a series of almost completely strained
100 nm thick GaAsBi pseudomorphic layers were
investigated. These samples were grown and
analyzed to ascertain layer characteristics when
employing an ultra - thin buffer layer. The Bi
content varied from 0.97% to 11.2%. The growth
process involved the deposition of GaAsBi layers
on top of a 20 nm GaAs buffer layer, employing
two molecular beam epitaxy (MBE) systems: STV -
A MBE and Veeco GENxplor for different sample
series, indicated with letters B or VGA respectively.
The GaAs buffer layer was grown at 650°C,
afterwards the temperature was reduced for
growing GaAsBi. To increase Bi incorporation,
buffered substrates were exposed to pure Bi flux
for 10 s, creating a Bi wetting layer that partially
covers the buffer layer, thereby acting as a
surfactant. This investigation performed on optical
properties of GaAsBi layers included the use of
photoluminescence (PL) and photoreflectance
(PR) spectroscopies. Room - temperature PL
spectra of all examined samples (see fig.l.) were
measured. In the B series samples, PL spectra
reveal the presence of two distinct PL bands: one
associated with optical transitions in GaAs, the
other corresponding to GaAsBi. In contrast, the
VGA series samples exhibit three PL bands. Further
exploration is required to understand the origin of
the third band, although it may be linked to the Bi
wetting layer utilized during sample growth. Layers
with lower Bi content emitted light up to room
temperature, however, GaAsBi layer with 11.2% of
Bi showed no luminescence at 300K. Therefore, PR
spectroscopy was used and optical transitions

from temperature - dependent PR spectra (see
fig.2.) were seen in the range of 3 to 300K. The
obtained data were analyzed with the use of
Varshni law [4] and Aspnes function [5]. As
expected, in the measured temperature interval
the bandgap of the material decreased. The
incorporation of 1.2 % Bi shifted the bandgap of
the sample towards Ilower energies by
~56 meV/%Bi. Furthermore, the nature of optical
transition was observed to change from excitonic
to band-to-band with increasing temperature.
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Fig. 1. Room temperature PL spectra of all grown
GaAsBi layers with varying Bi content [6].
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Fig. 2. MBE grown GaAso.sssBionz layer (B838) PR
spectra in the 3 - 300 K temperature range fitted with
Aspnes function.
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FEMTOSEKUNDINIU LAZERIU FORMUOJAMI PLAZMONUS
ZADINANTYS MASYVAI
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|vairGs taurieji metalai (tokie kaip auksas,
sidabras, platina) yra placiai tyrinéjami dél jy
pritaikymo saulés panelése [1], biologiniuose ir
cheminiuose sensoriuose [2], bei pavirsiaus
sustiprintoje Ramano spektroskopijoje [3]. Taurieji
metalai ypatingai sgveikauja su elektromagnetine
spinduliuote, o jy nanodaleles paveikus Sviesa,
suzadinami laisvuyjy elektrony svyravimai. Sie
svyravimai, vadinami lokalizuotais pavirSiaus
plazmonais (LPP), pasizymi iSskirtinémis
optinémis savybémis. Tokius darinius tvarkingai
formuojant tam tikru periodu gardeléje, | metala
krentanti Sviesa ne tik kiekviename jy suzadina
LPP, ta¢iau metalo dangoje papildomai suzadina
kitga plazmonine moda - sklindancius pavirsinius
plazmonus. Sios dvi vienu metu suzadintos modos
gali hibridizuotis bei metalo pavirSiuje suzadinti
hibridinius plazmonus, kurie pasizymi pavirsiniu
gardelés rezonansu (PGR). Sis rezonansas issiskiria
tuo, kad yra itin siauras ir turi didelj kokybés
faktoriy bei pasizymi dispersinémis savybémis.
Nors tokios struktlros dazniausiai formuojamos
pasitelkiant fotolitografijg [4], tokie metodai yra
brangls, nelankstds ir sunkiai pritaikomi
stambesnio masto gamyboje. Tiesioginis lazerinis
raSymas yra patraukli ir pigesné alternatyva,
leidZianti lengvai pakeisti formuojamy dariniy bei
gardeliy parametrus. Sufokusuotu lazerio impulsu
suformuojamu dariniy morfologija bei savybés
priklauso nuo naudojamos impulso energijos [5].
Tyrimo metu buvo suformuojamos nanodariniy
matricos (1 pav.), veikiancios kaip vienmatés
gardelés, bei tiriamos aukse suzadinamo
pavirSinio gardelés rezonanso savybés. Nustatyta
jo priklausomybé nuo | bandinj krentancios
Sviesos poliarizacijos bei kampo. Gaunama
rezonansg galima teoriskai apskai¢iuoti pagal
gardelés formules [5]:
€ .2

Au

(1)

(2)
Cia d - gardelés periodas, m - difrakcijos eilé, o -
krintanios Sviesos kampas, eau - aukso
dielektriné konstanta. (1) formulé naudojama, kai j
bandinj krenta s - poliarizacijos Sviesa, (2) - kai
krenta p - poliarizacijos Sviesa.

Dariniai buvo formuojami 343 nm bangos ilgio
Sviesa, PGR savybés buvo tiriamos spektrofoto-
metru, o morfologija - skenuojanciu elektroniniu
mikroskopu.

R e —

1 pav. Nanodariniy nuotrauka, padaryta
skenuojanciu elektroniniu mikroskopu.
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GRAFENO KVANTINIY TASKUY IR DOKSORUBICINO AGREGATY
STABILUMAS, IVERTINTAS OPTINIAIS METODAIS
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Doksorubicinas (DOX) yra antracikliny klasés
antibiotikas, placiai naudojamas vézio chemo-
terapijoje. Sis vaistas sékmingai slopina véZiniy
lasteliy dauginimasi, taciau jo veiksminguma riboja
nepakankamas jsiskverbimas j audinius ir didelis
toksiskumas. Sig problema bandoma spresti
kuriant ir nanotechnologijy pagalba tobulinti
jvairius nesiklius, kurie padeda vaistui efektyviai
pasiekti vézines lgsteles, sukeliant kuo maziau
Salutiniy poveikiy.
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GQD yra grafeno nanodalelés, pasizymincios
unikaliomis savybémis, tokiomis kaip itin mazas
toksiskumas, cheminis stabilumas, biologinis
suderinamumas ir puiki fotoliuminescencija [1-
3]. Taip pat dél itin mazo dydzio, lengvai
prasiskverbia pro biologines membranas. Dél Siy
savybiy GQD turi didelj potencialg
biomedicinoje, pvz., biojutikliy kdrime,
biovaizdinime, o svarbiausia, jie yra geri vaisty
nanoneséjai. GQD savybés, ypaé saveika su
doksorubicinu, vis dar yra tiriamos.

Siame darbe buvo tiriami Zzalia spalva fluores-
cuojantys GQD ir DOX molekulés bei Siy jungi-
niy kompleksai bei analizuojamas GQDs/DOX
kompleksy stabilumas stacionarios spektros-
kopijos metodais. Fluorescencijos spektrai ir
relaksacijos trukmiy kinetikos buvo matuoti
naudojant fluorescencinj gyvavimo trukmeés
spektrometra su pikosekundine laikine skyra.
Grynojo DOX absorbcijos ir fluorescencijos
spektry forma nesikei¢ia esant aplinkos pH.
Stebimas tik nedidelis fluorescencijos spektro
intensyvumo  pokytis, kurj galima priskirti
nezymiam medziagos koncentracijos pokyciui.
Taciau, gryny GQD absorbcijos spektras kinta
esant skirtingam aplinkos pH, ty., esant
zemesniam aplinkos pH, pastebimas sugerties
juostos sumazéjimas ties 600 nm. Gryny GQD

fluorescencijos spektrui, aplinkos pH reikSmin-
gos jtakos neturi. Gryny GQD ir DOX fluores-
cencijos gesinimo kinetikos priklausomai nuo pH
nesikeicia.

GQDs/DOX komplekso  stabilumas buvo
jvertintas optinés spektroskopijos metodais, esant
skirtingiems tiriamy medziagy santykiams (11, 1:2
ir 2:.1) per 10 dieny laikotarpj. Atsizvelgiant j tai,
kad GQD ir DOX absorbcijos ir fluorescencijos
spektrai persidengia, DOX kvantiné iSeiga yra eilés

NH;

1 pav. Grafeno kvantiniy tasky (A) ir doksorubicino
(B) cheminé struktira.

tvarka mazesné ir tai, kad sunku islaikyti lygiai
tokig pacCia medziagy koncentracijg tirpaluose
esant skirtingam aplinkos pH, absorbcijos ir
fluorescencijos spektry intensyvumas néra
tinkamas parametras komplekso stabilumui
jvertinti. GQDs/DOX komplekso stabiluma
galima jvertinti pagal fluorescencijos gesinimo
kinetikg. Matavimo laikotarpiu nustatyta, kad visi
tirti kompleksai islieka stabilds, nepastebéta jy
degradacija. laikui bégant ir esant aukStesniam
aplinkos pH.
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SYNTHESIS AND COUPLING OF FUNCTIONALISED TERPHENYLS
WITH AIR-STABLE DI-ALKYL PHOSPHINE SALTS
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Fluorinated aromatic substances are widely used in
medicine’ and agriculture2. However, their synthesis
remains complicated, with common methods being
non-selective, done under harsh conditions and
resulting in modest yields when more sensitive
substrates are used. The application of transition-
metal catalysis could help to solve these problems,
although its application in C-F bond formation
remained elusive until relatively recently, requiring
more research to be doned Thus, our team is
developing new ligands, based on the structure of
AlPhos?, for palladium (O/Il) catalysed C-F cross-
coupling reactions. We aim to expand the
(hetero)aromatic substrate range by varying the
electronic and steric properties of these phosphine
ligands. Our work consists of two parallel studies:

i) The synthesis and modification of the

terphenyl backbone 2 and 3.
ii) The synthesis of di-tert-alkyl phosphine triflate
salts 7.

Our approach to the synthesis of the terphenyl
backbone 2 makes use of a widely available
starting material 1and is done in 5 steps. For further
modification deprotection of the methyl ether 2
was performed and procedures were developed
for the introduction of new substituents. These
substituents impact the steric and electronic
properties of the ligand backbone, which,
theoretically, should influence the efficiency and
selectivity of the palladium catalyst in C-F cross-
coupling reactions. These properties are further
altered by using different di-tert-alkyl phosphines
7. However, methods used in di-tert-alkyl

R
P(TMS)s +/\,H2
R4

R = j-Pr, t-Bu, Me

RMe 7| TfO

e

7

phosphine synthesis involve multiple steps and
toxic, highly reactive reagents®. Our approach
partially overcomes this by using a phosphine
nucleophile, that is generated /in situ by reacting
tristrimethylsilyDphosphine with triflic acid, which
then attacks a carbon electrophile generated from

a tertiary acetate 6. This umpolung (P/C*) reaction

offers a simpler approach, yielding easy to isolate,

air-stable products that can be directly used in
preparation of ligands. Palladium (O/Il) catalysed

C-P cross-coupling between the terphenyl

backbone 3 and di(tert-alkyl) phosphine 7 will be

performed to obtain the final ligands 8. These
ligands will then be tested in palladium catalysed
fluorination reactions using a variety of substrates.
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A semiconductor material GaAsBi has recently
gained prominence in the field of optoelectronics
due to its attractive properties. By introducing
bismuth atoms in the lattice of GaAs the band gap
of the compound could be significantly reduced.
The band gap of GaAsBi itself exhibits smaller
sensitivity to temperature. The engineering of the
bandgap of bismides allows this compound to be
applied as an active medium in the fabrication of
optoelectronic devices designed to operate within
the infrared (IR) spectrum, such as infrared light-
emitting diodes [1], photodetectors [2], solar cells
[3], etc. However, to fully implement these
opportunities, it remains crucial to continue
studying GaAsBi and the impact of the quantum
structure design on optical properties. Thus, a lot
of attention is given to growth conditions and
technological details.

It was already shown by our group [4], that GaAsBi
quantum wells (QWs) with parabolically graded
AlGaAs barriers (PGBs) have demonstrated a
photoluminescence (PL) intensity at room
temperature that is 50 times stronger compared to
traditional rectangular quantum wells. This
notable outcome can be attributed to the
improved trapping of carriers within the GaAsBi
qguantum wells and more remarkable impact of
carrier localization. Significantly, this boost in PL
intensity is consistently reproducible under growth
conditions for parabolic quantum wells (PQWSs).

In this work different designs of multiple quantum
well structures with AlGaAs PGBs were grown by
molecular beam epitaxy (MBE) and investigated:
double AlGaAs parabolic quantum wells with a
single rectangular GaAsBi QW (DPQW) and single
parabolic AlGaAs guantum well with multiple (2
and 3) rectangular GaAsBi QWs inside (2inPQW
and 3inPQW, respectively). To estimate optical
properties photoluminescence measurements
were carried out for DPQW, 2inPQW and 3inPQW
quantum structures. Room temperature
photoluminescence (RTPL) (shown in Fig. 1 a))
revealed higher intensity of DPQW structure
compared to 2inPQW. Nevertheless, growing
three GaAsBi QWs in one PQW (obtaining
3inPQW structure) significantly improves PL
intensity. Moreover, temperature-dependent PL
measurements showed more homogenous QWs in
this design of QW structure. This can be expected
since the growth time between GaAsBi QWs is

shorter. PL peak positions for all quantum well
structures are graphed (Fig. 1b)) as a function of
temperature. It is evident that a distinctive red-
blue-red shift pattern (S-shape) in the PL peak
positions occurs in the structures under
investigation. This shift in peak positions can be
attributed to the distribution of carriers among
localized states at varying temperatures with
structure DPQW exhibiting the strongest effect,
which is likely responsible for higher PL intensity
at room temperature for this structure.

This work is supported by Research Council of
Lithuania under the grant No. S-ST-23-199.
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Fig.1a) PL spectra of multiple GaAsBi QWs with AlGaAs
PGBs measured at room temperature. b) Temperature
dependence of the PL peak energy.
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Carbon-free fuel or green hydrogen production
by photoeletrochemical water splitting is a
promising way to replace the usage of fossil
fuels on a large scale. However, green hydrogen
is not cost-friendly in comparison with fossil
fuels due to the average energy efficiency[1-2].
In this project, photoanodes based on
nanocomposites of monoclinic BiVOs by
incorporating the nanoparticles of plasmonic
metals (Au & Ag), reduced graphene Oxide
(RGO), and carbon nanotubes (CNT) were
fabricated for photoeletrochemical water
splitting. Four different photoanodes were
prepared by using drop-casting and electro-
chemical deposition techniques.Scanning
electron microscopy (SEM), X-ray diffraction
(XRD), and Energy-dispersive X-ray spectros-
copy (EDS) analysis confirmed the surface
morphology, structural details, and
concentration of carbon nanotubes, graphene
sheet, and BiVO4, Au, and Ag nanoparticles in
photoanodes.Ultraviolet-Visible  spectroscopy
revealed the increasing trend in absorption
edge, for RGO/CNT/BiVOa,
RGO/CNT/Ag/BiVO4, RGO/CNT/Au/BiVQOy4, and
RGO/CNT/Ag/Au/BiVOy, photoanodes
respectively. The photoeletrochemical (PEC)
catalytic response of these fabricated photoano-
des was determined through linear sweep
voltammetry (LSV) during oxygen evolution
reaction (OER) and hydrogen evolution reaction
(HER). The incorporation of reduced graphene
oxide and carbon nanotubes revealed an
increasing trend in current density through fast
transportation of electrons.

RGO/CNT/Ag/Au/BiVO,4 photoanode exhibited
high system kinetics with the lowest over-
potential of 200 mV with the great ABPE% of
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Fig. 1. Working principle of Photoelectrochemical
water splitting.

Key words: photoeletrochemical, water splitting;
hydrogen evolution reaction, oxygen evolution
reaction.
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Lazerinis tekstlravimas yra patraukli technologija
jvairiy medziagy pavirsiams modifikuoti, kadangi
yra papildomy priemoniy ar etapy nereikalaujantis
procesas. Lazerinio apdirbimo galimybés lemia
trumpy bei ultratrumpy impulsy lazeriy taikyma
funkciniams pavirSiams, pasizymintiems
specifinémis naudingomis savybémis, kurti [1].

Siuos  tyrimus jkvepia gamtoje randami
organizmai, tokie kaip lotosas, kurio lapai
superhidrofobiski ir pasizymi savaiminio

nusivalymo efektu, bei Namibo dykumos vabalai,
kuriy skirtingo vilgumo regionais padengtas
kiautas leidzia jiems surinkti vandenj iS rako.
Pavirsiai su modifikuotomis vilgumo savybémis -
tiek hidrofobiniai, tiek hidrofiliniai - gali bati
pritaikomi daugybéje sriCiy, tad daug démesio
sulaukia tiek jy gamybos, tiek charakterizavimo
bldai, tyrinéjamos ir kitos jiems budingos
savybés [2].

Siame darbe buvo tiriamas nertdijan&io plieno
bei vario pavirsiy vilgumo savybiy kitimas, juos
tekstlruojant nano- ir pikosekundiniu lazeriais.
Vilgumas buvo charakterizuojamas statinio
kontaktinio kampo matavimais, o pavirSiuje
lazeriu suformuoti dariniai uzfiksuoti skenuojanciu
elektroniniu mikroskopu. Abiejy metaly atveju
originaliai hidrofilinius pavirsius pavyko paversti
superhidrofobiniais. Eksperimento eigoje buvo
stebimas hidrofiliniy savybiy stipréjimas laikui
bégant.
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PILNOJO LAUKO OPTINE KOHERENTINE MIKROSKOPIJA SU
SKAITMENINE ABERACIJY KOREKCIJA

Austéja TrecCiokaité, Karolis Adomavicius ir Egidijus Auksorius

Fiziniy ir technologijos moksly centras, optoelektronikos skyrius
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Pilnojo lauko optiné koherentiné tomografija (OKT) yra
interferometrinis metodas, leidziantis registruoti
didelés raiSkos OKT vaizdus XY plokStumose giliai
biologiniuose bandiniuose. Tam pasiekti daznai
naudojamas mazo erdvinio koherentiSkumo plataus
spektro  Sviesos Saltinis - LED Sviestukas,
interferometras ir kamera (1 pav.). Taciau, optinés
aberacijos bei fokuso ir koherentinés plokstumy
iSsiderinimas gali stipriai iSkraipyti gaunamg vaizdg ir
riboti efektyvaus vaizdinimo gylj [1, 2].

camera
delay line

mirror

S— b3

3

of] INCEDHE

light r o

source

SaMple me |

1 pav. Principiné OKT sistemos schema.

Interferometrui naudoti du vienodi, x10 vandens
imersiniai mikroskopo objektyvai (NA=0,3). Bandinio ir
atraminés atSakos kontrolei buvo naudojami 3D
pozicionavimo staliukai.
Skaitmeniné  aberacijy

korekcija  jgyvendinama

naudojant kompleksinj OKT vaizdg ir kvadratine fazés
funkcija.
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2 pav. Defokuso skaitmeninés korekcijos algoritmas.
UZregistruotas  defokusuotas FeO  nanodaleliy,
suspenduoty poliuretane, OKT kompleksinis vaizdas
yra Furje transformuojamas ir padauginams i$
kvadratinés funkcijos. Atlikus atvirkStine  Furje
transformacijg =~ gaunamas refokusuotas daleliy
vaizdas.

Kaip parodyta 2 pav., kompleksiniam OKT vaizdui visy
pirma yra atliekama Furje transformacija. Gautas
rezultatas dauginamas i§ fazés funkcijos (fazés
korekcijos) ir tuomet, atlikus atvirkstine Furje
transformacijg gaunamas refokusuotas vaizdas, kai
kvadratinés funkcijos amplitudé pasirinkta teisingai.
Pav. 3 parodyta skaitmeniné defokuso korekcija ant
USAF taikinio (angl. United States Air Force target),
kurio maZiausias elementas yra 137 nm dydZio.
Taikinys buvo mechaniSkai defokusuotas 100 um,
200 pm ir 500 ym. Taip pat buvo pastumta ir atraminé
at8aka per tokj patj atstuma, kad iSlaikyti tokj pat optinj
kelig bandinio ir atraminéje atSakoje. Skaitmeninés
defokuso korekcijos biadu USAF taikys buvo
refokusuotas net ir prie 500 ym defokuso.
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3 pav. Defokusuoti USAF taikinio OKT vaizdai ir jy
skaitmeniné defokuso korekcija.

IS gauty rezultaty pastebime, jog OKT vaizdai ir taip
maziau jautris  defokusui, taCiau pasitelkus
skaitmenine aberacijy korekcijg atkuriama kur kas
daugiau informacijos.

Apibendrinant -  pademonstruota  skaitmeniné
aberacijy korekcija pilnojo lauko optinés koherentinés
mikroskopijos sistemoje pasitelkiant fazine
informacija.
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PRECISE CONTROL OF EMISSION WAVELENGTH IN GaAsBi MQW
STRUCTURES DURING MBE GROWTH
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Near infrared (NIR) range is widely used in a variety
of everyday applications, such as telecommu-
nications, environmental and biological sensing.
Although, the sensors working in this wavelength
range are already well developed, there is still a need
for more efficient and stable laser operation. GaAsBi
emerges as a good candidate for use as the active
media in NIR light emitting devices. Currently,
indium-based semiconductor structures are
generally used for fabrication of NIR lasers, never-
theless bismides show a number of possible
advantages over their counterparts:

(1) good temperature stability, and operation in
room temperature, mitigates the need for cooling
in low power laser diode applications [1]; (2) rapid
band gap reduction of up to 90 meV per 1% of Bi
enables reaching longer wavelengths without
introducing large concentrations of large diameter
atoms into the lattice, resulting in better strain mana-
gement; (3) suppression of non-radiative Auger
recombination due to the spin-orbital splitting
energy becoming larger than the energy bandgap
at ~M% of Bi concentration, could make the final
devices more efficient [2].

Production of highly selective sensing systems
requires laser devices operating at a particular
wavelength corresponding to absorption of certain
molecules, for example the 940nm emission
necessary for blood oxygen sensing is achievable
with just 2.4% of Bi content in a 5.5 nm rectangular
quantum well (RQW), while sensors for environ-
mental pollutants such as: CO,, CO, CHa, operate in
the range from 1000 - 1200 nm, corresponding to 4-
9% of Bi in an RQW.

This work focuses on enhancing the precision of the
emission wavelength control during molecular beam
epitaxy growth of semiconductor light emitting
devices. Structures presented were grown using a
solid-state Veeco GENxplor R&D MBE system
equipped with high purity metallic sources. Such
system enables low temperature growth (400°C
and less), and precise control of As flux required
to reach an As/Ga beam equivalent pressure ratio
(BEPR) close to stoichiometry. These are the two
crucial conditions that must be achieved to enable
Bi introduction into the GaAs lattice.

Two main parameters responsible for the emission
wavelength are the thickness of the QW and Bi
content. In this work the QW thickness was set to
be constant at 5.5 nm in aims to investigate how

different growth conditions, namely: As/Ga BEPR,
Bi flux, and substrate temperature influence the
changes in emission wavelength related to Bi
content in the QW. During the investigation change
in Bi flux did not show a significant influence on the
PL spectrum, hinting at a temperature limited
growth regime. Consequently, attention was
focused to the influence of substrate temperature.
Band-edge thermometry was used to monitor
substrate temperatures during bismide growth.
Temperatures in the range from 320°C to 400°C
were selected, with an obvious trend of higher
emission wavelengths observed for samples grown
in lower temperatures. Additionally, variation in
As/Ga BERP also resulted in a change of emission
energy, although this dependence was way less
sensitive than the substrate temperature. Finally,
the influence of the structures capping layer was
investigated in terms of its growth temperature.
Room temperature photoluminescence (PL) measu-
rements were performed for all grown samples to
evaluate the shifts in emission energy and change in
intensity, which can be related to Bi content. Additio-
nally X-ray diffraction was performed to confirm the Bi
concentration estimations from PL and provide
information on the QW thicknesses. Finally, PL
intensity mappings were made, to investigate the
homogeneity of grown samples, and roughly evaluate
the presence of lattice mismatch dislocations.
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Fig. 1. PL intensity mapping of GaAsBi 5xRQW test

structure
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INVESTIGATION OF OPTICAL PROPERTIES OF GaAsBi MQW NIR LED
GROWN ON AlAs SACRIFICIAL LAYER
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A classical and well-known material, gallium
arsenide (GaAs), is used to manufacture various
optical devices such as light emitting diodes (LEDs),
laser diodes (LDs) operating in the IR spectral range.
The performance of optoelectronic devices can be
improved via incorporation of bismuth (Bi)"2. The
unique gallium arsenide bismide (GaAsBi) features
are much faster bandgap reduction, increased
temperature stability of the bandgap, as well as
suppressed Auger recombination for higher
concentrations of Bi.

This work explores the growth procedure and the
optical properties of GaAsBi/GaAs LED, emitting
in the near infrared range (NIR), containing
multiple quantum wells (MQW) and a sacrificial
aluminum arsenide (AlAs) layer for integration on
silicon platform. The sacrificial AlAs layer is
intended to be removed via wet etching, which
allows the LED structure to be integrated on Si
substrate.

GaAsBi/GaAs MQW LED was grown using
molecular beam epitaxy (MBE) technology. MBE is
a well-known method to grow structures, based
on GaAs. The growth of high-temperature (HT)
layers was performed at 665 °C, while the low-
temperature (LT) layers were grown at 435 °C.
Firstly, 500 nm of AlAs sacrificial layer was grown
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Figure 1. EL spectrum of GaAsBi/GaAs MQW LED
measured at room temperature, with different
excitation voltages and currents.

References

on n-GaAs:Si substrate. Such AlAs thickness
creates enough surface area for wet etchant to
efficiently react. The n-GaAs:Si layer (n-type
region) was grown at 665 °C, reaching Si
concentration of about 2 - 10® cm™3. 5 GaAsBi
QWSs were grown at 435 °C with LT-GaAs spacer
on top. Low temperature was selected to avoid Bi
redistribution in the quantum wells. Lastly, the
p-GaAs:Be (p-type region) was grown on top by
doping with a Be concentration of
5-10® ecm™3 at 550 °C. The entire growth
procedure was optimized to obtain an LED
structure emitting at 1.1 um wavelength.

The LED structure was characterized via x-ray
diffraction (XRD), atomic force microscopy
(AFM), and electroluminescence measurements
(EL) both at room temperature (300K) and at
80K. To carry out the electroluminescence
measurements, the structure was wet etched in
order to expose its’ n-type region and allow for
application of indium (In) contacts. The room
temperature electroluminescence results,
demonstrating the central spectral wavelength at
115 eV (corresponds to 1078 nm), are depicted in
Figure 1. The LED was cooled down to 80K via
liquid nitrogen. Its’ measured electroluminescence

is visible in Figure 2.
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Figure 2. EL spectrum of GaAsBi/GaAs MQW LED
measured at 80K, with different excitation voltages
and currents.
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MXene-BASED COLORIMETRIC SENSOR FOR
THE DETECTION OF SILVER IONS
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Silver ions found in drinking and surface water
significantly threaten the health and well-being of
humans and other species. The Environmental
Protection Agency (EPA) suggests that the silver
ion concentration in drinking water should not
exceed 1142 mg/L for short-term exposure [1].
Potential techniques for silver and other metals
ions detection include but are not limited to -
atomic absorption/emission spectrometry
(AAS/AES), inductively coupled plasma-mass
spectrometry (ICP-MS), fluorometry, electroche-
mical methods, and colorimetry. Among all these
methods, colorimetry is the most user-friendly,
does not require sophisticated equipment, and is
easily employable for real sample analysis on the
spot. Moreover, the smartphone can work as a
device to detect analytes accurately, helping
colorimetric sensors spread widely [2].

MXenes, which are recently found 2D materials,
might be one of inexpensive, simple, effective and
selective methods for detecting metal ions in
water samples. MXenes are a broad family of 2D
materials described by the general formula
Mn+1XnTx, Where M stands for transition metal (Ti, V,
Cr, etc.), X represents carbon or nitrogen, and Ty
represents the surface terminations, such as O, OH,
F, and/or Cl, which are bonded to the outer M
layers. Major applications of MXenes are energy
storage and conversion, environment and catalysis,
separation membranes, medicine, optics, and
electronics. MXenes have unique properties,
making them great for applications mentioned
above and for our research. Some of these unigue
properties include functionalized surfaces that
make MXenes hydrophilic and ready to bond to
various species; high negative zeta potential,
enabling stable colloidal solutions in water. In
addition, it is essential to note that MXenes have a
large surface area, making them excellent
adsorbents for various molecules and ions [4].
This research aims to test TizC,Tx MXenes as 2D
nanomaterials suitable for detecting metal ions in
aqueous solutions. Silver ions were chosen as a
model ion, which is also an important analyte in
drinking water. Silver ions are adsorbed onto
MXene surface, which creates visually noticeable
change in color and spectra (Fig.1). MXenes in this
study were synthesized by the MILD etching
method, as it is the primary method to collect
high surface area 2D nanostructures. As MXenes
possess the ability to adsorb ions, experiments

were done in buffer solutions, trying to have as
stationary conditions as possible. The main part
of the experiments was done in citrate buffer.
Experiments were done in a broad pH range from
3 to 8, and the changes of UV-Vis absorbance
were registered with a spectrophotometer at
403-440 nm wavelength, depending on pH value.
From these measurement data, the limit of
detection and linear silver ions detection range
was determined.
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Fig. 1. Principal scheme of Ag* ions detection by
MXenes. UV-Vis Spectra of: A - silver ions, B - TizC>
MXenes, and C - MXene-Ag composite.

In conclusion, it was determined that TizCs
MXenes possess strong reductive properties and
can be employed in designing colorimetric
sensors for metal ions detection in aqueous
solutions. Experiments show that MXenes
concentration and pH are the main factors
affecting the performance of sensors. The
calculated limit of detection and linear silver ions
detection range is from 3 to 150 Kmol/L,
promising for further development of MXene-
based colorimetric metal ions sensors.
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TITANIUM SUBOXIDES APPLICATION AS A PHOTOCATALYST
FOR THE DECOMPOSITION OF RHODAMINE B DYE UNDER VISIBLE
LIGHT IRRADIATION
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Increasing water pollution all over the world,
mainly due to rapid industrialization, is becoming
an increasingly significant and challenging problem
to solve. One of the frequently encountered types
of pollutants is organic dyes, which are widely used
in textile, paper, publishing, and many other
industries. These pollutants are characterized by
high diffusion, due to which they spread particularly
widely, have a stable structure, and are highly toxic.
Organic dyes reduce water's permeability to light,
harming aquatic ecosystems, destroying the
aquatic environment's biological activity, and
threatening the safety of drinking water and human
health [1]. One of the promising methods for water
purification is the photocatalytic decomposition of
organic pollutants using sunlight (Fig. 1.). To make
this process efficient, the main challenge is finding
materials cheaply preparable on a large scale and
the material's ability to absorb visible light and
produce various radicals responsible for the
decomposition of various organic compounds [2].
Black titania is a term describing titanium
suboxide (TiOyx) phases, which are primarily
attractive due to their optical properties [3].
Titanium suboxides, especially TiO and Ti»Oz
phases, possess the ability to efficiently absorb
visible light. Moreover, the preparation of this
titanium suboxide powder is a scalable process.
There are several methods for large-scale synthesis,
but the most common is the reduction of TiO; in a
hydrogen atmosphere or the annealing of
amorphous TiO2 in a vacuum. This kind of
pretreatment leads to the formation of defects in
the structure, which are favorable for light-
initiated radical formation. Such a process can be
exploited for the wastewater treatment and
degradation of organic pollutants. There are
several studies overviewing the photocatalytic
effects of black titania, and in some cases, the
efficiency is high enough for application in a real-
life sample. However, the main challenge is these
photocatalysts’ cheap and large-scale production
and the enhancement of their active surface area
[41.

This research’'s main aim is to show that commer-
cially available and easily preparable in a large scale

TiO and Ti.Osz microsize powder can find
application as a photocatalyst for visible light-
initiated photocatalytic degradation of organic
dyes such as Rhodamine B. The experiments were
performed by dispersing TiO and Ti.Oz powders in
the aqueous medium with organic dye and
illuminating with a visible light Xenon lamp. After
photocatalysis experiments, the absorbance
spectra of samples before and after illumination
were recorded by UV-Vis spectrophotometer.
Together with photodegra-dation, the adsorption
on particles was evaluated to have precise results
of how much of the dye was decomposed.
Moreover, the photocatalytic decomposition was
improved by ultrasonic bath pretreatment of

powders.
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Fig. 1. Principal scheme of TiO/Ti2Oz application in
photocatalytic decomposition of Rhodamine B dye.

In this research, TiO and Ti,Oz powders were
tested as materials suitable for photocatalytic
wastewater treatment. Large-scale production
powders  showed promising results  for
developing TiO and Ti,Oz photocatalysts. The
main issue related to these powders is low active
surface area, partially solved by pretreatment in
the ultrasonic bath.
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The promising field of terahertz radiation
research offers exciting opportunities for
visualizing and analyzing a wide range of
materials [1]. It comes as no surprise that this
field demands a significant amount of pricy
equipment. The solution to this problem could be
a lot less complicated than anticipated. Paraffin
lenses are a promising solution for improving the
performance of THz imaging systems due to
their low cost and ease of manufacturing [2].
The aim of this work was to manufacture three
paraffin lenses for 0.1 THz frequency
electromagnetic waves with focal lengths of
2cm, 3cm, and 4cm. It was achieved by
parametrizing the mentioned optical
components using 3D FDTD (Finite-Difference
Time-Domain) method and observing how the
EM radiation propagates after reaching the lens.
Obtained dimensional characteristics were used
to print lens moulds using 3D extrusion printing
method. The molds were subsequently filled with
melted paraffin, which was then removed after it
solidified.

Manufactured optical components were
characterized and compared to theoretical
simulations. The lenses behaved similarly as in
simulations - terahertz radiation was successfully
focused at around 2 cm, 3 cm and 4 cm distance
from the lens (Fig. 1). Beam profiles were
successfully evaluated and the obtained, FWHM
(Full width at half maximum) ranged from
3.5mm to 4.7 mm. Unfocused beam exhibited
the same parameter of magnitude 28 mm, which
allows to make a conclusion, that the THz
radiation was compressed around 7 times.
Finally, the lenses were successfully used to
perform terahertz imaging on a credit card
placed in an envelope. The edges of the card and
certain metal components can be clearly
distinguished.

To conclude, the outcomes of this research are
highly satisfactory. The theoretical simulations
closely match the practical measurement results.

Furthermore, at the focus distance, the beams
exhibit uniform focusing capabilities. The lenses
can be successfully used in terahertz imaging
with the main advantage being cheap and simple
manufacturing process. This research is on track
to pave the path for cheap and easily accessible
terahertz optics, that can be used for numerous
everyday applications.

40

35

)
Normalized E-field intensity (a.u.)

10 20 30 40 50 60
Z (mm)

Figure 1. Experimental observations of E-field
intensity of paraffin lenses along the optical axis.
2cm, 3cm, and 4 cm from top to bottom.
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