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1766 m. angly mokslininkas Henris Kavendisas
pirmasis atrado vandenilj. Vandenilis (H2) yra
paprasciausias, lengviausias ir gausiausias
elementas visatoje. Jis pasizymi dideliu energijos
tankiu, todél yra idealus kuro Saltinis transporto
priemonése. 1888 m. pirma kartg elektros srove
leidziant per vandenj buvo pastebéta, kad vandens
molekulé skyla j deguonj ir vandenilj. 1960-1970 m.
dél iSaugusio elektros poreikio bei atsiradusiy pigiy
gamtiniy dujy pradéta gamyba is iskastinio kuro.
Siuo metu apie 95 proc. pasaulio vandenilio
pagaminama is$ iSkastinio kuro, o tai prisideda prie
globalinio atSilimo. Planuojama, kad ateityje
vandenilio bus gaminama vis daugiau - ir panaudoji-
mas jo bus platesnis. Dabar didziausia vandenilio
paklausa yra trasy ir naftos perdirbimo sektoriuose.
Vandenilis vis dazniau naudojamas kaupti perteklinei
elektros energijai, pagamintai iS atsinaujinandgiy
Saltiniy, pvz., véjo ir saulés energijos. Taip pat
vandenilis naudojamas gaminant jvairius cheminius
junginius, valant naftos produktus ir apdirbant
metalus. Kosminiy rakety varikliuose ir jvairiuose
eksperimentinése transporto priemonése vandenilis
kol kas naudojamas ribotai, bet ateityje tai gali
pasikeisti [1].

Viena i$ svarbiausiy vandenilio kaupimo
medziagy savybiy yra didelé gravimetriné
vandenilio talpa. Natrio borohidridas laikomas viena
tinkamiausiy medziagy vandenilio generavimui, taip
pat yra pigus, draugiSkas aplinkai, stabilus
Sarminiuose tirpaluose, nedegus, netoksiskas,
nereikia sudétingy salygy proceso vykimui [2, 3].
Pazymétina, kad borohidrido hidrolizés reakcijos
metu gaunamas ypac grynas vandenilis, kuris gali
bati tiesiogiai naudojamas vandenilio kuro
elementas. Kuro elementai, naudojantys gryna
vandenilj, beveik neisskiria kity tersaly, iSskyrus
vandenj [4]. Todél selektyviy Sios reakcijos
katalizatoriy atradimas yra svarbi tyrimo dalis,
siekiant iSvengti elektrodo pavirSiaus uztersimo
proceso metu ir vandenilio saugojimo bei
transportavimo trakumuy.

Sio darbo tikslas buvo suformuoti NiMo(1)/Cu,
NiMo(5)/Cu, NiMo(10)/Cu, NiMo(15)/Cu ir
NiMo(20)/Cu katalizatorius, juos charakterizuoti ir
jvertinti jy katalizines savybes natrio borohidrido
hidrolizés reakcijai. Visos NiMo dangos buvo
nusodintos ant Cu pagrindo paprastu cheminiu
nusodinimo metodu, naudojant morfolino borang
kaip reduktoriy. Buvo gauti katalizatoriai su
skirtingu molibdeno masés procentiniu kiekiu: 1, 5,
10, 15 ir 20. Katalizatoriy pavirSiaus morfologija,
struktdra ir cheminé sudeétis buvo istirta naudojant

skenuojancia elektrony mikroskopija (SEM) ir
indukuotos plazmos optinés emisijos spektros-
kopija (ICP-OES), Rentgeno spinduliy fotoelek-
trony spektroskopijg (XPS), Rentgeno spinduliy
difrakcijos spektroskopija (XRD) ir Rentgeno
spinduliy energijos dispersine analize (EDS).
Natrio borohidrido hidrolizés reakcijos katalizinis
aktyvumas buvo jvertintas iSmatuojant vandenilio
kiekj, iSsiskiriantj S katalizuojamos natrio
borohidrido hidrolizés reakcijos.

Darbo metu buvo suformuoti visi minéti
NiMo/Cu katalizatoriai. Buvo istirta jy morfologija
ir struktdra. Nustatyta, kad paruostos dangos
susideda is jvairaus dydzio daleliy, kurios susijungia j
ovalo formos aglomeratus. Jy vidutinis dydis siekia
nuo 0,286 iki 2,143 um. Taip pat visos tirtos dangos
yra kompaktiskos, be jokiy jtrakimy ar defekty ir
pasizymeéjo kataliziniu aktyvumu natrio borhidrido
hidrolizés reakcijai. Nustatyta, kad dviejy
komponenty NiMo(20) danga pasizyméjo didziausiu
kataliziniu aktyvumu. Nustatyta, kad vandenilio
susidarymo greitis priklauso nuo molibdeno kiekio
katalizatoriuose ir darbinio tirpalo temperatdros.
Vandenilio susidarymo greitis nuo 3,55 iki 6,32
ml/min buvo pasiektas esant 343 K temperatdrai,
naudojant NiMo/Cu katalizatorius su jvairaus
molibdeno kiekiu, atitinkamai nuo 1iki 20 masés %.
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7, min

1 pav. NiMo(20)/Cu katalizatoriaus pakartotinis panau-
dojimas po penkiy cikly 5 masés % NaBH4 + 0,4 masés %
NaOH tirpale.
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Papillary thyroid carcinoma (PTC) and follicular
thyroid carcinoma (FTC) account for up to 88% of all
cases of thyroid cancer [1]. Both types of thyroid
cancer are well differentiated, meaning that the
cancer cells retain essential characteristics of normal
cells. However, it is very important to correctly
classify the type of cancer, as the effectiveness of
treatment, patient survival and overall patient
condition are highly dependent on the accuracy and
timeliness of diagnosis. Cancer progression is
associated with a change in the extracellular matrix,
an altered balance between collagen synthesis and
degradation, and the possible formation of a collagen
barrier between PTC or FTC cells and normal tissue.
Therefore, the specificity of the cancer-related
collagen network can serve as a diagnostic
biomarker for a specific type of thyroid cancer.
Second harmonic generation (SHG) microscopy
enables non-destructive, label-free characterization
of the collagen fibers that form the extracellular
matrix of tissue [2]. Supported by machine learning
(ML) algorithms, it can contribute, for example, to
the identification of capsular invasions in PTC [3].
The application of supervised ML models in
conjunction with SHG imaging of cancer tissue can
provide additional automated diagnosis, reveal
biomarkers of early cancer progression and avoid
human error. In the present study, we aimed to
develop supervised ML models to discriminate
between SHG microscopy images of PTC and FTC
based on the intensity and texture parameters of
SHG images of both cancers. The texture parameters
were calculated on the basis of the gray-level co-
occurrence matrix and the gray level run-length
matrix. From a wide range of ML classification
algorithms, we selected two monolithic (Multi-layer
Perceptron (MLP), Support Vector Classifier (SVC))
and two ensemble models (Random Forest (RF),
Extreme Gradient Boosting (XGBoost)). The latter
models are considered advantageous compared to
monolithic models, as they represent a combination
of individual classifiers and have proven to be more
stable against data changes. Stratified K-fold cross-
variation [4] was performed to estimate the best
sets of key hyperparameters that provide the best

predictive performance of each model. The
diagnostic potential of the developed models was
then estimated using the test dataset. The test
dataset was scaled using the scaling parameters
estimated with the training dataset. All calculations
were performed in Python using open source
libraries.

The estimated values of diagnostic accuracy
and specificity of all models obtained with the
training and test datasets are shown in Table 1. For
the training dataset, the classification accuracy varies
between 79.4% for MLP and 100% for RF. However,
the significant drop in the accuracy of RF for the
unknown test data indicates a possible overtraining.
Thus, RF cannot be considered as an optimal model
for PTC/FTC classification. The diagnostic accuracy
of the remaining ML models ranges from 72.17% for
XGBoost to 76.95% for SVC, suggesting that SVC is
the optimal ML model for PTC/FTC classification.
Moreover, SVC outperforms the other models in both
sensitivity and accuracy (Table 1).

Table 1. Results of classification

ML model ML Testing Training | Sensitivity, | Specificity,
type model accuracy, % | accuracy, % % %

o SvC 76.95 84.62 82.27 69.65
Monolithic ™4 p 74.34 79.40 83.07 62.38
Ensemble XGBoost 7217 82.60 79.65 60.45

RF 71.55 100 78.15 63.96

The results indicate that SHG microscopy of thin
thyroid tissue sections, combined with machine
learning algorithms, allows for automatic
classification of samples as either PTC or FTC,
achieving an accuracy of over 76% and a sensitivity
of over 82%. This approach could therefore provide
significant clinical benefits for the diagnosis and
appropriate treatment of thyroid cancer patients.
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Bimetallic 3D Nickel-Manganese Coatings:
High-performance HER and Stable OER Electrocatalysts for Alkaline
Water Splitting and Overall Seawater Splitting
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Loreta TamaSauskaité-Tamasitnaité and Eugenijus Norkus
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The perfect strategy for producing green and
renewable hydrogen (H2) fuel is the direct
electrocatalytic splitting of abundant seawater
rather than scarce freshwater. The half-reactions
that take place during the electrocatalytic splitting
of freshwater/seawater are the hydrogen
evolution reaction (HER) and the oxygen
evolution reaction (OER). However, the OER is
affected by the slow four-electron transfer kinetics
and the competitive chlorine evolution reaction
(CER) in seawater. To overcome the kinematic and
competitive barriers of seawater splitting and to
achieve an excellent and stable overall
performance of seawater splitting, we herein
report a facile, low-cost, one-step fabrication of
3D structured nickel-manganese (NiMn) bimetallic
coatings using a dynamic hydrogen bubble
template technique. The electrocatalytic activities
of these synthesized catalytic materials were
investigated in alkaline media (1 M KOH),
simulated seawater (0.5 M NaCl +1 M KOH,
denoted as SSW) and alkaline natural seawater
(natural seawater + 1M KOH, denoted as ASW) for
HER and OER using linear sweep voltammetry
(LSV) at temperatures ranging from 25 °C to 75
°C. Scanning electron microscopy (SEM) and
inductively coupled plasma optical emission
spectroscopy (ICP-OES) were used to examine
the surface morphology and composition of the
prepared catalysts.

The as-prepared NiMn/Ti-5 electrocatalyst,
electro-deposited using a chemical bath with a
Ni?*:Mn?* molar ratio of 1:5, exhibits excellent HER
activity with ultra-low overpotentials of 64.2 mV
and 79.3 mV to reach the benchmark current
density of 10 mA cm™ in SSW and ASW,
respectively. In contrast, the NiMn/Ti-1 catalyst,
prepared from a plating bath containing Ni?*:Mn2*
molar ratio of 1:1 with the lowest Mn loading of
13.43 Mg cm™, exhibits reasonable OER activity,
requiring overpotentials of 386 and 388 mV, to
achieve the benchmark current density of 10 mA
cm™ in CI” ions rich SSW and ASW, respectively.
This optimal bimetallic electrocatalyst also
demonstrated superior long-term stability,
maintaining a constant potential of .81V (vs. RHE)
and a constant current density of 10 mA cm™ for

24 hours in both working electrolytes. It is worth-
mentioning that the both optimal electrocatalysts
assembled in a two-electrode electrolyzer namely,
[NiMn/Ti-5¢|INiMn/Ti-1¢] required only 1.619 V to
deliver current density of 10 mA cm™ for overall
alkaline seawater splitting at room temperature,
which is even 75 mV lower than the noble metal-
based electrolyzer assembly Pto|INiMn/Ti-1e.

(a)

LOMKOH +
Seawater oy

© OWS in ASW @25 °C (d) . SSW (1.0 M KOH+0.5 M NaCl) 1

—— NiMnTi-5|NiMnTi-1
—— PH/NiMnTi-1

10 12 14 16 18 20 22 24 26
E/V

Two-electrode electrolyzer assembly

19 T T T T T T T T T T T T T T T T T T T T
e [ —— NiMnTi-5||NiMnTi-1 |
1.8 b
> @ 10 mA cm™
~N 17 F
53]
1.6 1= 1711V 1.713 V]
1 5 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
Time (h)

Fig. 1. Schematic representation of overall alkaline
seawater splitting (a), the digital photograph of
the assembled two-electrode cell (left) and the
bubbles on the electrodes (right) (b), LSVs for the
overall alkaline seawater splitting at 25 °C (c), a
comparison of activity of the assembled
electrolyzer with recently reported catalysts (d)
and long-term durability test of the assembled
two-electrode NiMn/Ti-5¢|INiMNn/Ti-1y  electro-
lyzer for overall alkaline natural seawater splitting
(e).
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HIDRAZINO OKSIDACIJOS ANT NIKELIU IR AZOTU LEGIRUOTUY
ANGLIES KATALIZATORIY TYRIMAS

Virginija Uleviciené, Loreta Tamasauskaité TamasiGnaité

Fiziniy ir technologijos moksly centras, Katalizés skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: virginija.uleviciene@ftmc.It

IS biomasés gauta anglis yra perspektyvi
alternatyva tradiciskai gaminamiems anglies
pagrindo katalizatoriams. Si medziaga turi didelj
potencialg kaip tvarus anglies Saltinis, skirtas
atsinaujinantiems energijos Saltiniams naujos
kartos energijos kaupimo ir konversijos
sistemose. Biomasé yra svarbus anglies
pirmtakas dél savo atsinaujinamumo, gausumo
Zeméje, ekologiskumo, mazy sgnaudy,
netoksiSkumo, tvarumo, paprastos gamybos bei
heteroatomy (N, P, S ir kt.) jvairovés savo
vidinéje sudétyje. Siame darbe pristatoma
paprasta ir nebrangi katalizatoriy sintezés
strategija, pagrindu naudojant susintetintus
anglies katalizatorius iS medienos atlieky bei juos
legiruojant nikeliu ir azotu. IS berzo skiedry
susintetinti anglies milteliai buvo chemiskai
aktyvuojami NaOH 800°C temperatdroje ir po to
legiruojami azotu ir nikelio (Ni) dalelémis,
naudojant dicianodiamidg (DCDA) kaip azoto
prekursoriy ir nikelio acetatg kaip N} jony
prekursoriy, naudojant rotacinio garinimo
metoda. Susintetinty AWC-N ir AWC-Ni-N
katalizatoriy pavirSiaus morfologija, struktdra bei
sudétis buvo detaliai istirta, naudojant
persvieCiamos elektroninés mikroskopijos (TEM),
Rentgeno spinduliy fotoelektrony
spektroskopijos (XPS), skenuojanciosios
elektrony mikroskopijos (SEM), Indukuotos
plazmos optinés emisijos spektroskopijos (ICP-
OES) ir Raman sprektroskopijos metodus, o
elektrokatalizinis aktyvumas hidrazino (N:H.)
elektrooksidacijai buvo jvertintas, naudojant
cikline  voltamperometrija. Nustatyta, kad

susintetintas AWC-Ni-N katalizatorius susideda
i$95,73at.% C, 0,77 at.% N, 1,56 at.% O ir 1,94 at.%
Ni. Be to, Sis katalizatorius turi labai didelj
specifinj pavirdiaus plotg - 2050 m? g™

1 pav. SEM vaizdai AWC-N (a) ir AWC-Ni-N (b)
katalizatoriy.

2 paveiksle pavaizduotos ciklinés voltamperogramos
ant AWC-N (@) ir AWC-Ni-N (b) katalizatoriy 1 M
NaOH ir 0,05 M N:Hs + 1M KOH tirpaluose, skleidziant
elektrodo potencialg 50 mV s? grei¢iu. AWC-Ni-N
katalizatorius pasizymi didesniu elektrokata-
liziniu aktyvumu N:Hs oksidacijos reakcijai nei
AWC-N katalizatorius: iSmatuotos N2H4
oksidacijos srovés tankio vertés yra didesnés ant
AWC-Ni-N katalizatoriaus lyginant su AWC-N
katalizatoriumi. N:Hs oksidacija ant AWC-Ni-N
katalizatoriaus vyksta, esant neigiamesnéms
elektrodo potencialo vertéms nei ant AWC-N
katalizatoriaus.

[ (@) AWC-N 50mV/s
80 1

—— I MKOH
60 F  —— 0.050 MN,H, + 1 MKOH .

20

-20 -

" (b) AWC-Ni-N 50mV/s

80

j/mAcm

—— I MKOH Y
60 - —— 0050MN,H,+ I MKOH ) -

40 |

20

20 -

-1.2 -0.8 -0.4 0.0 0.4
Evs.SCE/V
2 pav. CVs uzrasytos ant AWC-N (a) ir AWC-Ni-N (b)
katalizatoriy T M NaOH ir 0,05 M N:Hs + 1T M KOH
tirpaluose, skleidziant elektrodo potencialg 50 mV s
greiCiu, T = 25°C.

Nepertraukiamo ciklinimo eksperimentai parode,
kad AWC-Ni-N pasizymi aktyvumu ir stabilumu
N,H, elektrooksidacijos reakcijai ir gali buati
naudojamas kaip anodo katalizatorius
tiesioginiuose hidrazino kuro elementuose
(DHFC).
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The process of electrochemical water splitting
has the potential to offer a sustainable energy
conversion method that does not result in
environmental contamination. The development
of active, stable, and low-cost electrocatalysts is
a crucial objective for practical applications that
must meet scalability and durability require-
ments. This work summarizes the research on the
electrocatalytic performance of cobalt
phosphorus (Co-P) in two important water
splitting reactions: the hydrogen evolution
reaction (HER) and the oxygen evolution
reaction (OER).

Herein, Co-P catalysts with different
compositions were synthesized by the
electroless metal deposition method on a copper
sheet substrate. Sodium hypophosphite
(NaH;PO,) was used as the reducing agent.
Scanning electron microscopy (SEM) and
energy-dispersive X-ray spectroscopy (EDX)
were used to characterize the surface
morphology, structure, and composition of the
prepared catalysts.

The Co-P catalysts were obtained with different
P contents of 5, 8, and 11 wt%. The performance
of the Co-P coatings for the HER and OER was
evaluated by linear sweep voltammetry (LSV) in
1M KOH solution.

It was found that the Co-P coating with the 11
wt% of P exhibited the lowest overpotential
value of -115.4 mV for the HER to obtain a current
density of 10 mA cm™? compared to the Co-P
coatings with 8 wt% (-121.5 mV) and 5 wt% (-
182.9 mV) of P. On the other hand, the lowest
OER overpotential (419.46 mV) was observed for
the Co-P coating with the 8 wt% of P to obtain a
current density of 10 mA cm™2 as compared with
the Co-P coatings with 5 wt% (430.51 mV) and 11
wt% (466.86 mV) of P. The obtained catalysts
seem to be suitable candidates for HER and OER
in alkaline media.
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BISMUTH PLATED LASER-INDUCED (BI-LIG) GRAPHENE
ELECTROCHEMICAL SENSOR FOR ZINC DETECTION
IN PLANT TISSUES
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2 Romualdas Trusovas, 'Rasa Pauliukaite

Department of Nanoengineering, 2Department of Laser Technology,
Center for Physical Sciences and Technology (FTMC),Savanoriu ave. 231, LT-02300 Vilnius
e-mail: pamela.rivera@ftmc.It

Zinc is a vital micronutrient for plants as it plays
a role in metabolic and physiological processes,
enzyme activation, and maintaining ion balance
[11. A lack of zinc can interfere with basic
metabolic functions, resulting in stunted growth
and reduced nutrient absorption. Conversely,
excessive zinc can hinder germination, reduce
biomass, and negatively impact yield and quality
[2]. To optimize zinc fertilization, accurate
measurements of zinc levels in both plant tissues
and growing substrates are crucial to ensure
fertilization efficiency and avoid overapplication.

Currently, zinc content in plant tissues is
typically measured using atomic absorption
spectrophotometry following acid digestion, a
method that is both costly and time-consuming
[3]. Electrochemical sensors offer a faster, more
accurate, and on-site alternative for measuring
zinc levels, which would provide more timely
data for decision-makers involved in fertilization
management.

Previous studies have demonstrated the
sensitivity of bismuth films for detecting Zn(ll)
[4], while laser-induced graphene (LIG) has
shown promise as a flexible sensor material [5].
In this study, we explore the use of bismuth-
plated laser-induced graphene (Bi-LIG) as a
potential electrode material for detecting zinc in
plant tissues via square wave anodic stripping
voltammetry (SWASV). The LIG is produced
from polyimide film, onto which a bismuth film is
electroplated.

Laserscribing on Electrodeposition

Polyimide (PI)
film

Fig. 1. Scheme of the fabrication process of the Bi/ LIG
electrodes. The LIG was produced from polyimide (PI)
film under the following laser parameters: CO2, 0.5 W
laser power, 20 mm/s speed and 100 KHz frequency.
Bismuth was electrodeposited onto the LIG from a 20
mM Bi solution.

of bismuth

The obtained LIG is studied using Raman
spectroscopy to determine the quality of the
graphene. Additionally, the electrochemical
properties of synthesized sensing material will be
investigated utilizing cyclic voltammetry (CV)
and electrochemical impedance spectroscopy
(EIS). Finally, the sensing material will be applied
for the detection of Zn content in plant tissues.
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Fig. 2. Calibration curve obtained with the Bi-LIG for
Zn2+
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Electrochemical detection of Zn(ll) is crucial
because it is an essential microelement in plants
and animals as well as humans [1]. This study
focuses on understanding of Zn metabolism in
plants using beetroot leaves as model systems.
ZnO nanoparticles (ZnONPs) are used as
fertilisers sprayed on leaves and the task is to
detect if leaves digest ZnO to Zn?*. The task of
this work is modeling and simulating of
microarray electrodes for electrochemical
detection of Zn(ll) ions in beetroot leaves. A
combination of classical diffusion models and
Physics-Informed Neural Networks (PINNs) [2] is
employed to simulate electrode array geometry
related ionic transport processes to enhance
detection sensitivity. Fick's second law serves as
the foundational model for diffusion, while PINNs
integrate physical laws directly into deep
learning models for higher predictive accuracy in
complex electrochemical systems [3].

The finite-difference method [4] was applied
to simulate the chronoamperometric response of
microarray electrodes starting with a single
microdisk electrode. MATLAB and COMSOL
software were used for validation against
theoretical and experimental data, as shown in
Figure 1 the electrolyte species concentration
across the microdisk electrode geometry. This
simulation investigated both thin-layer and
microdisk electrode configurations, optimizing
parameters such as diffusion coefficients,
electrode spacing, and concentration gradients.
PINNs, which combine data-driven approaches
with  physical principles, are particularly
beneficial for modelling when experimental data
are sparse or noisy.

The diffusion of Zn(ll) ions was modelled in
beetroot leaves, where nanoparticles tend to
accumulate along the leaf edges due to physical
and chemical factors. The study also compares
uniform grid and hexagonal microarray
electrode designs, optimizing electrode
placement for uniform electric field distribution
and improved detection sensitivity. Combining
PINNs with classical models provides a robust
framework for advancing the electrochemical
detection of Zn(ll) and other ions in biological
systems.

Figure 1 shows the COMSOL finite element
simulation for the microdisk electrode.

Study region (due to symmetry)

E_appl(81)=0.4 V

%107
m

Species cFinal: Surface: Concentration (mol/m?)

9

8

7

-2 0 2 4 6 8 10 X107 m
Fig. 1 Simulation of the microdisk electrode using
COMSOL
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Electroactive microorganisms possess the
remarkable ability to exchange electrons with
electrodes, thereby integrating their metabolism
with electrochemical systems'. This fundamental
mechanism, known as extracellular electron
transfer (EET), underpins the exciting potential of
microbial electrochemical technologies (MET)Z2.
These technologies have garnered significant
attention over the past two decades due to their
diverse applications and potential for sustainable
energy and environmental solutions.

Among the various applications of MET,
microbial fuel cells (MFCs) represent their arche-
type converting organic matter in wastewater into
electrical energy?®. In this process, electroactive
microorganisms oxidize organic materials,
transferring the released electrons to anodes. This
not only results in wastewater treatment but also
generates electrical energy, highlighting the dual
benefits of MFCs. Beyond wastewater treatment,
MFCs have potential applications in remote power
generation, biosensing, and environmental
monitoring. However, optimizing the performance
of MET systems requires advances in reactor design
and electrode materials, necessitating a multidiscip-
linery approach that encompasses engineering,
microbiology, electrochemistry, and biochemistry.

Fixed bed electrode reactors are a promising
configuration within the MET field*, known for
their dense packing of graphite granules which
are cheap, biocompatible, and offer high
electrode surface-to-reactor volume ratio®. These
reactors have demonstrated significant potential
in various applications such as the removal of
nitrate, sulfate, and other contaminants from
groundwater and wastewater®. Despite offering a
low-cost, robust, and sustainable solution, such
reactors face challenges like activity stratification,
which causes dead volumes and electroche-
mically inactive zones, limiting their efficiency’.
To address these challenges, this study aimed to
explore the bioelectrochemical interactions
between individual graphite granule (GG)
electrodes and the electroactive model organism
Geobacter sulfurreducens, forming biofilms of up
to 100 um thickness at electrodes.

The main method used in this study was cyclic
voltammetry (CV), as this is a well-established
method for analyzing the electron transfer and
mass transfer at electrodes. For electroactive

biofilms, three mass transfer processes are
relevant and can potentially limit its activity:
transport of the substrate, transport of the
counter ion out of the biofilm and the electron
transport within the biofilm. Therefore, biofilms of
four different thicknesses were cultivated at GG,
which were categorized by the produced charge.

To examine in detail the mass transfer of the
substrate (acetate) and the counterions (Na+, K+,
H+), two experimental media conditions were
used i) 10 % substrate concentration and ii) 10 %
buffer strength. In addition to turnover CV (i.e,, in
the presence of substrate) and non-turnover CV
(i.e., in the absence of substrate) were performed,
allowing the application of the Randles-Sevé&ik
equation to obtain diffusion coefficient. For
verifying the obtained results, similar experiments
were performed with ideal electrodes: i) graphite
plates and ii) metal spheres.

Understanding the mass transfer at GG an its
limitations will support measures to improve the
design and performance of fixed bed electrode
reactors.
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Personalized medicine holds promise not only
for treating rare diseases but also for improving
outcomes in broader patient populations.
Achieving its full potential requires the
development of new drug delivery systems and
advanced analytical methods.

Researchers are exploring natural-origin
compounds, such as essential oils, which possess
diverse biological properties, including
antimicrobial, anti-inflammatory, and antioxidant
effects. Essential oils, which are hydrophobic and
fat-soluble, can cross the blood-brain barrier and
penetrate the skin, making them valuable in drug
delivery systems either as carriers or therapeutic
agents. Studies have demonstrated that
incorporating essential oils into drug delivery
systems can enhance the efficiency of drug
transport or amplify therapeutic effects. Thus,
this research focuses on designing a polymer-
based drug delivery system, evaluated using
electrochemical techniques. The research
material is geraniol - an acyclic monoterpene
with antioxidant, antibacterial, and anti-
inflammatory properties. Geraniol, present in
essential oils like ginger, thyme, and geranium,
has shown promise in various drug delivery
applications, such as improving drug efficacy
against Candida Albicans [1], enhancing
neuroprotection in ischemia/reperfusion injury
[2], treating osteoarthritis [3], and combating
liver cancer [4].

Electrochemical studies play an important
role in evaluating and optimizing drug delivery
systems, providing insight into how essential oils,
like geraniol, can enhance the efficiency and
effectiveness of drug delivery using
electrochemistry. This research focuses on
exploring the potential of essential oils in
innovative drug delivery technologies for
improved therapeutic outcomes. Methods such
as cyclic voltammetry, electrochemical
impedance spectroscopy, and quartz-crystal
microbalance are used to deliver valuable results.

The findings from this research pave the way for
the development of advanced drug delivery
systems with enhanced efficiency. These
systems can be tailored for the delivery of a
variety of drugs, depending on specific
therapeutic needs. Geraniol, in particular, shows
promise as both a carrier matrix for controlled
drug release and as an active compound with
significant biological effects. Additionally, an
electrochemical sensor could be designed to
detect specific essential oil molecules,
addressing the critical issue of falsified oils. Such
a sensor would be highly valuable for consumers
and laboratories, providing a reliable tool for
routine analysis of essential oil purity, including
the detection of geraniol in mixtures.
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Molecularly imprinted polymers (MIP) are
synthetic receptors with tailor-made binding
sites for a specific target. The stepwise MIP
fabrication process includes (1) the selection of
optimal pre-polymerisation reagents, (2)
polymerisation, (3) extraction of template
(target) molecules from the polymer film, and (4)
target molecules rebinding on the MIP. As a
result, a functional polymer film comprising
complementary binding sites is created enabling
MIPs to detect the target selectively [1].

However, the choice of reagents and methods
dramatically impacts the MIP performance.
Therefore, the MIP preparation process requires
exhaustive trial-error experiments, which are
time-consuming, expensive and might be
environmentally harmful. Computational
methods pave the way for minimising the need
for experiments. They provide smarter design of
MIPs, which leads to better experiment results
[2]. The atomistic level of simulations along with
qguantum mechanical calculations are widely
used for the MIP design.

Molecular mechanics and density functional
theory (DFT) calculations were applied to design
the MIP for salicylic acid detection in this study.
The selection of the best functional monomer
was done. Then, the optimal molar ratio of
monomer to template was calculated. The
candidate solvents were assessed and the study
of MIP interactions with the target was
evaluated. This modelling provided an optimised
pre-polymerisation mixture. Hence, this
information is used to design a more advanced
MIP  with lower expenses and better
performance.
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Molekuliy jspaudais modifikuoti polimerai (MIP)
yra inovatyvi medziagy klasé, gebanti atpazinti
tikslines molekules pagal "rakto ir spynos”
principa, kai atpazinimo vietos yra
suformuojamos naudojant jspaudziamas
Sablonines molekules [1]. Siame pranesime
démesys skiriamas | MIP formavimag elektrai
laidaus polimero pagrindu. Elektrocheminio
jutiklio formavimui naudojami keli elektrai laids
polimerai tarp kuriy yra ir polipirolas, kuris
elektrochemiskai polimerizuojamas ant darbinio
elektrodo. Tyrime vertinami tokie veiksniai kaip
polimero pavirSiaus morfologija ir sluoksnio
storio jtaka jo stabilumui ant elektrodo [2].
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Pavirsiaus sustiprinta Ramano spektroskopija
SERS - \virpesinés spektoskopijos metodas
skirtas jautriai, nedestruktyviai ir selektyviai
aptikti mazos koncentracijos analités molekule,
pvz.: biologines molekules, organinius dazus,
pesticidus. Metode, kaip SERS substratai,
naudojamos metalinés aukso Au ir/ar sidabro
Ag nanostruktdros  savo plazmoninémis
savybémis sustiprina Ramano sklaidg elektro-
magnetiniu (EM) ir/arba cheminiu stiprinimui.
Siekiant praplésti SERS metodo galimybes
bandomos pritaikyti jvairios nanodaleliy (ND)
formos (sferinés, prizmés, kubinés, strypeliai,
lazdelés), kiti metalai (Cu, Pt, Fe, Co) bei
skirtingy metaly vienoje struktdroje derinimas
(branduolio-apvalkalo, hibridinés ND).

SERS tyrimams buvo susintetintos Au@Ag
aukso branduolio ir sidabro apvalkalo
nanodalelés. Keiciant sidabro druskos koncen-
tracija sintezéje, iSgautas skirtingo storio
sidabro sluoksnis. Au@Ag NP stiprinimas buvo
iSbandytas su 4-merkaptobenzoininés rlgsties
(MBA) molekule bei gali bati pritaikomos
adenino molekulés detekcijai.

)
|

Au

50 nm

1 pav. AU@Ag branduolio—apvalkalo hahodélelés
TEM vaizdas.

SERS placiai istirtas naudojant matomujy -
artimoji infraraudonuyjy spinduliy suzadinimo
bangy ilgiy diapazone. Taciau daug svarbiy
organiniy molekuliy kaip baltymai, nukleobazés
ir aromatinés amino ragstys pasizymi stipria
elektronine sugertimi ultravioletiniame (UV)
bangy diapazone. [1] Dél Siy priezasciy didéja
susidomeéjimas ultravioletine pavirsiaus
sustiprinta Ramano spektroskopija UV-SERS.
Kai naudojamos suzadinimo bangos ilgis
trumpesnis nei 400 nm, Au ir Ag praranda savo
plazmonines savybes ir plazmoninis stiprinimo
efektas nevyksta, tad UV-SERS tyrimams
naudojami pereinamieji metalai, kaip platina Pt,
paladis Pd, aliuminis Al. Taip pat buvo
pastebétas UV-SERS stiprinimas naudojant ir
vario nanodaleles. [2,3]

UV-SERS tyrimams mikrobangy reaktoriuje
buvo susintetintos Cu nanostruktdros.
Stiprinimas buvo iSbandytas naudojant adenino
molekule, kai naudotas suzadinimo bangos ilgis
325 nm.
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Magnetiniy daleliy sintezé sulaukia vis didesnio
mokslininky démesio dél jy turimy savybiy ir
pritaikomumo, pradedant nuo MRT kontrastiniy
medziagy, vaisto neSiklio sistemy, magnetiniy
separatoriy, magnetinés hipertermijos medziagy
iki aplinkos, katalizés ir biologiniy jutikliy sriciy.

Sios nanodalelés, pavyzdziui magnetitas,
padengtos plazmoniniu, aukso ar sidabro,
sluoksniu, gali b0ti naudojamos pavirsiaus

sustiprintoje Ramano spektroskopijoje. Magnetito
dalelés yra tinkamos dél savo stabilumo, biologinio
suderinamumo, magnetiSkumo savybiy,
nesudétingos sintezés ir mazy finansiniy resursy
[1]. Sidabro nanodalelés (AgNP) pasizymi
antimikrobinémis ir prieSvézinémis savybémis ir
yra naudojamos skatinti zaizdy, kauly gijima, kaip
vakcinos pagalbiné medziaga, antidiabetinis
agentas ir biojutikliuose [2]. Taip pat buvo jrodyta,
kad AgNP yra labai gerai pritaikomos katalizéje,
fotokatalizéje ir jvairiuose plazmoniniuose
jrenginiuose, pavyzdziui, jutikliuose, kurie
naudojami pavirsiaus sustiprinto Ramano sklaidos
efektui gauti[3].

Siame darbe pristatome magnetito nanodaleles,
susintetintas mikrobangy reaktoriuje ir dekoruotas
skirtingy formy ir dydziy sidabro nanodalémis,
kurios buvo susintetintos skirtingais sinteziy
metodais: Slapioji cheminé sintezé vandeninéje ar
organinéje terpéje, sintezé mikrobangy technika
naudojant dviejy pakopy temperattros technika.
Susintetintos ir / arba dekoruotos nanodalelés
buvo tiriamos rentgeno spektroskopija,
skenuojamaja elektronine mikroskopija,
transmisine elektrony mikroskopija, ultravioletine
ir regimaja spektroskopija bei pritaikytos
pavirsiaus sustiprintoje Ramano spektroskopijoje.

The synthesis of magnetic particles triggers the
interest of many scientists due to their relevant
properties and wide range of applications in
starting from MRI contrast agents, drug delivery
systems, magnetic separators and hyperthermia
agents and begging to the environmental,
catalysis and biosensing fields. These
nanoparticles capped with a plasmonic silver or
gold layer could also be applied in surface-
enhanced Raman spectroscopy due to signal
enhancement for two reasons: the concentration
of the sample using magnet and surface plasmons.
Magnetite particles are suitable for such
applications due to their stability, biocompatibility,
simple synthesis, low price, and great magnetic
response [1].

Silver nanoparticles (AgNP) have antimicrobial
and anticancer properties and are applied in the
promotion of wound repair and bone healing, or
as the vaccine adjuvant, anti-diabetic agent, and
biosensors [2]. ANP have been proven to be very
good candidates for applications in catalysis,
photocatalysis and various plasmonics devices, for
example in sensors utilizing surface-enhanced
Raman scattering effect [3].

In this work, we present the magnetite
nanoparticles, obtained via microwave assisted
synthesis route and decorated by different shape
and size silver nanoparticles which was
synthesized using different synthesis methods:
wet chemical synthesis in an agueous or organic
medium, synthesis by microwave through the
two-step temperature technique. Obtained
nanoparticles were investigated using X-Ray
spectroscopy, scanning electron microscopy,
transmission electron microscopy, ultraviolet-
visible spectroscopy, and applied for surface-
enhanced Raman spectroscopy.
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Heavy metal contamination has become a
significant environmental and health problem
caused by urbanization and industrialization.
Among these heavy metals, cadmium is one of
the particularly problematic due to its
widespread use in various industries. The waste
produced after its usage can contaminate water
systems with cadmium ions, which pose a threat
to both the environment and human health.
Therefore, developing methods to accurately
detect cadmium ions in agueous solutions is
crucial for public safety. One type of material
that has garnered significant attention in the field
of heavy metal ion sensing is MXenes [1,2]. Due
to their advantages over other materials, we
have chosen them for designing electrochemical
sensor for cadmium ion detection.

The modification of the glassy carbon
electrode (GCE) surface with a MXene-Nafion
mixture was performed using the drop-casting
method. Differential pulse voltammetry (DPV) was
used to analyze the sensor’s performance, focusing
on factors such as sensitivity, limit of detection
(LOD), and selectivity. All measurements were
conducted in acetic buffer at pH 3.5 to 5.5. For
stability testing, electrodes were prepared
simultaneously and tested after varying periods
of time have passed (up to 4 weeks).

The proposed mechanism for cadmium
determination involves the reversible conversion
between cadmium ions and cadmium oxide
(CdO). The sensor demonstrated exceptional
selectivity in the presence of various heavy metal
ions. However, it also demonstrated its capability
of detecting lead near cadmium signal. The
sensing process was influenced by pH: the best
sensitivity values with narrower and lower linear
ranges were achieved in acidic environments. At
pH 4.0, low LOD value of 0.45 uM and high
sensitivity of 1523 pA/(uM - cm?) were
determined in the linear range of 0.5 uM - 2 uM
(Fig. 1,2). Stability testing yielded consistent
results for one week, followed by a gradual signal
decline from the second week onward. This
decline is primarily attributed to the oxidation of
MXenes on the electrode surface.

In conclusion, the proposed sensor achieved
relatively high sensitivity, low LOD, and
exceptional selectivity in the presence of most

heavy metal ions. This work demonstrates an
accurate and rapid method for detecting
cadmium ions and lays the groundwork for
future developments in this field.
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Fig. 1. Sensor’s DPV signal after baseline subtraction
at different cadmium concentration.
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Fig. 2. Concentration curve of cadmium ion sensing
(n=3) at pH 4.0.
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For the metallic radioactive waste (MRW) non-
destructive characterization, the methodology based
on gamma-ray spectrum analysis was developed by
analyzing Compton-to-peak ratio to find out the
photon attenuation due to absorption and scattering
processes and interactions with matter in different
geometry laboratory-made samples. This method
allows separation of surface and volume contami-
nation in metallic waste samples, which could latter on
be applied for management, sorting and, if possible,
deactivation of MRW.

Depending on the spectroscopy related problem
to be solved the Compton-to-peak (or Peak-to-
Compton) ratio is used in different studies, for
instance: to improve determination of specific
radionuclides from spectra applying Compton
suppression technique [1], to improve determination
of inventory of bituminized radioactive waste drums
[2], to use for safeguards applications [3], etc.

In our study we combine theoretical MCNP6
modeling and experimental gamma spectra analysis to
obtain the optimized parametres for source to material
characterization by using different Compton
scattering energy regions and full absorption peak
ratios. Modeling of the different laboratory -made
samples cases with two different detectors namely
HPGe and CeBrz; was performed by changing the
radioactive source position, distance from the detector
and shielding material thickness. Modeling have
revealed which Compton energy region provides best
information on the location of the radioactive nuclide
in the metallic waste sample: is it distributed in the
volume or at the surface of the metal, how to
distinguish between homogeneous or heterogenous
volumetric, point or planar contamination.

Two regions of interest (ROI): Compton
backscatter and Compton edge have been investi-
gated for two radionuclides ¥’Cs (661.6 keV peak)
and #9Co (1173.2 keV peak):

Compton — to — Peak Ratio =

ROI of Compton (1)
ROI of Peak ’

where ROIl-region of interest.

The Compton backscattering region of the ¥’Cs
(661.6 keV) in the spectra obtained with the HPGe
detector is around 180-195 keV, while the spectra
obtained with the CeBr; detector have a much wider
backscattering region (150-250 keV). The Compton
edge region covers the energy range from the
Compton maximum to the Compton edge, which

occurs at an energy of 477 keV for ¥7Cs and 960 keV
for 80Co. These energy regions remain the same
under different conditions for the same detector,
such as different shielding thicknesses and different
source geometries (point, volume, planar).

The method has been experimentally validated
using known radioactive sources (point source ¥’Cs
A= 60.4+2.0 kBg and point sources of ¢°Co A=
1209170 kBq) for chosen measurement geometry
and different shielding to mimic real metallic
radioactive waste. Numerical simulations using
MCNP6 were in good agreement comparing
experimental data (Fig.1).
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Fig. 1. Comparison of experimental and simulation of
Compton (backscatter)-to-peak ratio for 6°Co and ¥7Cs
point sources using different shielding thickness acquired
by the HPGe detector.

The results have shown that using Compton
backscatter-to-peak ratio and peak intensity one
can obtain better characterization of metal shielded
source (up to the 6 cm) comparing with Compton
edge-to peak ratio (up to 4 cm) for HPGe detector,
and similarly for CeBrs detector: metal shielded
source can be detected (up to the 5 cm) comparing
with Compton edge-to peak ratio (up to 4 cm).

The proposed anlalysis method can help to detemine
unknown 137Cs and 60Co sources distribution in the
radioactive metal waste.

This research was partly funded by the 2020-2024
Euratom Research and Training Programme under
grant agreement No 945098.
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Flexible, durable and inexpensive synthetically
produced materials, known as plastics, are made
from polymers. Properties such as plasticity and
their light weight make these plastics desirable
for excessive use in all walks of life [1]. The wide
use of these plastics also leads to improper
disposal and uncontrolled degradation in the
environment, resulting in fragmentation into
smaller plastics as small as 100 nm in size nano-
plastics (NPs), leading to white pollution The
presence of these plastic particles in water, air
and soil has already been demonstrated in
various studies [2]. Due to their small size (i.e. up
to 100 nm) and the availability of many
functional groups, these plastic particles can
accumulate various heavy metals (such as lead,
mercury, arsenic) and harmful pollutants, leading
to water pollution. The harmful effects of NPs on
nearby organisms and their occurrence in the
aquatic environment have raised public health
and environmental concerns worldwide.

In order to remove these nano-plastics,
various methods such as magnetic separation,
coagulation, adsorption and photolysis etc. have
been used in recent years. Various adsorbents
such as activated carbon, clay minerals, MOFs,
silica, cellulose and chitosan-based composites,
biochar, zeolites and graphene oxide composites
have been used for the adsorption of nano-
plastics [3]. Graphene oxide, which has many
functional groups and large hydrophilicity, is a
good catalyst and adsorbent, while chitosan, a
deacetylated chitin, has many amino groups for
adsorption [4]. Cellulose with available hydroxyl
groups shows good adsorption ability. Various
new research projects are currently looking at
the differences in the properties of chemically
pure plastic particles and real-life plastics.

This study deals with the preparation of
chitosan-graphene oxide, magnetic chitosan-
graphene oxide and cellulose-graphene oxide
nanocomposites. For the preparation of these
adsorbents, graphene oxide was synthesized
using the modified Hummer‘'s method and then
crosslinked with a cellulose solution, a non-
magnetic chitosan solution and a magnetic
chitosan solution using glutaraldehyde as a
crosslinking agent. For the preparation of

polyethylene terephthalate nano- and
microplastics (PET-NMPs), discarded mineral
water bottles were mechanically crushed and
then ground using the Pulverisette 6 ball mill
(FRITSCH, Germany) and settling techniques
were applied. PET nanoplastics were also
prepared by nanoprecipitation. For this purpose,
PET plastics were dissolved in TCA and then
50 ml of this plastic solution was mixed with a
5 % PVA solution in a fume hood for 2 hours with
constant stirring to allow nanoprecipitation and
stabilize the nanoplastics. The resulting solution
was then sonicated for 10 minutes to reduce the
size of the nanoplastics and centrifuged at
4000 rpm to separate the nanoplastics. The
technique of nanoprecipitation was also used to
produce nano- and microplastics from food
packaging polystyrene. The resulting composites
and nano- and microplastics were characterized
using XRD, FTIR and SEM techniques. The
obtained composites were pre-tested for the
adsorption of prepared nano- and microplastics
samples and will be used in further studies of
adsorption experiments.
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Tire and road wear particles (TRWPs) are major
non.exhaust pollutants from vehicles, posing
serious environmental and health risks [1]. Each
year, approximately 6.1 million tons of TRWPs are
released into the environment, with concentra-
tions reaching up to 2.6 kg per person in Europe
[2]. Due to their widespread dispersion and
inhalation potential, these particles can lead to
significant  health problems. This study
investigates how various green infrastructure
components, such as vegetation and barriers,
can effectively capture and reduce TRWPs. By
assessing their efficiency, the research aims to
provide insights for urban planning to mitigate
microplastic pollution and improve public health
in urban environments.

In Kaunas City (54°5100.7"N 24°01'46.5"E),
Lithuania, a hedge of Thuja occidentalis (0.6 m
width, 1.5 m height, 19 m length) was employed
to simulate green space (Fig. 1). Over 24 hours,
airborne microplastics (MPs) were sampled
using Petri dishes with glass fiber filters placed
at distances of -1 m (adjacent to the street), O m
(within the hedge), +1 m, and +2 m from the
hedge. Samples were collected monthly from
June to October 2023. The microscopic analysis
assessed MPs’ abundance, morphology, and
color, while chemical composition was
determined with a LUMOS Il spectroscope.

The results show that MP levels vary from 2.8
to 0.25 MP/cm)| depending on proximity to
streets. Fragments and black-colored particles
dominate the samples, accounting for 90-100%
of the total. Most microplastics detected during
the sampling were smaller than 100 microns.
Modeling data for the real-world scenario
revealed a minimal reduction in microplastic
pollution, primarily limited to the area
immediately behind the hedge, as most particles
were able to pass over it. The MPs were
predominantly composed of polypropylene and
polyurethane (40.9%), materials commonly
found in vehicle tires.

The MPPD model results indicate that
polypropylene, polyethylene, polyurethane, and
particulate organic matter (POM) predominantly
deposit in the upper respiratory tract (URT), with
deposition percentages of 93%, 94%, 96%, and
96%, respectively. The tracheobronchial (TB)
region exhibits lower deposition rates, ranging
from 3% to 5%, while the alveolar (Al) region
shows the least deposition at 1% to 2%. These
findings highlight the tendency of these particles
to accumulate primarily in the URT and TB
regions.
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Fig. 1. Study area map in Kaunas city, Lithuania, to
understand transport-related pollution dynamics.
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Sonata Pleskyté, dr. leva Uoginté, dr. Steigvilé ByCenkiené

Center for Physical Sciences and Technology, Department of Environmental Research
Saulétekio av. 3, LT-10257 Vilnius, email: sonata.pleskyte@ftmc.It

Microplastics, which are less than 5 mm in size,
are widely recognized as a common micro-
pollutant in various ecosystems. The existing
methods for plastic waste management do not
affect the reduction of plastics and most likely
even increase the formation and presence of
microplastics in the environment [1]. Therefore,
there is an urgent need for new pathways and
innovative materials that could be perceived as
effective and less hazardous for the
environment.

Photocatalytic degradation is considered one
of the most promising techniques for micro-
plastic removal, as it can be carried out under
milder conditions, compared to chemical or
biological degradation. One of the most widely
used photocatalysts is TiO, due to its excellent
photoactivity, chemical stability, and low-cost
[2]. To improve the properties of TiO,, these
particles are often modified with other metal
oxides, noble metals, organic polymers, and
natural or bio-based materials. However, little is
known about the use of TiO, nanocomposites
with clay minerals for the photocatalytic
degradation of microplastics.

In this study, we examined an application of TiO,-
based photocatalysts, including TiO, NPs, TiO,-
kaolinite, and TiOz-montmorillonite for the
photocatalytic degradation of LDPE (300 um).
The synthesized nanomaterials were charac-
terized by XRD, TEM, and UV-VIS methods. The
photocatalytic test was carried out in a closed
reaction chamber at a wavelength of 365 nm. To
better understand the interaction between LDPE
and TiOz-based nanomaterials in aqueous
solution, we investigated the influence of four
variable parameters: reaction time, materials
ratio, pH value, and ionic strength. The highest
mass loss of LDPE was observed after 480
minutes, in an acidic medium with a mass loss of
30%. The analysis of the different conditions of
the photocatalytic degradation reaction showed
the importance of reaction optimization to
achieve a higher degradation efficiency with less
harsh treatment.

Overall, these results emphasize the potential
of TiOz-based nanocomposites with clay
minerals moving towards efficient, low-cost, and
more environmentally friendly techniques to
reduce microplastic pollution.
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While there are significant advancements in
characterizing aerosols over land at systematic
long-term measurements and various continental
and global network stations, there is still a need for
further exploration of their chemical properties in
marine regions. Aerosol particle chemical
composition and mass concentrations undergo
significant changes due to long-range air mass
transport. In addition, the role of sea and oceans
for aerosol chemical composition remains poorly
understood. While previous studies have explored
shipping-related aerosol properties [1] or aerosol
size distributions during connected flow events
across the Baltic Sea [2], few studies have
comprehensively investigated the impact of PM;
(particulate matter with a diameter smaller than 1
um) removal over the sea, leaving a gap in our
understanding of aerosol dynamics.

We have examined 4 months of data
(December 2017 to March 2018) of PM; chemical
composition in  two observation stations:
Hyltemossa (Sweden), set in a rural environment,
and Preila (Lithuania), situated in a marine
environment. Simultaneous measurements of
aerosol chemical composition (organic matter,
nitrate, ammonium, chloride, sulphate) were
performed with Time-of-Flight Aerosol Chemical
Speciation Monitor (ToF-ACSM, Aerodyne
Research, Inc) in Hyltemossa and Q-ACSM in
Preila. Equivalent black carbon (eBC) mass
concentrations were measured using Aethalo-
meters AE33 and AE31 (Magee Scientific) in
Hyltemossa and Preila, respectively. The study
investigated the impact of the sea on submicron
particle composition during 14 long-range air mass
transport events (in total 100 hourly trajectories)
between Hyltemossa and Preila (Figure 1). The
backward air mass transport trajectories were
modelled using the Hybrid Single-Particle
Lagrangian Integrated Trajectory (HYSPLIT)
model with the Global Data Assimilation System
(GDAS) meteorological databases at the NOAA
Air Resources Laboratory’s web server.

During the campaign, Hyltemossa consistently
showed a lower PM; concentration (6.3 mg/m?3)
compared to Preila (11.2 mg/m3). However, during
the observed events, Preila experienced cleaner
air masses with PM; levels lower than those
observed in Hyltemossa. The observed decrease
of 40% in PM; concentration across the two sites

suggests that the aerosol mass is removed during
the long-range transport over the Baltic Sea. The
highest relative change per event hour was
observed for sulphate (-4.9%). The aerosol mass
removal per hour was stronger during the events
with precipitation (-7.2%). As anticipated, chloride
was the only component to consistently show an
increase (3.9%) after the long-range transport
over the sea.

Sweden

Fig. 1. Map over the southern Baltic Sea and the path of
one selected 48-hour backward air mass trajectory for
each of the investigated HP events.

The study, with two locations across the Baltic
Sea and overlapping measurements of a similar
nature, provides highly interesting material for
studies of atmospheric chemistry. The event
classification suggested in our study allows us to
assess the effects of sea, precipitation and land on
the PM; concentration and composition.

This work was supported by ACTRIS Sweden,
which is a National Research Infrastructure funded
jointly by the Swedish Research Council (Grant
2021-00177) and the six Swedish Research
Performing Organizations involved. Co-funded by
the Erasmus+ programme of the European Union
for student mobility.
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KCL SLENKSTINES KONCENTRACIJOS RIBY TYRIMAS
LAZERINEJE NANODALELIY GENERACIJOJE, SIEKIANT PAGERINTI
STABILUMA IR SERS STIPRINIMA

Vita Petrikaité, Evaldas Stankevicius

Fiziniy ir technologijos moksly centras, Lazeriniy technologijy skyrius
Savanoriy per. 231, LT-02300 Vilnius, el. p.: vita.petrikaite@ftmc.It

Aukso ir sidabro nanodalelés pasizymi placiomis
elektromagnetinés  sugerties juostomis ir
lokalizuotu pavirSiaus plazmony rezonansu, kuris
lemia jy optines savybes. Dél unikaliy savybiy [1]
jos naudojamos jutikliams, biologinéms
technologijoms, pavirSiaus sustiprintai Ramano
sklaidai (SERS) [2], katalizatoriams,
nanotechnologijoms, zZzenklinimui ir elektronikai.
Lazeriné abliacija jgavo pagreitj kaip Svarus ir
aplinkai nekenksmingas nanodaleliy gamybos
bldas, nereikalaujantis papildomo toksisky
medziagy valymo [3]. Taciau lazerinés abliacijos
metu sunkumy kelia nanodaleliy polikis |
agregacija, kuris riboja tolimesnj jy panaudojima.
Siekiant iSvengti daleliy agregacijos, naudojamos
pridétinés medziagos, kurios uzterSia Svary
gamybos metoda. Siame tyrime nagrinéjamas
biologiskai suderinamos medziagos - kalio
chlorido (KCI) - veiksmingumas siekiant iSvengti
daleliy agregacijos. Nors zinoma, kad druska
sukelia agregacijg [4], pastebéjome, kad tam
tikros KCI koncentracijos gali sulétinti §j procesa.
Tokios ribinés koncentracijos buvo
analizuojamos Siame darbe.

Sio tyrimo metu buvo stebimas aukso, sidabro
ir jy misinio nanodaleliy, susidariusiy skirtingos
koncentracijos KClI tirpaluose, agregacijos greitis
ir ekstinkcija 8 savaicCiy laikotarpiu. Aukso ir
sidabro nanodalelés buvo generuojamos s
tariniy taikiniy, panardinty j 20 ml skirtingos
koncentracijos KCI druskos tirpalus: O mM -
20 mM. Taikiniai buvo apdoroti fokusuotu
Nd:YAG lazeriu. Kas savaite buvo registruojami
gauty koloidiniy tirpaly ekstinkcijos spektrai ir
nuotraukos. Taip pat buvo analizuojama daleliy
morfologija, SERS signalo stiprumas ir zeta
potencialas. Mlsy rezultatai rodo, kad lazerio
abliacija vandenyje ir drusky tirpaluose sukuria
sferinés formos nanodaleles su neigiamu zeta
potencialu (nuo -16 mV iki -58,8 mV).

Palyginimas pateiktas 1 paveiksle. Adsorbuoti
chlorido jonai ant sidabro nanodaleliy pasireiské
zemo daznio SERS juosta ties 242 cm™. Geresnis
KCl koncentracijos poveikio tauriyjy metaly
nanodaleliy savybéms supratimas gali padéti
patobulinti generavimo procesus ir sukurti
nanodaleliy sistemas, pasizymincias didesniu
stabilumu ir SERS aktyvumu.

a)Au (H,0) b) Au (KCI)

100 nm 100 nm

1 pav. Aukso (a-b) ir sidabro (c-d) nanodaleliy TEM
vaizdai: (@) Au ND vandenyje; (b) Au ND KCI tirpale;
(c) Ag ND vandenyije; (d) Ag ND KClI tirpale.
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LAZERIU SUFORMUOTU NANODARINIUY
MORFOLOGINIS VALDYMAS PAVIRSIUMI SUSTIPRINTAI RAMANO
SPEKTROSKOPIJAI

Kernius Vilkevicius, llja Ignatjev, Evaldas Stankevicius
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Tiesioginis lazerinis rasymas yra perspektyvus
greito ir tikslaus mikroapdirbimo metodas.
Apdorojant plonas metalo dangas pavieniais itin
trumpais lazerio impulsais, dangos pavirSiuje
suformuojami metaliniai dariniai [1]. Dariniy
morfologija labai priklauso nuo impulso energijos
- didéjant energijai struktlros keiciasi nuo
sferinio iskilimo, vadinamo gumbeliu, iki pailgos
antenos [2]. ApSvitinus Sias metalines struktdras
spinduliuote, jose itin sustiprinamas lokalus
elektromagnetinis laukas, kuris gali bdaGti
iSnaudotas pavirSiaus sustiprintoje Ramano
spektroskopijoje (SERS). Dél Sio stiprinimo
zymiai padidinamas ant metalinio pavirsiaus
esanciy molekuliy neelastinés sklaidos signalas,
tad padidéja aptikimo jautrumas ir pageréja
minimali aptikimo riba. Signalo sustiprinimas
priklauso nuo struktdros morfologijos, kadangi
struktdros su astriais kampais ir taip vadinamais
,karstaisiais taskais”“ gerokai padidina signalo
intensyvuma [3].

Tyrimo metu buvo suformuotos nuo energijos
priklausancios periodinés auksinés struktlros ant
skirtingy aukso dangos storiy. Formavimui buvo
naudojami 343 nm bangos ilgio impulsai. Ant
suformuoty dariniy buvo nusodintas 4-
merkaptobenzoinés rlgsties (4-MBA) mono-
sluoksnis, kuris buvo naudojamas sustiprinto

Ramano signalo nustatymui. Matavimy metu
buvo tiriama tiek dariniy morfologijos, tiek
metalo storio jtaka SERS signalo stiprinimui.
Nustatyta, jog kei¢iant dariniy forma galima
tiksliai valdyti signalo stiprinima. Apdirbimui
naudojant didesnes impulsy energijas ir
suformuojant  antenos formos struktdras,
pasiekiamas didziausias signalo stiprinimas,
kadangi ties dariniy virsanémis susidaro ,karstieji
taskai“. KeiCiant aukso dangos storj, papildomai
galima kontroliuoti tokiy anteny morfologijg bei
dar labiau sustiprinti fiksuojamg Ramano signala.
Pastaryjy dariniy SERS signalo stiprinimo
faktorius siekia 10”7 eile, kuri gali bGti pakankama
pritaikyti  tiksliam molekuliy aptikimui ir
nustatymui mazomis koncentracijomis.

Finansavima skyré Lietuvos mokslo taryba,
sutarties Nr. S-MIP-23-32.

Literatdra

1. E. Stankevicius, K. Vilkevic¢ius, M. Gedyvilas, E.
Buzavaité-Verteliené, A. Selskis, Z. Balevicius, Adv.
Opt. Mater,, 9, 2100027, (2021).

2. D.Pavlov, S. Syubaev, A. Kuchmizhak, S. Gurbatov,
O. Vitrik, E. Modin, S. Kudryashov, X. Wang, S.
Juodkazis, M. Lapine, Appl. Surf. Sci., 469, 514-520,
(2019).

3. Z.Y.Li, Adv. Opt. Mater., 6, 17701097, (2018).




s,
N
TN
wos,
122
05,

FIZINIY IR
TECHNOLOGIJOS MOKSLY

"-"% CENTRAS

SKAIDRINANCIY DANGY FORMAVIMAS
ANT 3D MIKROOPTINY KOMPONENTY NAUDOJANT ATOMINIY
SLUOKSNIY NUSODINIMO TECHNOLOGIJA
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Tiesioginio lazerinio raSymo (LDW - angl. k. /aser
direct writing) metodas leidzia suformuoti
sudétingos formos mikrooptinius komponentus,
pavyzdziui, mikroobjektyvus, susidedancius is
keliais auksStais iSdéstyty mikroleSiy [1]. Tokios
daugiaaukstés struktlros dél didelio pavirsiy
skaiciaus pasizymi dideliais atspindziy
nuostoliais. Mikrooptikos atspindziy sumazinimui
ir pralaidumo padidinimui gali bGti naudojamos
skaidrinan¢ios (AR - angl. k. antireflective)
dangos. Taciau dazniausiai optiniy dangy
formavimui naudojami fiziniy gary nusodinimo
(PVD - angl. k. physical vapor deposition)
metodai yra neefektyvis nusodinant dangas ant
3D pagrindy. Atominiy sluoksniy nusodinimo
(ALD - angl. k. atomic layer deposition)
technologija yra preciziskas plony sluoksniy
formavimo metodas, leidziantis nusodinti dangas
ant sudétingos formos pagrindy [2]. Sios
technologijos principas yra atomo storio
sluoksnio suformavimas vieno ALD ciklo metu
vykstant pirmtaky reakcijoms su pavirSiumi.

Siame darbe buvo pademonstruotos ALD
technologijos galimybés formuojant plonus
sluoksnius ant daugiaauksciy mikrooptiniy
elementy. Optinés dangos buvo formuojamos
ant 3D mikrooptiniy komponenty naudojant
plazminj ALD metoda. Mikrooptika buvo
pagaminta naudojant LDW metoda i$ hibridinio
organinio-neorganinio polimero SZ2080™. AR
danga susidéjo i§ 23 nm storio titano oksido
sluoksnio ir 132 nm storio aliuminio oksido
sluoksnio. TiO2 ir Al;Oz plony sluoksniy
formavimui buvo naudojami tetrakisdimetil-

aminotitano ir trimetilaliuminio  pirmtakai,
atitinkamai. Oksidavimui buvo naudojama
deguonies plazma. Visos dangos buvo

nusodinamos 60°C temperatlroje. Mikrostruk-
tdry pavirSiaus morfologija buvo jvertinta
naudojant atominiy jégy mikroskopijg. Plony
sluoksniy jtaka mikroleSiy geometrijai buvo
nustatyta naudojant optine profilometrija.

Daugiaauksc¢iy komponenty pralaidumas buvo
iSmatuotas naudojant optine mikroskopija.

AR danga nusodinta naudojant ALD
technologija sumazino hibridinio polimero
S72080™ vieno pavirsiaus atspindj nuo 3.3% iki
0.1% 633 nm bangos ilgyje. Taip pat buvo
pastebéta, kad AR danga nepakeité mikrolesiy
geometrijos ir sumazino mikrostruktlry
pavirsiaus SiurkStumag nuo 3.4 nm iki 2.6 nm. Be
to, 1-ame paveiksle yra pateiktos daugiaauksciy
mikrostruktlry pralaidumo vertés pries ir po AR
dangos nusodinimo. AR danga padidino trijy
auksty mikrostruktlry pralaiduma nuo 80% iki
99%.

120 - -BeAR dangos||
I Su AR danga

99.6 99.8

Pralaidumas, %

Pavirsiy skaicius

1 pav. Skirtinga pavirsiy skaiciy turinciy mikrostruktdry
pralaidumas 633 nm bangos ilgyje.
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NONLINEAR HEAT DISTRIBUTION IN HIGH AVERAGE
POWER END-PUMPED Yb:YAG ACTIVE MEDIUM AMPLIFIERS
AND ITS EFFECT ON DEPOLARIZATION
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Lasers are already established tools for various applications
spanning industrial material processing, measurement and
metrology devices, instrumentation for scientific experi-
ments and many others. Many applications require ever
increasing pulse energy and average power of the laser
sources to either increase the speed of the process in which
the laser is applied or to create ultrahigh intensity radiation
that allows to perform novel scientific research.

Regardless of the optical setup geometry and gain
medium material, the output power of a solid-state laser
device is limited by the thermally induced stress in the
gain medium. Under high pump power, the non-uniform
material heating induces elastic stress in the gain
medium. The induced elastic stress causes the amplifier
to act as a birefringent material and distort the
polarization state of the signal that is passing through the
amplifier, which leads to losses.

Several methods are commonly used to compensate
the thermally induced depolarization losses in linear
amplifier and resonator setups. One of the most
straightforward approaches is to use 90° polarization
rotation either between two identical active elements or
between the first and the second pass through the same
active element. This can be achieved by using a Faraday
rotator or a quarter wave-plate in the amplifier optical
setup. However, both approaches are ineffective at high
signal and pump average powers. Faraday rotators are
susceptible to thermal lensing at high signal powers and

B integral accumulation at high signal pulse energy levels.

The insertion of the quarter wave plate does not fully
compensate the depolarization losses due to the fact
that this approach changes the relation between the
depolarized light level and dissipated heat in the amplifier
crystal. It was shown that this method is only effective at
relatively low dissipated heat levels [1]. Alternatively, a
uniaxial crystal can be used to compensate depolarization.
While this method has the advantage to be used in a single
pass geometry, the compensation is incomplete similarly
to the quarter wave plate method [1]. Also, an optical
setup not limited by the average output power has been
suggested, in which a parallel axicon was used as a
compensating element. Although the method has
numerous advantages, the major challenge is the
manufacture of a parallel axicon [1].

An ideal depolarization compensation method would
allow to mimic the phase shift introduced by the
thermally stressed active medium and thus completely
eliminate the depolarization losses. Therefore, a solution
to compensation problem requires an exact description
of phase distortion in the gain medium and an optical
element or an optical setup that allows precise
compensation of the introduced phase shifts. Recent
development in directly laser written optical components
allowed to craft such laser components. It was shown,
that under high intensity laser irradiation, the structure of

glass can be rearranged into a periodic self-organized
structure consisting of decomposed material planes and
exhibiting birefringence [2]. This discovery allowed to
manufacture various phase shifting elements including a
spatially variable wave plate (SVWP), which can be
characterized by varying retardance as a function of

wave plate radius.
Telescope \

SVWP
Telescope

\ 100 W

Fig. 1. Experimental setup of the Yb:YAG amplifier analyzed by
the model. QWP and HWP - quarter-wave and half-wave plates,
COL - beam collimator, ISO - optical isolator, POL - thin-film
polarizer, DM - dichroic mirror, SM - spherical mirror, HR - high
reflectivity mirror, SYWP - spatially variable wave plate, D -
beam dump.

Successful demonstrations of depolarization losses
compensation using spatially variable wave plates in high
average power end-pumped rod-type amplifiers have
been previously demonstrated by our group []. Although
substantial reduction of depolarization losses has been
achieved, the effect of this compensation method on the
output beam parameters, especially on the output beam
profile and quality, is important to study for routine
application of SVWPs in industrial grade lasers.

We report the results of theoretical simulation of a 10
mJ, 100 W average power end-pumped Yb:YAG amplifier
(fig. 1). The simulation resulted in good quantitative and
qualitative agreement with the experiment in terms of
depolarization losses, the output beam quality and the
features of the output beam. The results suggest a
strategy to improve depolarization losses compensation.
It is commonly assumed that the phase retardance profile
inside a thermally stressed gain medium is parabolic.
However, our simulations suggest that the retardance
profile can be described with a high order polynomial
function with better accuracy.
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SODA-LIME STIKLO APDIRBIMAS LAZERIU NUO
APATINES BANDINIO PUSES PASITELKIANT GHz PAPLIUPUY
REZIMA

Miglé Mackeviciuteé, Juozas Dudutis, Paulius Gecys
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Lazerinis papliupy (angl. burst) rezimas gali
pagerinti jvairiy medziagy apdirbima (stiklo [1],
polimery [2], metaly[3], puslaidininkiy [4]),
pluostg fokusuojant j virsutinj bandinio pavirsiy.
Taciau tiesioginés abliacijos efektyvumag riboja
plazmos bei apdirbimo produkty ekrana-
vimas [5]. Taip pat dél pluosto sklaidos nuo jau
iSabliuoty sieneliy, suformuojamos V formos
sienelés. Todél storesniy medziagy pjovimui
reikalingas platesnis pjavio plotis, prailginantis
proceso trukme.

Medziagas apdirbant nuo apatinés pusés,
galima iSvengti plazmos ir isabliuoty daleliy
ekranavimo bei suformuoti stacias sienelés.
Todél Si apdirbimo technologija leidzia pasiekti
aukstesnj pjovimo efektyvuma bei greitj. Taciau
Sis pjovimo bldas gali bati pritaikomas tik
skaidrioms naudojamai lazerio spinduliuotei
medziagoms. Todél lazerinis apdirbimas nuo
apatinés pusés dazniausiai taikomas stiklams.
Taciau vis dar triksta publikacijy tirianciy stiklo
apdirbima nuo apatinés pusés naudojant
papliupy rezima. Sio darbo tikslas - itirti 4.8 mm
storio soda-lime stiklo pjovima lazeriu nuo
apatinés bandinio pusés naudojant GHz papliupy
rezima.

Eksperimentas atliktas su Carbide CB3-40W
femtosekundiniu lazeriu (,Light Conversion®)
generuojanciu 2.5 GHz papliupas. Tyrime
naudotas 1030 nm lazerio bangos ilgis ir 5 -
20 ps impulso trukmés (charakterizuotos FWHM
intensyvumo aukstyje). Pluosto pozicija X, Y
asyse buvo valdoma galvanometriniu skeneriu
(excelliScan 14, Scanlab). Galvanoskenerio ir
100 mm zidinio nuotolio telecentrinio leSio
pozicijos Z asyje buvo valdomos su linijinio
poslinkio sistema (8MT165, Standa).

Pjovimo pradzioje pluostas buvo
sufokusuotas j apatinj bandinio pavirsSiy. Tuomet
atliekamas pluosto skenavimas XY plokstumoje
spiralés algoritmu kartu keiciant ir pluosto zidinio
pozicijg Z asyje. Kiekvienai papliupy energijos bei

impulso trukmeés kombinacijai, buvo ieskomi
optimalls atstumai tarp Suviy XY plokStumoje ir
pluosto pozicijos pokyciai Z asyje, norint pasiekti
didziausia pjovimo greit].

Tyrimas parodé, jog didesnis pjovimo
greitis pasiekiamas su auksStesne papliupy
energija. Didéjant papliupy energijai, optimalds
atstumai tarp Suviy ir impulsy trukmés taip pat
didéja. Papliupy rezimas leido pasiekti 4.2 mm/s
pjovimo greitj 4.8 mm storio soda-lime stikle.
Taip pat pademonstruoti 1T - 18.8 mm storio,
sudeétingy kontdry (pav. 1 ir iki 35 laipsniy
pasvirusiy objekty pjovimai.

1pav. ISpjauto elemento nuotrauka. Elemento
diametras 30 mm, storis - 4.8 mm.
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LYDYTO KVARCO ABLIACIJOS EFEKTYVUMO DIDINIMAS
NAUDOJANT PAPLIUPY REZIMA
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Savanoriy pr. 231, LT-02300, Vilnius, el. p.: laimis.zubauskas@ftmc.It

Siuolaikiniai ultratrumpy impulsy lazeriai yra
perspektyvus jrankis sparciam stikly apdirbimui
iSlaikant auksta gaminio kokybe.
Perspektyviausios lazerinés stikly apdirbimo
technologijos yra tradiciné tiesioginé abliacija
(nuo virSaus | apacig) bei apdirbimas nuo
apatinés pusés (nuo apacios | virsy). Sios
technologijos turi savy privalumy ir trakumuy.

Stikly apdirbimas nuo apatinés pusés
pasizymi didele proceso sparta, nes iSvengiama
lazerinés spinduliuotés ekranavimo plazma ar
sugeneruotais abliacijos produktais. Taip pat,
lazerio energija yra panaudojama ne garinimui o
trdkiy generavimui stikle ir medziagos
pasalinimui didesnémis dalelémis [1]. Visa tai
lemia, kad Si technologija leidzia formuoti
vertikalias pjavio sieneles, o proceso
efektyvumas siekia 7.8 mm3/min/W [2], tai yra
apie 10 karty efektyviau nei naudojant tiesiogine
abliacija. Kita vertus, gaunami didesni stiklo
apskeldéjimai, didesnis abliuotos vietos
SiurkStumas, o pati technologija netinka lazerine
spinduliuote sugeriantiems stiklams pjauti bei 3D
abliacijai, kai stiklg reikia apdirbti is abiejy pusiu.

PrieSingai, tiesioginé abliacija yra
universalesné technologija leidzianti apdirbti
jvairias medziagas isSlaikant auksta abliacijos
kokybe. Taciau, pjlavio sienelés néra vertikalios -
kanalo profilis atitinka ,,V“ forma. Taip pat,
technologija pasizymi |éta apdirbimo sparta.

Naujausi tyrimai parodé, kad tiesioginés
abliacijos sparta bei efektyvumas gali bdaGti
padidinti naudojant GHz papliupy rezima [3].
Buvo pademonstruota, kad silikono abliacijg dar
labiau pavyko paspartinti naudojant GHz
papliupas MHz papliupose (naudojant dviguby
papliupy rezima) [4]. Taciau dar yra mazai
tyrimuy, kur Siais papliupy rezimais baty abliuotas
stiklas. Tuo labiau, dar néra aisku, kas lemia
spartesne ir efektyvesne stikly abliacija.

Todél eksperimenty metu buvo abliuojami 2x2
mm? dydzio ploteliai lydytame kvarce naudojant
jvairius papliupy rezimus. Tam buvo pasitelktas
femtosekundinis lazeris generuojantis 176 fs
trukmés ir 1030 nm bangos ilgio impulsus. Po
abliacijos buvo matuojami gauty ploteliy gyliai,

pavirsiy SiurkStumai S,, sieneliy polinkio kampai,
apskeldéjimas.  Atsizvelgiant | iSmatuotus
parametrus buvo jvertinami proceso sparta ir
efektyvumas. Efektyvumo priklausomybé nuo
naudojamo rezimo yra pavaizduota 1 paveiksle.
Gauti duomenys parodeé, kad papliupy rezimas
leido pakeisti stiklo pasalinimo mechanizma i$
stiklo garinimo | skaldyma. Procesas tapo
panasus | apdirbimg nuo apatinés stiklo pusés.
Papildomai, buvo pastebéta, kad spartos bei
efektyvumo padidéjimui jtakos turéjo lazerinés
spinduliuotés savifokusacija stikle.
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Pav. 1. Abliacijos efektyvumo priklausomybé nuo
naudojamo impulsy generavimo rezimo.
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LAZERIU ASISTUOTAS VARIO MIKROTAKELIU
NUSODINIMAS ANT DIELEKTRIKO PAVIRSIAUS

Modestas Sadauskas', Karolis Ratautas', Evaldas Kvietkauskas',
Viktorija Vrubliauskaité!, Gediminas Raciukaitis'
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Elektronikos pramoné nuolat ieSko budy, kaip
sukurti mazesnius ir funkcionalesnius jrenginius.
Vario mikrotakeliai galéty bati naudojami kaip
vieni i§ pagrindiniy sudedamuyjy daliy skaidriems
elektrodams, Sildymo pléveléms ar jvairiems
jutikliams (Pav.1). Mikrony dydzio elektrinés
grandinés suformuotos ant stiklo pavirsiaus yra
esminé dalis pazangiam elektronikos pakavimui/
sluoksniavimui ir integravimui. Mikrony ar net
submikrony dydzio takeliai suformuoti ant stiklo
pavirsSiaus galéty padaryti proverzj pakavimo
technologijose.

Viena iS perspektyviy technologijy, galinCiy
prisidéti prie Sio tikslo, yra selektyvus pavirSiaus
aktyvavimas lazerine spinduliuote arba SSAIL
(Selective Surface Activation Induced by Laser)
[1]. Sis procesas leidzia ant jvairiy dielektriniy
pavirsiy, pavyzdziui stiklo ar plastiko, formuoti
elektrai laidzius takelius. SSAIL procesg sudaro
trys pagrindiniai etapai: lazerinis pavirsiaus
modifikavimas impulsinio lazerio spinduliuote,
aktyvavimas specialiu tirpalu ir besrovis cheminis
vario nusodinimas. Sio proceso efektyvumas labai
priklauso nuo lazeriniy parametry pavirSiaus
apdirbimo metu: impulsy pasikartojimo daznis,
impulsy trukmeé, impulsy persiklojimo skenuojant
pluosty, impulso energijos, pluosto dydzio ar jo
poliarizacijos ant pavirSiaus.

; ﬁi?_,j%a__:_ e
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Pav. 1. Metalinis tinkliukas ant silikatinio stiklo
suformuotas naudojant SSAIL technologija.

Tokiy struktiry 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 j
mazdaug 4 mm 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, impulsy persiklojima,
impulso trukme ar poliarizacijg 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 struktdras - Pav. 2.

Pav. 2 Metalizuoti takeliai ant silikatinio stiklo bei PET
plastiko suformuoti naudojant SSAIL technogloija.
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SANJAKO EFEKTU PAGR|STAS OPTINIS IZOLIATORIUS
SKIRTAS PLATAUS SPEKTRO SVIESAI
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Dauguma Siandien naudojamy optiniy izoliatoriy
bei cirkuliatoriy veikia dél magneto-optinio
efektai, kuriuos panaudojant galima uztikrinti
neapgreziamg Sviesos perdavima. Ankstesniame
darbe misy grupé pademonstravo keturiy kanaly
cirkuliatoriy, kurio veikimas yra pagrjstas Sanjako
efektu [1]. Sanjako efektas yra patrauklus tuo, jog
néra susijes su konkreciy optiniy medziagy
panaudojimy, o atsiranda dél paties erdvélaikio
savybiy. Taigi jis yra fundamentaliai universalus ir
pasidlytas optinio izoliatoriaus principas gali bati
pritaikomas visam elektromagnetinés spinduliuotés
diapazonui, nuo radijo bangy iki rentgeno. Zidrint
dar placiau, Sanjako efektas pasireiskia su bet
kokiomis de Broglie bangomis, pvz. elektronais, o
taipogi akustinémis ar net gravitacinémis
bangomis. Taigi teoriskai pasidlyto prietaiso
pritaikymo  galimybés yra labai placios.
Ankstesniuose tyrimuose Sanjako interferometras
buvo sukonstruotas panaudojant poliarizacinj
pluosto daliklj. Tokia schema gerai veikia su siauro
spektro spinduliuote. Vis dél to nepavyko
pademonstruoti prietaiso veikimo su plataus
spektro nekoherentine &viesa. Siame darbe buvo
sukonstruota ir iStyrinéta optinio izoliatoriaus
pagrijsto Sanjako efektu schema su
nepoliarizuojanciu pluosto dalikliu (1 pav.).
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1 pav. Eksperimento schema.

Kaip Sviesos Saltinis buvo panaudotas
sustiprintos spontaninés emisijos diodas. Sanjako

interferometras buvo sudarytas is
nepoliarizuojanc¢io  pluosto  daliklio, keturiy
kolimatoriy bei poliarizacijg iSlaikancio

Sviesolaidzio (Fujikura PM980, Panda tipo), kurio
bendras ilgis - apie 4 metrai. Sviesolaidis buvo
suvyniotas | rite ir pritvirtintas prie besisukancio
aliumininio disko. Dvi ketvirCio bangos ilgio
ploksteliy poros buvo naudojamos tam, kad
perduoti tiesinés poliarizacijos Sviesg tarp
stacionarios ir besisukancios schemos daliy. Pro
interferometrg praéjusi Sviesa buvo praleidziama
pro poliarizacinj kubg PBS ir atspindima atgal |

interferometra veidrodzio M pagalba. Priklauso-
mai nuo poliarizacijos atgal grjztantj Sviesa buvo
nukreipiama arba | detektoriy PD1, arba |
detektoriy PD2. Eksperimento metu disko greitis
buvo keiCiamas jnesant fazés skirtuma dél Sanjako
efekto. Papildomai Sviesolaidzio Ly atkarpa buvo
Sildoma, kas jnesdavo papildoma fazés poslinkj dél
skaidulos létosios ir greitosios poliarizaciniy asiy
[Gzio rodikliy skirtumo. Kei¢iant kaitintuvo
temperatlrag prie skirtingy grei¢iy buvo
parenkamos sglygos, kad tiesiogine kryptimi
praéjusios Sviesos poliarizacija bdty visada
vienoda, o pralaidumas pro poliarizacinj kuba
maksimalus. Sviesos pralaidumas pro interfero-
metrg tiesiogine ir atgaline kryptimis yra
pavaizduotas 2 pav. Maksimalus pralaidumo
skirtumas atgaline kryptimi siekia 15 karty.

Forward and backward transmited power

® Pocky @ Pwd 01 == Cosix) = Linear
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REM

2 pav. ISmatuota Sviesos praéjusios pro interferometrg
galios priklausomybé nuo disko sukimosi greicio
(aps./min).

Taipogi buvo istirta priklausomybé nuo
interferometro optiniy keliy ilgiy skirtumo (3 pav.).
Didéjant interferometro Saky ilgio skirtumui
suprastéja pluosty interferencija, dél ko Sviesos
izoliacija irgi pablogéja, kas gerai sutampa su
teoriniais skai¢iavimais.
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ReikSminiai zodziai: neapgreziamas fazés poslin-
kis, Sanjako efektas, optinis izoliatorius.
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REACTIVE MAGNETRON SPUTTERING OF Sr.FeMoOg FILM
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SroFeMoOg (SFMO) due to its high degree of spin
polarisation and high Curie temperature is
promising material layer for room temperature
spintronic and plasmonic devices. Variations in
SFMO lattice and material composition greatly
impacts its magnetic properties and application
range of spintronic device. High-quality SFMO
film is difficult to obtain due to unavoidable
defects and nonstoichiometry related to oxides.

Using multitarget reactive magnetron
sputtering technology it is possible to achieve
high density and precise composition deposi-
tions of SFMO layers. Deposition parame-ters
such as oxygen pressure, deposition rate, and
target temperature can be varied to achieve
optimal film composition and reduce amount of
defects.

Aim of this work is to reach optimum SFMO
film composition using reactive magnetron
sputtering for further development of multilay-
ered magnetic film structure for spintronic
devices.

Film was deposited using industrial sputtering
system (LS730S, VON ARDENNE, Dresden,
Germany) on 150 mm diameter platinised silicon
wafer using high-purity Sr, Fe and Mo targets.
For precise control of partial oxygen pressure,
plasma emission monitor (PEM) was used.
Deposition parameters were adjusted and fine-
tuned after each deposited SFMO film
investigation. Deposited films were investigated
using Scanning Electron Microscope (SEM),
Energy Dispersive X-Ray Spectroscopy (EDX),
Scanning Electron Microscopy (SEM), X-ray
Diffraction (XRD), Atomic Force Microscope
(AFM) and sample reflectance in UV-IR range.

Deposited SFMO film thickness was measured
to be close to 440 nm, depending on adjusted
target deposition power. Achieved SFMO film
composition was close to optimal composition
and samples were provided for further
multilayered structure deposition to prototype
and develop spintronic sensor.

Keywords: SFMO, Reactive magnetron sputtering.

Acknowledgment. The authors acknowledge the
support of the work in frames of the European project
H2020-MSCA-RISE-2017 - SPINMULTIFILM.

Signal A= SE2 EHT= 500kv WD = 8.5 mm Mag = 2500 KX

Fig. 1. Scanning Electron Microscope (SEM) image of
deposited SFMO film, side view.

Fig. 2. Atomic Force Microscope (AFM) 3D topo-
graphy of deposited SFMO film.
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Population growth and the resulting demand for
energy and resources pose significant economic
and societal challenges. As the need for plant-
based oils increases, yet the available land
shrinks, a search for alternatives has never been
more dire.

Microbial oils, or single-cell oils (SCO),
produced by microorganisms such as yeast,
microalgae, fungi, and bacteria, present some of
the most viable alternatives. SCOs can replace
plant-based oils in various applications, including
biofuels, food additives, cosmetics, and oleoche-
micals [1].

Among these microorganisms, yeasts are
particularly noteworthy for their ability to
accumulate over 70% of their dry cell weight in
lipids. One of the novel techniques for
optimization of lipid extraction from yeast is
pulsed electric field (PEF) treatment. This
method involves applying short, intense electric
pulses, which enhances plasma membrane
permeability. This effect is called electroporation
or electropermeabilisation [2].

Experiments on Saitozyma podzolica yeasts
have shown that PEF treatment can achieve lipid
extraction vyields of up to 97% after solvent
extraction, a substantial improvement compared
to just 10% without pre-treatment [3].

Apart from plasma membrane, which is a
target organelle for lipid extraction, yeast cells
are surrounded by a rigid outer cell wall. It
provides structural integrity and protects against
external stressors, one of them being changes
osmotic pressure. In our earlier works we have
shown that PEF increases the permeability of cell
wall alongside plasma membrane [3].

Furthermore, osmotic changes in electroporated
yeasts environment greatly influence their
survival.

In this work we show that combining PEF
treatment with a subsequent 24-hour incubation
period in various osmotic environments signifi-
cantly affects lipid extraction yield. Specifically,
hypoosmotic environment enhances lipid
extraction. In the hipoosmotic environment yeast
cells likely shed or thin their cell walls, thereby
facilitating enhanced extraction. Conversely, the
yield is significantly lower in hyperosmotic
environment however the mechanism for this
effect is not yet known.

In the future, we will directly investigate the
mechanisms behind the changes in lipid
extraction vyields in combination with PEF
treatment.
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Microbial fuel cells (MFCs) have received
significant attention as a sustainable energy
solution addressing both environmental and
energy challenges. These bioelectrochemical
systems generate electricity by utilizing
electrical charges produced during the
anaerobic oxidation of organic matter, such as
environmental waste and renewable biomass [1].
MFCs use electrochemically active microorga-
nisms to oxidize organic substances and convert
them into electrical energy [2]. Additionally,
certain organic pollutants can act as electron
donors or acceptors, allowing for their removal
through microbial oxidation at the MFC anode or
electron acceptance at the cathode. Oxygen is
commonly used as an electron acceptor due to
its high oxidation potential and abundance,
though recent studies have focused on exploring
alternative electron acceptors to improve the
efficiency of MFC reactions [3]. With promising
ecological benefits and the potential for clean
energy generation, MFCs are emerging as an
attractive technology for sustainable waste
management and renewable energy production.

The symbiotic relationship between Ensifer
meliloti bacteria and legume plants plays a
crucial role in nitrogen fixation, initiated when
plants release betaines and flavonoids to attract
the bacteria to their root hairs. The bacteria
secrete nod factors, leading to the formation of
infection threads and the development of
bacteroids in root nodules. E. meliloti can fix
nitrogen only as an endosymbiotic bacteroid,
while leghemoglobin regulates oxygen levels to
ensure the functionality of the nitrogenase
enzyme [4].

This research aims to investigate the application
of E. meliloti in MFCs and explore the charge
transfer mechanisms between bacteria and
electrodes, enhanced by two redox mediators—
potassium ferricyanide and various types of
qguinone mediators
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SENSING MECHANICAL PROPERTIES BY AFM:
COMPARATIVE ANALYSIS OF POLYMER SAMPLES
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Saulétekio av. 3, LT-10257 Vilnius, Lithuania email: laisvidas.striska@ftmc.It

Atomic force microscopy (AFM) is a powerful
tool for measuring the mechanics of soft
materials [1]. Mechanical properties are
expressed as Young’s modulus, obtained by
fitting the contact mechanics model to force-
indentation dependencies. For soft surfaces, like
polymers and biological materials, the
dependency of cantilever displacement vs.
deflection is nonlinear when the tip is in contact
with the sample. Because of that cantilever force
and indentation become inaccurate, and models
applied to determine Young’s modulus cannot
extract useful information. Also, the contact area
increases with indentation. Therefore, it is
unclear what part of the results depends on the
geometry of the tip and what part on sample
properties. Also, most models are designed with
assumptions that the sample is homogeneous,
isotropic, linear elastic half-space experiencing
infinitesimally small strains. In contrast, biological
(and soft) materials can demonstrate opposite
behavior, such as inhomogeneity, anisotropy,
and nonlinearity [2]. Moreover, the indentation
size is several hundreds of nanometers, while the
thickness of the sample is several micrometers
and cannot be determined as infinitesimal [3].
The experimental problem is that sharp tips lead

to local strains that exceed the linear material
regime [4].

The comparison of AFM measurement results
with macroscopic techniques results could be a
reliable way to find appropriate experimental
conditions and mathematical processing of data.
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ATOMINIY JEGY MIKROSKOPIJOS METODIKOS LASTELIY
STRUKTURINIAMS IR VISKOELASTINIY SAVYBIU TYRIMAMS
BIOIMITACINESE APLINKOSE
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Lasteliy mechanobiologija yra tarpdisciplininé mokslo
sritis, kuri orientuojasi | tyrimus skirtus suprasti, kaip
mechaninés jégos veikia lasteliy elgsena, struktara ir
funkcijas. Lastelés aplinkos mechaninés savybés,
pavyzdziui, pavirSiaus standumas gali paskatinti
kamieniniy lgsteliy diferenciacija j chondrocitus arba
osteoblastus [1], kita vertus paciy chondrocity
viskoelastiniy savybiy silpnéjimas matomas artrito
pazeistoje kremzléje ir senéjimo metu [2].

Su vis didéjanciais lUkescCiais tyrinéti kosmosg ir
pasiekti gretimas saulés sistemos planetas yra svarbu
suprasti tokiy ekspedicijy rizikas. Vienas iS labiausiai
jauciamy efekty ekspedicijy metu yra mikrogravitacija
(nesvarumas), dél kurios dingsta apkrova kdnui.
Sumazéjus mechaninei apkrovai prasideda kauly
demineralizacija, atsiranda kremzlés pazeidimai,
raumeny atrofija, ir t.t [3] [4]. Tam, kad ateityje baty
galima iSvengti rimty sveikatos sutrikimy ilgose
kosmoso ekspedicijose svarbu suprasti, koks yra
mikrogravitacijos poveikio audiniams mechanizmas.

Atominés jégos mikroskopas (AJM) yra vienas i$
pagrindiniy jrankiy naudojamy mechaniniy savybiy
matavimams, gali iSmatuoti jvairius medziagy ar lgsteliy
mechaninius parametrus mikro ir nanoskaléje. Sios
doktorantliros metu, bendradarbiaujant su Europos
kosmoso agentlra, bus atliekami tyrimai susije su
chondrocity ir kremzlés modelio mechaniniy savybiy
analize  simuliuotos mikrogravitacijos salygomis.
Kadangi sgnario kremzlés struktlGra, mechaniniu
pozilriu, yra gan sudétinga, jos standumas makro
skaléje gali varijuoti tarp 0,1-2MPa, mikro skaléje 40 - 70
kPa [5], o paciy chondrocity standumas siekia vos kelis
kPa. Norint tiksliai jvertinti kremzlés mikromechaninius
parametrus pirmiausia buvo atlikti AJM matavimo
protokolo optimizavimo darbai naudojant 0,1-100 kPa
PAAmM hidrogeliy etaloninius bandinius (pav. 1).
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Pav. 1. ISmatuoto ir deklamuojamo Jungo modulio santykis.
Mikrogravitacijai simuliuoti Nanoinzinerijos skyriuje
buvo sukonstruotas 3D klinostatas. Sio prietaiso
veikimas pagrjstas tuo jog dvi sukimo asys atskirais
zingsniniais  varikliais nuolatos kei¢ia bandinio
orientacijag 3D erdvéje. Prietaisas kontroliuojamas

Arduino Nano plokste, bei specialiai parasyta programa.
Klinostato sukimosi ciklas buvo charakterizuotas atlikus
kompiuterines simuliacijas ir apskai¢iavus sukamo
bandinio orientacijos kryptinguma.
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Pav. 2. Bandinio orientacijos kryptingumas priklausomai nuo
asiy sukimosi grei¢io simuliacijos metu. Kuo didesné kreivés
verté tuo ilgiau islaikoma orientacija tam tikra kryptimi.

Siuo metu atlikti mechaninés analizés ir mikrogra-
vitacijos simuliavimo darbai yra pagrindas tolimesniems
tyrimams. Suformuotas mikromechanikos matavimo
protokolas iSbandytas su zinomo standumo standartais.
ISmatuotos Jungo modulio vertés yra labai artimos
dekrlaruotoms. Klinostato sukimosi ciklo modeliavimas
parodé jog teoriSkai geriausia asiy sukimosi greicio
kombinacija yra 4 : 0.2 RPM.
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APLINKAI JAUTRIY FLUORESCUOJANCIY BODIPY
JUTIKLIY KURIMAS LIGY DETEKCIJAI
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Mikroklampos, poliSkumo bei baltymy koncen-
tracijos vaizdinimas lipidinése sistemose gali
atskleisti ne tik reikSminga informacijg apie lgstelés
blseng, bet ir leisti identifikuoti ligas, kuriy metu
kinta lasteliy signaliniai keliai, metabolizmas bei
baltymy raiska [1]. Véziniy ligy atveju besikau-
piandios mutacijos bei padidéjes metabolinis
aktyvumas lemia lipidiniy membrany kompozici-
nius pokycius bei lipidy oksidacijg [1], suteikiancig
galimybe detektuoti vézinius susirgimus per
lipidiniy sistemy biofizikiniy savybiy vaizdinima.

Aplinkai jautrGs organiniai fluoroforai suteikia
viena i$ paprasciausiy budy vaizdinti biofizikiniy
parametry pokycius gyvose sistemose dél
efektyvaus Siy fluorofory prasiskverbimo per Igsteliy
membranas, mazo toksiskumo bei lengvai
modifikuojamy junginiy savybiy [2]. Pastaraisiais
metais ypac¢ didelio pasisekimo susilauké BODIPY
(boro dipirometeno) grupés fluoroforai, kuriy
veikimas paremtas spindulinés bei nespindulinés
relaksacijos konkurencija, kintanc¢ig nuo aplinkos
savybiy bei leidziancig vaizdinti fluorofory gyvavimo
trukme pasitelkiant  fluorescencijos gyvavimo
trukmeés vaizdinimo mikroskopijg (angl. fluorescence
lifetime imaging microscopy, FLIM) [3,4].

BODIPY-Ph-LD

BODIPY-LD BODIPY-Lys BODIPY-MF-(Ph),

1 pav. Tyrime naudojami BODIPY fluoroforai.
Mikroklampai jautrGs molekuliniai rotoriai BODIPY-LD
bei BODIPY-Lys, poliSkumui bei baltymy koncentracijai
jautrGs jutikliai - BODIPY-Ph-LD bei BODIPY-MF-(Ph)a>.

Siame darbe, pasitelkiant FLIM‘g, nagrinéjamas
mikroklampai, poliSkumui bei baltymy
koncentracijai jautriy BODIPY fluorofory kdrimas
bei panaudojimas vézio diagnostikai (pav. 1).
Tyrime pristatatomi Igstelinéms organeléms
specifiski mirkoklampos jutikliai - BODIPY-Lys bei
BODIPY-LD, atskleidziantys reikSmingus klampos
skirtumus tarp sveiky ir véziniy zmogaus lasteliy
lizosomose bei lipidiniuose lasSeliuose (pav. 2).
Darbe demonstruojama, kaip pasitelkiant
mikroklampai jautrius fluoroforus galima atpazinti
skirtingomis Iastelinémis blGsenomis pasizymincias
vézines lasteles bei jvertinti vézinio audinio
atsparumg chemoterapijai. Antroje tyrimo dalyje

aptariama elektronus donoruojanciy grupiy jtaka
BODIPY mikroklampos sensorinéms savybéms bei
pristatomi poliSkumui bei baltymy koncentracijai
jautr@s jutikliai - BODIPY-Ph-LD bei BODIPY-MF-
(Ph),. Parodoma, elektronus donoruojanciy pakaity
prijungimas keicia BODIPY molekuliy sensorines
savybes ir leidzia iSgauti mikroklampai nejautrius,
bet poliSkumui jautrius fluoroforus.
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2 pav. BODIPY-LD FLIM‘as lipidiniuose laseliuose
zmogaus plauciy vézio A549 (A) ir sveiky inksty HEK
293T (B) lgstelése. VirSutinéje paneléje parodytos
fluorescencijos intensyvumo nuotraukos, viduryje -
BODIPY-LD gyvavimo trukmés, apacioje - gyvavimo
trukmiy histogramos. Skalés - 10 um.

Darbas sudarytas i$ nuostoviosios bei nuo laiko
priklausancio fluorescencijos spektry, gyvy lasteliy
vaizdinimo FLIM‘u bei sugerties matavimuy.
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FLUORESCENCE CONCENTRATION QUENCHING
IN SOLUTIONS OF ZINC- AND FREE BASE PHTHALOCYANINES
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The phenomenon of fluorescence (FL) quantum
yield decrease upon concentration increase is
called concentration quenching (CQ). Despite
the fact that this phenomenon has been
observed for various materials [1,2], its nature is
not completely understood. Most likely, the
origin of CQ varies for different compounds: a
statistical pair of molecules could act as an
excitation trap, or some molecules may form H-
dimers, which quench FL. Most studies focus on
characteristics such as the average FL lifetimes
or FL quantum yield. However, FL decay kinetics
with increasing concentration could provide
useful information [3]. For example, Forster
Resonance Energy Transfer (FRET) [4] could be
detected through changes in the kinetics [3].

In this study we investigate the picture of FL
concentration quenching in 2,9,16,23-TETRA-
TERT-BUTYL-29H,31TH-PHTHALOCYANINE
(TTBPc; Fig.1a) and ZINC 2,9,16,23-TETRA-
TERT-BUTYL-29 H,31 H-PHTHALOCYANINE
(ZnTTBPc; Fig 1c). We studied CQ by varying
concentration of phthalocyanine by two orders
of magnitude, from O.1mM upto10 mM, and

F L intensity, a.u.

':: 2:: 2::
b Time, ns

recording FL spectrum with FL decay kinetics
(Figs 1b and 1d). The spectra do not change,
while time-resolved kinetics exhibit severe
changes with concentration increase. Firstly, all
the kinetics are fitted with the stretched-

b
exponential function exp [— (%) ] to observe the

deviations from mono-exponential decay of
unguenched species.

To explain the experimental data, we apply
donor-trap model, where a single donor
molecule is surrounded by an infinite number of
acceptors. For this reason, all the kinetics are
fitted with exp[—t/tp —(t/7,)*/?] function (called
‘DAC’), where 1, is the decay rate of excited
donor molecule in the absence of acceptors and
T, represents quenching due to acceptors. We
state that FRET from monomer species to H-
dimers of the corresponding material occurs.
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Fig 1. Molecular structure of TTBPc (a) and its decay kinetics (b);
Structure of ZnTTBPc (c) and kinetics (d).
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OPTOELECTRONIC SIMULATION OF CONVENTIONAL AND
PLASMONIC PHOTOCONDUCTIVE ANTENNAS BASED ON FINITE
ELEMENT METHOD (FEM)
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The Terahertz (THz) band, located between the
microwave (MW) and infrared (IR) regions of the
electromagnetic (EM) spectrum, has garnered
significant interest in research [1]. THz radiation has
potential applications in various fields, including
wireless communication, explosive detection,
pharmaceuticals, spectroscopy, and imaging [2].

Photoconductive antennas (PCAs) are
currently utilized as THz emitters and detectors
[31. A PCA consists of a photo-absorbing
substrate (low temperature grown Gallium
Arsenide (LT-GaAs) in this study) and a metallic
dipole antenna biased with a direct current (DC)
voltage that efficiently radiates THz waves. When
a short pulse laser is illuminated on the PCA,
photons are absorbed in the semiconducting
substrates, resulting in electron-hole pairs
generation. The electric field, established by an
external DC Dbias between the electrodes,
separates the photo-generated electrons and
holes. The resulting photocurrent pulse is fed into
the antenna, and the electromagnetic pulse
radiates into free space.
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Fig.1. (@) Conventional PCA, (b) Total current density vs
time for a Conventional PCA applying different voltages.

Recent research has employed plasmonic
nanostructures to improve the efficiency of THz
PCAs. These nanostructures interact with the
incoming laser light, boosting optical absorption
in the active photoconductive region, which leads
to an increased concentration of free carriers and
enhanced carrier gradients.

This study employs the finite element method
(FEM) to simulate the THz PCA through solving the

Maxwell's equations alongside the coupled
drift-diffusion and Poisson's equations. The
computational modeling is divided into two steps:
(1) calculating the optical response by determining
the spatial distribution of the optical field and (2)
determining the electronic response by solving the
time-domain forms of the coupled drift-diffusion
and Poisson's equations, using carrier generation
derived from the first step.

We studied the conventional bottom-
embedded thin-film (CBETF) and plasmonic
bottom-embedded thin-film (PBETF) PCAs which
are illustrated in Fig. 2.
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Fig.2: lllustrations of the (a) CBETF and
(b) PBETF THz PCA.
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Fig. 3. Electric field for (a) CBETF,
and (b) PBETF THz PCAs.
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Fig. 4. Total current density vs time for (a) CBETF, and
(b) PBETF THz PCAs applying different voltages.
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APPLICATION OF TERAHERTZ TIME-DOMAIN
SPECTROSCOPY FOR OBSERVATION OF POLYMER CURING
CHEMICAL REACTIONS
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In this study, the terahertz time-domain
spectroscopy (THz-TDS) technique was
employed to monitor the photochemical and
polymerization reactions of epoxy resin. The
curing process of six types of epoxy adhesives
and five types of UV-curing adhesives was
investigated.

The terahertz absorption spectra of liquid
epoxy resins are characterized by several
absorption lines. During curing, the center
frequencies of some lines shift, and some lines
disappear. Additionally, it was found that the
transparency of epoxy resins to terahertz
radiation depends on their state: liquid, colloidal,
or solid. The colloidal state of epoxy resin is the
least transparent, while the fully cured epoxy
resin is the most transparent.

2.0 T T T T

When studying UV-curing adhesives, it became
evident that the rate of the photochemical
reaction depends on the intensity of UV radiation
(Fig.D. It was also established that the refractive
index of the hardened material varies with the
intensity of optical radiation.

Our work demonstrates that the terahertz
time-domain spectroscopy (THz-TDS) technique
is an excellent tool for monitoring polymerization
reactions, as the curing process significantly
alters the optical properties of polymers in the
terahertz wavelength range.
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Figure 1. Normalized transmittance of UV-curable adhesive at different excitation intensities of UV light.

Probing radiation frequency - 0.2 THz. The start of the time countdown coincides with the switching-on of the
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Sensitive room-temperature terahertz detection
remains an important problem. TeraFETs have
been recently demonstrated to be both sensitive
and fast THz detectors [1]. However, the largest
sensitivity achievable in the plasmonic-resonant
regime occurs at a specific frequency depending
on the geometrical parameters of the conductive
part of the detector [2]. To enable plasmon-
frequency tunability, an EdgeFET design has been
proposed [3], in which two gate electrodes
surround the channel of the HEMT detector.
Applying voltage to the edge gates depletes the
edge parts of the channel, making it possible to
control the channel width electrically, which is
crucial for the plasmon frequency. However, the
devices demonstrated had rather high threshold
voltage, which meant noise problems and poor
convenience in application.

In this work, we propose the original EdgeFET
design modification, combining it with the
classical FinFET configuration. The proposed
modified EdgeFET design is intended to increase
the gating efficiency, reducing the threshold
voltage of the detector and, thus, the noise and
required DC bias.

We implemented the detectors on a SiC
substrate with a stacked structure of a 62-nm AIN
nucleation layer, 2.4-nm GaN cap, a 20.5-nm
Alo25GapssN barrier, and a 255-nm GaN channel. The
channel formation was performed by reactive ion
etching, while the Ti/Al/Ni/Au contact metallization
and the Ni/Au gate metallization were done by e-
beam evaporation. Both ohmic source-drain and
capacitive gate electrodes were designed to be
attached to individual bow-tie antennas, enabling
THz coupling. Electrical characterization of the
fabricated TeraFETs revealed a low threshold gate
voltage of -2.5 to -3 V for the classical FInFET and
the modified EdgeFET designs. The previously
proposed EdgeFETs demonstrated a threshold
gate voltage of -40 to -120 V. The steepness of the
threshold slope in the case of the modified
EdgeFETs was up to several orders larger
compared to unmodified EdgeFETs, which can be
explained by lower gate leakage current at lower
gate voltages. This is an important feature for THz
detection, as the Seebeck coefficient is proportional
to the first derivative of the transfer-to-gate
function. THz radiation absorption generates
localized heating, and the temperature gradient
created within the channel drives electron
movement due to the thermoelectric effect. If the
material has a non-zero Seebeck coefficient,
this results ina voltage difference, which can be

measured and used to detect the incident THz
radiation. Thus, the sensitivity of a TeraFET detector
directly depends on the steepness of the gate
threshold slope.

For the THZ detection characterization, the
samples were bundled with a Si-lens. The assembly
was exposed to 150 and 300 GHz radiation focused
by an OAP mirror. The position of the sample was
always optimized by signal amplitude. Responsivity
was measured for multiple channel lengths at each
gate configuration: fully covered channel in case of
a FinFET, side gate in case of an EdgeFET, and side
gates with an interconnection over the channel in
case of an m-EdgeFET.

7
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Fig.l. Room temperature responsivity to 300 GHz of a
FinFET (red) detector and a modified EdgeFET detector
(blue), depending on the gate voltage. The inset shows
an overview of the detector.

The room temperature responsivity to linearly
polarized 300 GHz radiation, coupled with the
source-drain antenna, for samples of two gate
configurations, FinFET and m-EdgeFET, having
identical dimensional parameters of the channel, is
shown in Fig.l. Due to the decreased area of the
channel-gate overlapping the modified EdgeFET
configuration has lower gate leakage, which results
in over three times higher responsivity values than
in case of a regular FINFET detector. M-EdgeFET

HEMTs were experimentally proven to operate as

sensitive room-temperature THz detectors, combining

effective gating and low gate leakage current.
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SUPERGARDELES PLAZMONINIY TIKRINIY MODUY
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Nuolatinés srovés puslaidininkinés supergardelés
gali veikti neigiamo diferencialinio laidumo
rezimu dél suzadinty elektrony Blocho virpesiy
[1]. Sis veikimo rezimas potencialiai gali lemti
auksto daznio Blocho stiprinima, dél kurio gali
bati stiprinami GHz-THz signalai [2]. Prietaisai
paremti supergardelémis gali veikti kambario
temperatlroje, kuo iS esmés skiriasi nuo Siuo
metu egzistuojanciy ir placiai naudojamy
teraherciniy kvantiniy kaskadiniy lazeriy,
kuriems vis dar reikalinga itin Zema temperatara.
Supergardeléje stiprinamas kintamosios srovés
signalas gali bati skersiné elektromagnetiné
banga (optinis stiprinimas) arba isilginé erdvinio
plazmoninio stiprinimo mechanizmai Siose
kvantinése struktlrose vis dar yra mazai
iStyrinéti, todeél tai apima pagrindine mdisy
mokslinio doméjimosi srit;.

|
I

0 5 10 15 20 25 30
WwpT

1 pav. Nestabilios relaksacijos modos (mélyna)
padidéjimas (w; > 0) ir stabilios hibridinés modos
(oranziné) sumazéjimas dviem plazmos parametro
reikSmems: w,t =2 (braksniné linija) ir w,t=20
(vientisa linija).

Siame tyrime remdamiesi istoriniu darbu [3],
apskaiciuojame ir analizuojame supergardelés,
su nuolatine srove, kompleksinius skersiniy
plazmos mody ( ~exp(—iwt) ) tikrinius daznius
(w = wg+iw;). Mody elgsena daugiausia lemia
du parametrai: wpt it w,7 (Blocho ir plazmos
dazniai bei sklaidos laikas - 7). Kai wgt>1 ir
wp,t>1, Blocho ir plazmos virpesiai yra
suzadinami ir hibridizuojami | aukStadazne
Lhibridine Blocho ir plazmos moda“. Tuo paciu
metu zemo daznio ,relaksacijos moda“ tampa
nestabili. Masy skaiciavimai rodo gerg atitikima
apytiksliams analitiniams sprendiniams, rastiems
[2], kai w,r<1. Taip pat Siame tyrime
nagrinéjame jdomy ribinj atvejj, atitinkantj
stipriai legiruotas supergardeles [4], ko pasekoje
randame labai didelj nestabiliosios modos
prieaugj, kurio atsiradimas sutampa su zymiu
hibridinés modos nykimo spartos padidéjimu [Zr.
1 pav.] Misy atradimai suteikia naudingy jzvalgy,

padedanciy suprasti ir vystyti naujus

plazmoninius jrenginius.
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Ever-growing field of terahertz (THZz)
technology, specifically imaging applications,
require polarization sensitive, efficient, compact
and easy to operate solid state thermal emitters
[1]. Currently, widely known devices, such as
quantum cascade lasers or 2DEG plasmonic
emitters require elaborate processing and
additional cryogenic cooling [2], which limits the
application of such devices in imaging systems.
Thermal emitters coupled with metasurfaces can
act as an attractive alternative, as they provide
narrow resonant emission with peak quality
similar to those of 2DEG plasmonic devices and
can operate at higher temperatures [3]. Such
emitter has a structure of a conductive bottom
layer, insulating layer and metallic metasurface
layer on top, all of which allows the excitation of
resonant magnetic polaritons.

In this work, a dual frequency thermal emitter
composed of GaAs based semiconductor
structure equipped with metallic metasurface
arranged from periodic rectangular-shaped
metacells is proposed and demonstrated
experimentally. The structure of the thermal
emitter consisted of 500 um-thick n-type GaAs
substrate layer with 4.3 um GaAs spacer layer
grown on top using molecular beam epitaxy. The
metasurface was formed on top of the spacer
layer using UV laser lithography and metal lift-off

process to produce 200 um-thick periodic layer
of rectangular metacells. The optical properties
of the samples were measured to determine
samples reflectivity and emissivity.

Acquired reflection spectra (fig. D
demonstrates the resonant 1st and 3rd harmonic
frequency peaks resulting from the excitation of
magnetic polaritons. Due to the rectangular-
shaped metasurface structure the dual
frequency peak can be seen depending on the
polarization. Spectra shows the 1st harmonic s-
polarized dip at 1.93 THz and p-polarized at 1.6
THz. Furthermore, the 3rd harmonic is seen at
4.04 THz and 3.74 THz for s-polarization and p-
polarization respectively.
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Fig. 1. Experimental reflectivity spectrum of THz
thermal emitter equipped with metasurface at two
perpendicular polarizations. The lines represent
Lorentzian function fits of 1st harmonic (red) and 3rd
harmonic (black) resonant frequencies.
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Center for Physical Sciences and Technology, Department of Fundamental Research
Saulétekio av. 3, LT-10257 Vilnius, email: karolis.daugevicius@ftmc.It

Studies of star clusters and their physical/
structural parameters allow us to understand how
galaxies form and evolve. Aperture photometry is
a powerful method that enables studies of star
cluster systems covering a wide range of cluster
parameters. However, accuracy of the method
strongly depends on numerous effects, including
stochasticity, environmental effects, intrinsic limits
of such methodology, and others. Thus, in our
study we aim to determine accuracy and
applicability limits of the aperture photometry
approach for star cluster studies.

We simulated a large grid of realistic stochastic
star cluster models covering parameter space of the
real M31 clusters. Images were modelled in six
photometric passbands to match Panchromatic
Hubble Andromeda Treasury (PHAT) survey [1]
performed with Hubble Space Telescope (HST).
We placed our simulated clusters in 5 locations of
M31 disc at different radial distances, representing
environments of various stellar density, and
measured them using aperture photometry
method (see Fig. 1.

In our study [2] of the background-less case
(BO as shown in Fig. 1) we found that due to
stochastic effects young low-intermediate mass
star clusters without and with post-main-
sequence stars exhibit large photometric
differences - this makes cluster physical
parameter determination based on aperture
photometry problematic at ages < 30 Myr.

In Fig. 2, we show how photometry errors in
different environments depend on aperture radius,
Rap. Generally, errors decrease with increasing
aperture size and cluster mass, meanwhile they
increase with age and higher background level.
However, we found that accuracy gain is small for
apertures beyond the cluster half-light radius and
measurements using small apertures can be
relatively more accurate.

In Fig. 3, differences of colour index F475W -
F814W when measured in background fields and
the background-less case, are shown. We found,
that in (semi-)resolved dense fields, bright
background stars that are mostly red can introduce
reddening effect, when clusters are measured with
large apertures. We suggest that this can be
minimized using smaller apertures to measure
colour indices, as proposed in the adaptive
aperture photometry method, that we introduced
in the previous studies of real M31 star clusters [3,
4].

Fig. 1. F336W,/F475W,/F814W colour images of one model cluster
(mass of 3000 Mp and age of 10 Myr) placed in different M31
environments. BO - no background. Red circles - apertures with
radii (Rs,) of 1 and 2 arcsec. Bottom panel - locations of B1-B5
fields marked on the map of M31 (Spitzer MIPS 24um image).
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Fig. 2. Photometry errors arising due to aperture positioning
and size biases. Error bars - 16-84 percentile ranges. Results for
clusters with half-light radii in the range of 0.2-1.0 arcsec are
shown. Mass and age of models are indicated in panels.
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Fig. 3. Differences of F475W - F814W when measured in
background fields (B1-B5) and the BO case. Error bars - 16-84
percentile ranges. Results for clusters with half-light radii in the
range of 0.2-1.0 arcsec are shown here. Mass and age of models
are indicated in each panel.
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STAR CLUSTERS IN THE DISK OF ANDROMEDA GALAXY
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Star clusters are essential for understanding the
formation and evolution processes of their host
galaxies. Most stars form in embedded star
clusters (Lada & Lada 2023), therefore
knowledge of the physical parameters of a
cluster population (e.g., age, mass, chemical
composition, and interstellar extinction) is
crucial for constraining the star formation history
of the galaxy and understanding the processes
that drive star formation.

The Andromeda galaxy (M31) is one of the
best sites for studying star formation within
galaxy disks due to its complex history and
structure (Lewis et al. 2015; Williams et al. 2017).
The M31disk star cluster studies have been made
possible by the extensive Panchromatic Hubble
Andromeda Treasury (PHAT) survey (Dalcanton
et al. 2012) performed with the Hubble Space
Telescope (HST). PHAT has covered a significant
portion of the M31 disk, resulting in the largest
star cluster catalogue (Johnson et al. 2015) of
2753 clusters.

In this presentation, we aim to explore the
connections between star clusters and the star
formation history of the M31 disk using PHAT
data. By analysing the parameters of individual
clusters - age, mass, extinction, and metallicity -
we explored the radial and azimuthal
distributions of clusters, revealing insights into
the recent evolution of the M31 disk.

We measured the radial profiles of cluster
surface density for two age groups, focusing on
the azimuthal segment from -25° to +35° around
the major axis (Fig. 1). Star-forming rings at -6,
~10, and ~15 kpc from the centre were identified,
with the 15 kpc ring primarily consisting of
clusters younger than 100 Myr. The small radial
dispersion of cluster groups over -~-300 Myr
implies a radial velocity dispersion below -2
km/s, showing that star clusters serve as stable,
long-term tracers of star-forming regions in disk
galaxies.
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Fig. 1. Top: The maps of massive (>800 Myp) star
cluster surface number densities in the M31 disk. The
cluster number densities, kpc?2, are colour-coded
according to the bars. The circles indicate 10, 14, 18 kpc
distances from the galaxy centre. Bottom: The radial
profiles of star cluster surface number density
calculated per Myr in two age ranges within the
azimuthal segment of 60° (from -25°to +35°). The blue
line represents younger (£100 Myr) and the red line -
older (100 < t £ 400 Myr) clusters.
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Forming and crimping metals with pulsed magnetic
fields is a modern, environmentally friendly method
that eliminates the need for mechanical pressure.
This process uses short high-amplitude pulsed
magnetic fields and the analysis of these dynamics
provides important insights for evaluating quality
and optimizing the process. This paper presents a
computerized fast magnetic field measurement
system that enables precise measurements of
pulsed magnetic fields up to 20 T with 40 pus
duration. To study the magnetic field dynamics in
magnetic pulse forming and crimping, we developed a
setup consisting of capacitors, a Bitter coil, a spark gap.
The setup allows for short pulsed magnetic fields,
which we recorded with a fast B-scalar meter. We
conducted a series of experiments that consist of three
stages. At each stage, we modified the experiment so
that its results could be compared with a result
obtained at the previous stage.

On first stage, we investigated how the presence
of an aluminum rod affects the magnetic field in the
field shaper of Bitter coil. For this purpose, in the first
case we measured the magnetic field near the inner
surface when only the field shaper was present, and
in the second case with an inserted aluminum rod of
6.8 mm diameter. In both cases, the capacitors were
charged up to 1.5 kV. The results are shown in Fig 1.

On a second stage, we investigated an aluminum
tube forming. We inserted the aluminum tube with a
diameter of 6.8 mm into the field shaper and
recharged the capacitors up to 1.5 kV. The energy
stored in the capacitors was sufficient to initiate the
plastic deformation of the tube after discharge. Fig.
2 presents the results for both the non-deformable
rod and the tube that deforms plastically in the
magnetic field shaper.

On a third stage, the same 6.8 mm aluminum tube
was used to crimp two steel rods with diameters of
45 mm and 5 mm, respectively, under identical
capacitor charging voltage of 1.5 kV. The results of
the crimping processes were compared to the tube
deformation observed on previous stage. Since it
was found that the plastic deformation occurs
during the first half-wave, Fig. 3 shows only a
detailed view of the first peak.

When a non-deformable aluminum rod (6.8 mm
diameter) was inserted into the field shaper, the
magnetic field amplitude in the 700 pum gap
increased by about 19%, due to induced currents on
the rod’s surface, which generate a magnetic field
aligned with the external field and lead to a higher
measured magnetic flux density. In this case the
signal period slightly decreased due to increased

reactive impedance. Comparisons between non-
deformable rods and deforming tubes of the same
diameter revealed plastic deformation of aluminum
starting 5 us after discharge. When crimping aluminum
tubes and steel rod, the fast B-scalar meter allows
registering a time of impact. For the 5 mm steel rod,
the flyer tube moves 500 um, and impact occurs 2 us
after the start of plastic deformation. With the 4.5 mm
rod, the flyer tube moves 750 um and impact occurs
3.5 us later. Crimping occurred within the first half-
period of the signal.
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Fig. 1. Time dependence of magnetic flux density in the field

shaper (black) and with inserted rod (red).
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Fig. 2. Time dependence of magnetic flux density in the field
shaper with inserted rod (red) and with the Al tube (red). The
inset shows the image of the formation.

A18 ] T ; ——4.5mm rod
— 16 - —— Tube forming
514_- — 5mm rod
212
% j
= 81 L
2 6 54
g ,] i
i
O T T T T
20 25 7 30 35 40
Time (us)

Fig. 3. Time dependence of magnetic flux density during
crimping flyer tube around a 4.5 mm steel rod (black), a 5 mm
steel rod (blue), and the tube formed without impact (red). The
arrows show the impact moments.
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PavirSinio plazmono emisija (SPCE) iskilo kaip
fluorescencijos aptikimo technologija biologijoje,
biotechnologijos moksluose ir medicinos
diagnostikoje. Naujas SPCE technologijos
priéjimas leidzia smarkiai padidinti fluores-
censijos signalo surinkimo efektyvumg transfor-
muojant jprastai izotropine, nuo kampo
nepriklausomg, daugiadaleliy fluorescenciniy
dazy emisijg | kryptinga[1] emisija kuri vyksta
plazmony emisijos rezonanso kampu. Tai
pasiekiama kai fluorescensijos signalas i$
molekuliniy dazy suzadina plazmonine banga
rezonanso salygomis ir paprastai atliekama
jdedant emiterius | artimg laukg plazmonése
nanostruktlrose[2]. PavirSinio plazmono emisijos
metu, dazo gesimo trukmeé yra modifikuojama
deél atsiradusio Purcell efekto, tacCiau dazo
emisijos spektras islieka nepakites. [3].

Spektroskopiné elipsometrija buvo naudoja-
ma siekant iSsiaiskinti bandiniy sugerties
spektrus prie skirtinigy kritimo kampy ir jvertinti
sugerties dispersijg. Fluorescencijai tolimajame
lauke jvertinti buvo naudojama Furjé
mikroskopija parodanti emisijos kampy
pasiskirtyma. Atskira optiné schema buvo
surinka siekant jvertinti fluorescencijos spektrus
prie skirtingy kampu.

Siame darbe buvo tyringjama emisijg i$
méginiy, pasizymincliy stipriosios sgveikos
dinamika. Eksperimentiniai metodai, apimantys
spektroskopine elipsometrijg ir Furjé mikros-
kopijg, buvo atlikti naudojant Rodamino 6G
fluorescenciniy dazy sluoksnius, suformuoty ant
plony sidabro 45 nm sluoksniy. Pav. 1
pavaizduota bandinio spektroskopinés elipso-
metrijos matavimas parodo modifikuotas
dispersijos kreives - ties 470 nm esanti R6G dazo
sugerties linija tampa priklausoma nuo Sviesos
kritimo kampo. Tai patvirtinta, kad sistema yra
stipriojoje saveikoje. Méginiams stipriosios
sgveikos rezime buvo stebima kryptiné emisija,
taip pat modifikuotas emisijos spektras atsirades

dél Rabi osciliacijy. Eksperimentai, apimantys
Rodamino gesimo trukmés matavimus stiprio-
sios saveikos rezime, gali rodyti reikSminga
gesimo trukmés sumazéjima. Fluorescensijos
gesimo trukmés matavimai pikosekundziy
skaléje galéty turéti didziulés naudos dél
sumazeéjusio gesimo laiko, tai padidinty kvantinés
Hong-Ou-Mandelio interferencijos matomumg

[4].
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Pav.1. Modifikuota rodamino 6G molekuliy
sugerties dispersijos kreivé stipriosios sgveikos
rézime.
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TAMM'‘O PLAZMONU - POLIARITONU REZONANSINIO
BANGOS ILGIO DERINIMAS NAUDOJANT ATOMINIO STORIO
SLUOKSNIO NUSODINIMA
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Pastaraisiais metais buvo skiriama daug démesio
struktdroms sudarytoms is fotoninio kristalo (PC
- angl. k. photonic crystal) ir plono metalinio
sluoksnio [1]. Tokiose struktdrose, PC ir metalo
sluoksnio salycio riboje gali blti generuojama
pavirsiné moda vadinama Tamm‘o plazmonais -
poliaritonais (TPP) [2]. TPP yra optinés blsenos
panasios | I. Tamm‘o aprasytas [3] elektrony
blsenas ir susidaro draustinéje energijos juostoje
kristalo pavirsiuje. Siuo atveju draustine
energijos juostg atitinka PC stop juosta
susidaranti dél Bragg‘o atspindziy periodinéje
struktdroje. TPP yra stovincCios bangos, kurias
galima suzadinti tiek p-, tiek s-poliarizacijose [4].
PrieSingai nei pavirSiaus plazmony - poliaritony
suzadinimams, kuriems reikalingi papildomi
optiniai elementai, tokie kaip prizmés ar gardelés,
TPP galima generuoti paprastose optinése
konfiglracijose, o tai atveria galimybes jy
taikymui jvairiose srityse: optiniai biosensoriai,
juostos pralaidumo filtrai, nanolazeriai ir kitos.
Taciau sékmingas tokiy struktlry taikymas Siose
srityse remiasi | tiksly TPP optiniy savybiy
suderinimg bei tikslia TPP rezonanso padétj
spektre.

Vienas iS metody, leidzianc¢iy jgyvendinti
aukstus tikslumo reikalavimus yra atominio storio
sluoksnio nusodinimas (ALD - angl. k. atomic
layer deposition). ALD yra cheminio gary
nusodinimo (CVD - angl. k. chemical vapour
deposition) atSaka, paremta cikliSku pirmtaky
dozavimu | reaktoriy, per vieng ciklg
suformuojant atomo storio sluoksnj, uztikrinant
itin didelj nusodinty sluoksniy storio tikslumga bei
procesy atkartojamumg. Be to, proceso metu
reaktoriuje padengiami visi optiniy komponenty

pavirSiai, o dangy tankis bei struktdra
nenusileidzia jonapluosc¢iu dulkinimu suformuo-
toms dangoms, todél ALD dangos gali pagerinti
optiniy komponenty parametry stabilumg bei
uztikrina komponento apsaugg nuo aplinkos
poveikio [5].

Sio darbo tikslas yra pademonstruoti
potencialy ALD metodo taikymag tiksliam TPP
rezonansinio bangos ilgio derinimui. Jona-
pluos¢io dulkinimo metodu (IBS - angl. k. ion
beam sputtering), periodiskai nusodinant tantalo
oksida ir silicio oksidg, buvo suformuotas PC. Ant
PC ALD metodu buvo nusodinami skirtingi storiai
Al,Oz ir galiausiai magnetroninio dulkinimo
metodu (MS - angl. k. magnetron sputtering)
nusodintas vienodo storio aukso sluoksniai.
Spektroskopinés elipsometrijos ir atspindzio
matavimy metu fotoninéje draustinéje juostoje
buvo stebétas TPP rezonansas. Buvo nustatyta,
kad keic¢iant Al,Oz sluoksnio storj 3 nm, TPP
rezonanso bangos ilgis taip pat pasislenka per =3
nm [6].
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This study presents the fabrication of two
Vertical-External-Cavity Surface-Emitting Laser
(VECSEL) chips. The first chip features InGaAs
multiple quantum wells (MQWSs) in the gain
region, serving as a reference for testing the
structure, while the second chip utilizes GaAsBi
MQWSs. The incorporation of bismuth into the
GaAs lattice highly reduces the band gap, 60-90
meV per Bi% [1], enabling longer wavelength
emission with minimal Bi content and enhancing
bandgap temperature stability. Additionally, this
incorporation increases the spin-orbit split-off
energy of GaAsBi, reducing non-radiative Auger
recombination and making GaAsBi quantum
structures promising for optoelectronic
applications.

Since their invention, lasers have become
indispensable across a wide range of fields,
including research, medicine, consumer
electronics, and communication. Each of these
applications requires a specific set of laser
properties, leading to the development of
various laser types over time. VECSELs represent
a newer class of structures derived from Vertical-
Cavity Surface-Emitting Lasers (VCSELSs).

Unlike conventional VCSELSs, which use a gain
region enclosed between two Distributed Bragg
Reflectors (DBRs), VECSELs replace the top DBR
with an external coupler. The primary advantage
of VECSELs over VCSELs is their ability to
generate high optical power output while
maintaining excellent circular beam quality [2].
The output power of VECSELs is directly
proportional to the emitting surface area, making
it essential to grow large-area samples with the
highest possible optical uniformity [3]. This
design allows for optical pumping and provides
cavity access, resulting in significantly higher
output power, limited primarily by thermal
management [4,5]. The bandgap stability of

GaAsBi  helps overcome this limitation,
simplifying thermal management during
operation.

The VECSEL structures were grown using a
Molecular Beam Epitaxy (MBE) system. A gain
region comprising 12 QWs with alternating
barrier thicknesses was grownontopofa 30-

period AlAs/GaAs DBR. This configuration,
illustrated in Fig.1, reduces the overall chip
thickness, thereby improving thermal
management. Special attention was given to
avoid the formation of misfit dislocations in the
guantum wells to fabricate large chips.

The InGaAs/GaAs MQW gain VECSEL
demonstrated lasing at 976 nm from a 500 um
diameter region. Using a similar double quantum
well design, a VECSEL with a GaAsBi/GaAs
MQW gain area was fabricated, achieving lasing
at 1070 nm. This marks the first reported instance
of lasing from a GaAsBi-based VECSEL.

This search was funded by the Research
Council of Lithunia (LMTLT), agreement No. [S-
MIP-22-86].

GaAs barriers

7nm Thick Barriers 7nm

X3

QWS QWS

Conduction band energy

Fig. 1. Sketch of the gain area used in the VECSELs
fabrication.
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EVALUATION OF LIMITING FACTORS THAT INFLUENCE
THE QUANTUM CUTTING EFFICIENCY OF YTTERBIUM-DOPED
HALIDE PEROVSKITE
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Cesium lead halide perovskites (CLHPs) exhibit
remarkable properties, including a broad
absorption range in the visible light band, tunable
bandgap, structure stability, and defect tolerance.
Their facile fabrication processes and low
production cost make them highly suitable for
various optoelectronic applications, such as
photovoltaics and photodetection.[1] Recently,
CLHPs garnered significant attention as efficient
hosts for down-conversion materials, particularly
when doped with lanthanide ions such as Yb3".
CLHPs can absorb high-energy photons within the
UV-blue spectral range and emit two lower-
energy photons in the near-infrared region, known
as the quantum cutting phenomenon (QC). As a
result of this phenomenon, the photolumi-
nescence quantum yield (PLQY) can exceed unity
[2,3]. Numerous studies have reported PLQY
values under various conditions, reaching 170%
[3]1,173% [4], and 190% [5]. In our previous work,
we achieved a maximum PLQY of 160% for
Yb3*:CsPbCls powder. However, this value
represents a record achievement rather than a
consistently reproducible result, as obtaining
reproducible films remains challenging [6].

Several factors may limit the achievement of
these high PLQY values, including the efficiency of
the energy transfer from the perovskite host
(Visible spectrum) to the dopant (near-infrared
spectrum) or the intrinsic luminescence properties
of the dopant. In the present work, we employed
electron paramagnetic resonance (EPR)
measurements, visible and infrared photolumines-
cence, ultrafast time-resolved fluorescence, and
microscopic techniques to assess ytterbium
incorporation into the perovskite lattice and to
identify the factors limiting QC efficiency.

Our findings revealed the presence of two
distinct species of Yb3* ions—monomeric and
dimeric ytterbium—each exhibiting different
luminescence lifetimes depending on Yb3*
concentration (Fig. 1, Table 1). The fast decay
component was found to reduce the luminescence
quantum vyield less than unity. As the Yb3*
concentration increased, this fast decay
component diminished, giving way to a dominant
slow decay component, which led to an
enhancement in PLQY (monoexponential decay).
However, with further increases in Yb3*
concentration, the slow decay component re-

emerged (non-exponential decay), likely due to
migration-limited excitation quenching. This
quenching is attributed to several factors,
including the presence of impurities, defects, or
monomeric Yb3* ions, which leads to non-radiative
relaxation.

100011y CsPbCl-Yb® y% powder
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N
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Fig. 1. NIR kinetics of the
CsPbCls powders with
different Yb3* concen- ,
trations.

Time (ms)

Table 1. NIR emission decay times of Yb3*-doped
CsPbClz powders and thin films (Aexc = 375 nm).

nlms] A [%] 12 [ms] Az [%] tav [Ms. QY [%]

Powders
CsPbClzYb3* y%, y=
0.5% 0.15 0.52 1.46 0.48 0.79 27
1% 0.15 0.35 1.51 0.65 103 65
2% 0.18 0.16 1.57 0.84 135 81
3% 0.64 on 1.71 0.89 1.59 89
5% 0.69 on 1.74 0.89 1.62 14
7% - - 1.67 1 1.67 102
9% 0.98 0.32 1.88 0.68 1.59 101
15% 0.73 0.24 1.80 0.76 1.55 109
25% 0.68 0.20 1.76 0.80 154 75
50% 0.53 0.30 1.61 0.70 1.28 71
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EVIDENCE OF HOT CARRIER EFFECT IN A SILICON SOLAR CELL
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Algirdas Suziedélis, Aldis Silénas, Aurimas Cerskus, Vladyslav Kyshchun
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The sole effective optical mechanism that produces
electron-hole pairs essential for solar cell
functionality is the absorption of solar photons
possessing energy equivalent to a semiconductor’s
forbidden energy gap. According to the Shockley-
Queisser limit, photons with energy below the
bandgap are not absorbed [1], leading to what is
known as "below-bandgap loss” [2]. Photons with
energies exceeding the bandgap create electron-
hole pairs with excess energy. Typically, this extra
energy is not utilized for carrier generation and
instead heats the crystal lattice, diminishing the solar
cell’s efficiency [3]. This process, termed "therma-
lization loss,” occurs as the carriers lose their excess
energy through interactions with other free carriers
and phonons.

This study examines the peculiarities of hot
carrier (HC) phenomena in solar cells. In an industrial
silicon solar cell, the HC photocurrent is generated
by radiation which is close to but below the
bandgap. The wavelength is chosen to minimize the
single-photon generation of electron-hole pairs
which could suppress the heating of carriers.
Furthermore, the presence of carrier heating under
the above-bandgap laser radiation was confirmed.
The characteristics of the HC photocurrent are
examined by a comparative analysis of the hot
carrier and generation photocurrents in their
current-voltage (I-V) and current-power dependen-
cies [4]. Additionally, the carrier temperature is
determined using an innovative method based on the
temperature coefficient of the |-V characteristic [5].

As the investigation reveales, pulsed 1,342 um
laser radiation generates a photocurrent consisting
of two components with opposing polarities. The I-
V characteristics of the sample, both in the dark and
under illumination, are depicted using the individual
peak values of each photocurrent component,
considering their respective directions, and are
illustrated as solid lines in Fig. 1. At the applied laser
light intensity of 0.36 MW/cm both short-circuit
photocurrent components have nearly equal values,
but increasing the forward bias voltage significantly
alters their ratio, reducing the generation
component [3].

The formation of the HC photocurrent can be
explained as follows: a free electron absorbs energy
from the below-bandgap photon, becomes heated,
and then diffuses across the junction. This diffusion
is driven by the carrier density gradient, with the
electron’s elevated energy allowing it to overcome
the junction's potential barrier. Notably, the
direction of this photocurrent aligns with the
forward current across the junction [2].

Notably, unlike the generation current (Fig. 1, blue
dotted line), no HC short-circuit photocurrent is
observed under illumination by a 1.064 um laser
(with photon energy above the bandgap). However,
the HC photocurrent becomes noticeable at forward
bias voltages above approximately 0.8 V (Fig. 1, red
dotted line in the top right corner).
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Fig. 1. Current-voltage characteristics of Si solar cell. In
the inset: enlarged high-bias region of I-V curves under
1.064 pm illumination.

The I-V curves were measured at temperatures of

300 K and 80 K. The observed shift in the |-V

characteristics with  temperature can be

characterized by the temperature coefficient, a

material-specific parameter that indicates the

voltage drop per degree of temperature change.

The model developed for assessing carrier

temperature, based on the temperature

coefficient of the |-V characteristics, provides a

measure of the hot carrier temperature.

In summary, these findings improve the
comprehension of the hot carrier phenomenon in
photovoltaic devices and may require a
reassessment of intrinsic loss mechanisms in solar
cells. Furthermore, the results indicate the need to
revise the Shockley-Queisser limit of a single-
junction solar cells by incorporating the
unavoidable effects of hot carriers.
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SbSel PLONY DANGY FORMAVIMAS TERMINIU UZGARINIMU
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Stibio seleno jodidas (SbSel) susilaukia vis didéjan-
¢io mokslininky démesio fotovoltaikos srityje [1], [2].
SbSel pasizymi dideliu Sviesos sugerties koeficientu
ir placiu draustinés juostos tarpu (1.7 eV), todél Sig
medziagag norima pritaikyti kuriant naujos kartos
saulés elementus skirtus generuoti energija isS vidaus
patalpy apSvietimo. SbSel taip pat sudarytas is
nebrangiy ir mazai toksisky cheminiy elementy bei
yra termodinamiskai stabilus kambario salygomis.
Taciau SbSel kristaline struktlra sudaro gijos kurios
viena kryptimi yra sudariusius stiprius kovalentinius
rysius, o kitomis kryptimis - van der Valsinius. Dél
Sios priezasties, kristalizacijos metu SbSel grideliai
kovalentiniy rysiy kryptimi auga labai greitai, o
kitomis - létai ir tai lemia iS mikro-vamzdeliy
sudaryta SbSel pavirSiaus morfologijg [2]. Tokia
sluoksniy morfologija yra netinkama gaminti
jorastinés struktlros saulés elementus nes Zenkliai
padidina pavirsine rekombinacija, mazina kontakto
plotg ir neuztikrina dangos vientisumo [2]. Taigi
pagrindinis Sio darbo tikslas buvo iSbandyti terminio
uzgarinimo metodus norint suformuoti kompaktiska
ir vientisg SbSel danga.

Suformuoti plonas SbSel dangas buvo
pasirinkti du badai: (i) atskirty sluoksniy terminis
uzgarinimas ir atkaitinimas; (ii) vieno sluoksnio
greitas uzgarinimas ir atkaitinimas. Pirmuoju
atveju, Sb,Ses ir Sbls dangos buvo uzgarintos
viena ant kitos. Buvo nustatytas optimalus
garavimo rézimas ir laikas kiekvienai medziagai
norint gauti reikiamo storio dangas, kurios atitikty
molinj Sb:Se:l santykj 1:1:1 visame tlryje. Tuomet
suformuotas dvigubas sluoksnis buvo tiriamas
Rentgeno spinduliy difrakcijos metodu, kaitinant
He atmosferoje in situ rézimu. Antruoju bldu ploni
sluoksniai buvo auginami garinant SbSel miltelius
specialiame lovelyje. Buvo nustatytas ir kei¢iamas
garinimo rézimas kuris leisty gauti vientisg,
homogeniska Sb-Se-I danga su stechiometrine
sudétimi.

Nustatyta, jog kristalizuojant dangas iS dviguby
pirmtako sluoksniy grynos SbSel fazés formavi-mosi
temperatdrinis intervalas buvo 150 - 200 °C (pav. 1).
Faziné analizé atskleidé, kad bandiniuose
atkaitintuose virs 200 °C buvo aptikta Sb,Ses fazé ir
jos koncentracija didéjo didinant atkaitinimo
temperatlra. Manoma, jog prie aukstesniy nei 200
°C temperatiry SbSel skyla j Sb,Ses (kieta) ir Sbl3
(dujos). Sios prielaidos buvo patvirtintos ir
termogravimetrijos matavimais. Taigi kaitinant
pirmtakus sudarytus iS Sb,Ses ir Sbls dangy buvo
pasirinktos temperatiros neaukstesnés nei 230 °C.
Atlikus pavirSiaus morfologijos tyrimus, buvo
nustatyta jog visos SbSel dangos suformuotos is

Sblz/Sb,Sez pirmtako pasizymeéjo dviguba dangos
struktdra (pav. 2A).
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Pav. 1. Dvigubo Sblz/Sb2Sesz pirmtako sluoksnio rent-
genogramos iSmatuotos in situ rezimu, kaitinant bandinj
iki 275 °C, 50 laipsniy zingsniu, He atmosferoje.

Manoma, kad dél didelio kristalizacijos
temperatiry skirtumo tarp Sbls ir Sb>Sesz danguy,
SbSel pirmiausia pradeda formuotis apatinéje
sluoksnio dalyje, o perteklinis jodas pasiSalina
dujy pavidale. Sios priezastys léemeé tustumy
susiformavimag prie padéklo ir suteiké erdvés
mikro-vamzdeliy augimui (pav. 2A). Deja, dél
mazo sukibimo ploto dangos daznai atSokdavo
nuo padéklo.

" I Iy
D . i Y \ h M k.
Pav. 2. Atkaitinty SbSel dangy skerpjivio SEM
nuotraukos, kai (a) pirmtakas buvo dvigubas sluoksnis

(b) viengubas.

Norint iSvengti dvigubo sluoksnio formavimosi, buvo
nuspresta pakeisti pirmtako nusodinimo badda ir
pabandyti uzauginti Sb-Se-I sluoksnj tiesiogiai. Siam
tikslui pasiekti buvo pasitelktas greito garinimo
metodas, nes kaip nustatyta anksciau, jprastiniu
greic¢iu kaitinant SbSel milteliai skyla j Sb2Ses ir Sbls.
Garinimo procesas buvo optimizuojamas keiciant
garinimo greitj, atstuma tarp padéklo ir Saltinio,
milteliy kiekj bei lovelio forma. Po kristalizacijos,
dangos buvo kompaktiskos, grynos SbSel fazés ir
nepasizymeéjo dvigubo sluoksnio struktdra (pav. 2B).
Taigi Siame darbe pavyko rasti terminio garinimo
salygas norint gauti vientisas, kompaktiskas ir
pakankamai lygias SbSel dangas.
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INVESTIGATION OF PHOTOVOLTAGE FORMATION
IN PEROVSKITE SOLAR CELLS
Mujahid Muhammad

Center for Physical Sciences and Technology, Laboratory of Electronic Processes
Saulétekio av. 3, LT-10257 Vilnius, email: muhammad.mujahid@ftmc.It

Due to their outstanding characteristics that
have the potential to be used in optoelectronic
devices including solar cells, photodetectors,
and light-emitting diodes, metal halide
perovskites have caught a lot of attention.
Because of its high absorption coefficient over
the whole visible spectrum, which enables the
use of thin films, high defect tolerance, high
carrier mobility, and long carrier diffusion
length, metal halide perovskites are appealing
for use in solar cells[1].

In this project | will present experimental as well
as theoretical study of the formation of
photovoltage in perovskite solar cells fabricated
with and without Sn on base cesium-containing
triple cation perovskite film
Csxy(FA0.83MA017)a-0PbUo0g3Broiz)s  and  Csx(FA
0.83MA017)a-x PbosSno.2(loszBroiz)s.

Two components constitute up the
photoresponse, according to measurements of
transient photovoltage created in perovskite
solar cells by short laser pulse illumination. The
photovoltage was determined to consist of two
components: U = Uph+ Uf[2]. The first one, Uph,
is the typical photovoltage result of laser
radiation producing electron-hole pairs. The
second one, Uf is the rapid component of
photovoltaic voltage that has the opposite
polarity from Uf and follows the laser pulse.
Compared to Pb perovskite solar cells, mixed
Pb-Sn perovskite solar cells typically have a
lower photovoltage.

Conference abstracts submitted by October 1
2024.
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PEROVSKITE SOLAR CELLS
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Perovskite solar cells (PSCs) have garnered
considerable attention in recent years due to
their notable efficiency and potential for cost-
effectiveness. Featuring a hybrid organic-
inorganic composition, these materials have
demonstrated significant advancements in
power conversion efficiency (PCE), positioning
them as promising candidates for renewable
energy applications. Understanding the various
factors influencing PSC performance is essential
for enhancing their commercial viability.

Fig. 1. Cross-sectional SEM images of perovskite films
on different TiO2 layers [1].

The analysis included four distinct types of
perovskite films: Film A (on compact TiO2), Film
B (on mesoporous TiO2), Film C (on compact
ALD-TiO2), and Film D (on mesoporous ALD-
TiO2). Various characterization techniques, such
as X-ray diffraction (XRD), scanning electron
microscopy (SEM), and photoluminescence (PL)
measurements, were employed. XRD analysis
revealed that films grown on mesoporous TiO2
exhibited superior crystallinity compared to

those on compact TiO2, with sharper peaks
indicating larger crystallite sizes and reduced
dislocation densities. SEM imaging provided
insights into the morphology, showing that films
on mesoporous layers penetrated more
effectively between nanocrystals, resulting in
smoother surfaces and uniform grain distribution.
Photoluminescence studies indicated a
significantly longer lifetime of charge carriers in
mesoporous structured films, correlating with
enhanced device performance.
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Fig. 2. Statistical distribution of the power-conversion
efficiency of perovskite solar cells based on different
perovskite films.

Overall, these findings demonstrate that
mesoporous structures facilitate improved
charge transport and longer carrier lifetimes,
contributing to higher power conversion
efficiencies in solar cells.
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INNOVATIVE BIMETALLIC 3D NICKEL-IRON/TITANIUM
BIFUNCTIONAL ELECTROCATALYSTS FOR EFFICIENT HYDROGEN
EVOLUTION REACTION IN ACIDIC MEDIA

Shahid Nawaz, Aldona Balc&iGnaité

Department of Catalysis, Center for Physical Sciences and Technology, Saulétekio av. 3, LT-10257 Vilnius,
email: shahid.nawaz@ftmc.lt

Due to their significance in science and
technology, the development of affordable,
efficient, and robust hydrogen evolution reaction
(HER) electrocatalysts has been a long-standing
pursuit. The demand for bifunctional
electrocatalysts, capable of efficiently driving
both the oxygen evolution reaction (OER) and
hydrogen evolution reaction (HER), is gaining
considerable attention, as they are essential for
overall water-splitting processes. However,
designing OER/HER bifunctional electrocata-
lysts that are both cost-effective and exhibit
outstanding catalytic activity remains a
significant challenge. In this study, iron-nickel
(Fe/Ni) bimetallic coatings were investigated as
electrocatalysts for the HER in acidic (0.5 M
H,SO,) media. The catalysts were deposited on a
titanium substrate (x1 cm?) using an
economical and straightforward electrochemical
deposition process via a dynamic hydrogen
bubble template method. The electrocatalytic

Oxygen Evolution Reaction ] Hydrogen Evolution Reaction ] Electrocatalytic Activity of | |
(OER) c

efficiency of the synthesized catalysts was
evaluated for HER at 25°C using linear sweep
voltammetry (LSV). The surface morphology and
composition were further analyzed through
scanning electron microscopy (SEM) and
inductively coupled plasma optical emission
spectroscopy (ICP-OES). It was observed that
the  synthesized FeNi/Ti-1 and  FeNi-2
electrocatalysts, with Fe3*/Ni?* molar ratios of 1:1
and 1:2, respectively, exhibited excellent HER
activity in acidic conditions, requiring an
overpotential of 106 mV to achieve a current
density of 10 mA cm™ Both catalysts
demonstrated outstanding long-term stability
for two and ten hours at constant potentials and
a constant current density of 10 mA cm™,
indicating their resilience and enhanced stability.

Graphical Abstract:
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ELECTROSTATIC INTERACTIONS IN PHOTOSYNTHETIC COMPLEXES
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Photosynthesis is one of the most important
processes on Earth. The most efficient organisms
that carry out photosynthesis are land plants or
higher plants. In the thylakoid membrane of
chloroplasts there are two systems that carry out
photosynthesis - Photosystem | (PSIl) and
Photosystem Il (PSII), both with their own light
harvesting complexes - LHCI and LHCII.

PSl is the most efficient light-to-energy
conversion apparatus with quantum yield almost
equal to 1 [1]. One of the conditions needed for
high efficiency is very fast energy transfer between
the molecules in light harvesting complex (LHCI).
Light-harvesting complex of PSI absorbs and
emits light at the longest wavelengths compared
to other pigment-protein complexes. In plants,
light harvesting antenna of PSI is composed of
four species of LHCI complexes. They all have
very similar structure; however, their spectral
properties are different.

The excitation dynamics in LHCI is highly
affected by the charge-transfer (CT) states that
occur between two or more pigments [2]. Some
sites in which CT states occur in LHCI are known;
however, they do not completely explain the
spectral properties of this antenna, such as the
red-shifted peak in fluorescence spectrum. The
energy of the excited states of pigments
(including the CT states) are highly affected by
the surrounding environment, consisting of other
pigments (chlorophylls and carotenoids) and the
protein chain. Therefore, it is necessary to
account for the environment to model light-
harvesting complexes properly.

LHCI structure was obtained as the 1Ist-4th
chains of PSI complex structure [3] (see Fig. 1),
freely available at Protein Data Bank (PDB ID:
5L8R). We calculated the distances between the
chlorophyll molecules (Mg-Mg distance) in
Lhcal-4 complexes and selected chlorophyll
pairs that are no further than 12.5 A. The possible
charge-transfer states in all four Lhca complexes
were found by evaluating the distribution of
Mulliken partial charges between the pigments of
the dimers as well as the values of static and
transfer dipole moments of the dimers. We then
performed quantum chemical calculations to
obtain energies of these chlorophyll dimer CT
states /in vacuo using “VU HPC Saulétekis”
supercomputer.

The dimers of interest were then surrounded
by the environment once again. For all four
protein chains, we estimated the most probable

protonation pattern in neutral solution using
Henderson-Hasselbalch equation. We then
included the environment (chlorophylls, carote-
noids and the protein chain) in our calculations
by obtaining atomic partial charges of both
environmental blocks and the dimers of interest
and evaluating the electrostatic interaction
between these charges using CDC (charge-
density coupling) method [4]:

(4™ s9)-0{™ ©.0)ai(0,0)
COEMO)
|r;™-RJ|

M

1
AE, = QZI Zn,]

Here &4 denotes the effective dielectric
constant of the environment, m is the index for

the dimer of interest and q,(m)(s,s) ir q,(m)(0,0)
are the partial charges of this dimer in the excited
and the ground state, respectively. q}")(0,0)

denotes the partial charges of the remaining
pigments and the amino acids surrounding this

dimer. R™ and R{” denote the coordinates of

the charges of the dimer of interest and the
environmental blocks, respectively.

PsI
\ branduolys

Fig. 1. The structure of Photosystem | (PDB ID: 5L8R).
The protein chain is depicted in various colors,
representing PSI core and four light harvesting
complexes Lhcal-4. Chlorophyll molecules are
depicted in green and carotenoids - in orange.
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HIBRIDINIY MIKROGUMBELIY GARDELIY DYDZIO |TAKA
PLAZMONU REZONANSO SUZADINIMO KOKYBEI

Rodrigas Liudvinavicius, Evaldas Stankevicius

Fiziniy ir technologijos moksly centras, Lazeriniy technologijy skyrius
Savanoriy per. 231, LT-02300 Vilnius, el. p.: rodrigas.liudvinavicius@ftmc.It

Pastaraisiais metais nanotechnologijy sritis
sulaukia vis daugiau démesio dél sékmingo
nanostruktdry taikymo jutikliy gamyboje ir naujy
optiniy prietaisy kdrime [1]. Tarp sékmingy
nanoprietaisy svarby vaidmenj atlieka metalo
nanostruktdros, ypac pagamintos iS tauriyjy
metaly, pavyzdziui, aukso ar sidabro. Sios
medziagos iSsiskiria bei pasizymi unikaliomis ir
stipriomis plazmoninémis savybémis, apibu-
dinancCiomis Sviesos ir nanostruktdry saveika.

Plazmoninés nanostruktdros daznai
gaminamos naudojant elektrony pluosto (e-
beam) ir fokusuoto jony pluosto (FIB) litografijos
metodais. Taciau Sie bldai turi trikumy, susijusiy
su periodisSkumo skiriamaja geba ir gamybos
sgnaudomis. Naujausi pasiekimai lazerinio
apdirbimo srityje, pavyzdziui tiesioginiame
lazeriniame rasyme (TLR) yra nauja alternatyva
litografiniams metodams. Naudojant TLR, galima
tiesiai ant plony metaliniy pavirSiy formuoti
skirtingas struktaras. Sis metodas pasizymi ir tuo,
jog yra ekonomiskas ir suteikia galimybe
tiesiogiai valdyti struktlros parametrus. Siame
tyrime mikrogumbeliy formavimo procesas buvo
atliktas naudojant TLR, tuo pat metu remiantis
pacios medziagos, aukso tamprumo ir takumo
savybémis.

Nepaisant tiesioginio lazerinio rasymo
privalumy, visgi kyla sunkumy paseikiant stipry
optinj atsaka, nulemta rezonanso sugerties dél
plazmony mody hibridizacijos efekto. Tyrime yra
aptariami optinio plazmony atsako gerinimo
bldai, pavyzdziui periodo tarp mikrostrutdry
mazinimas bei periodinés gardelés masyvo
didinimas. Taip pat, matavimo pluostg ribojanciy
apertdry pasitelkimas, norint efektyviau
iSmatuoti struktlrizuoto aukso pavirsiaus plota.
Atsirandant keliems gamybos proceso ir
matavimo kintamiesiems, atsiranda ir poreikis
optimizuoti visg formavimo procesa. Tokiu badu
iSlaikant geriausig santykj tarp dariniy masyvo
formavimo laiko ir optinio rezonanso sugerties
signalo.

Siame darbe yra aptariami mikrogumbeliy
masyvo dydzio jtaka plazmoninio suzadinimo
kokybés parametrams (Q ir MQ kokybés
parametrai). Tyrimas taip pat apima ir suformuoty
gardeliy jvertinimo proceso patobulinimus,
pateikiami bldai kaip efektyviau yra jvertinama
plazmoniniy gardeliy optinis atsakas - rezonanso
sugertis. Tai yra atliekama, panaudojant
papildomas apertiras, skirtingo dydzio ir formos,
ribojancias matavimo pluosto dyd,.

1 pav. Aukso mikrogumbeliy plonoje 50 nm dangoje
SEM nuotrauka. Periodas tarp dariniy 550 nm.
Mikrostruktdros buvo suformuotos naudojant 0,6 nJ
energijos lazerio impulsa.
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2 pav. Aukso mikrogumbeliy gardelés gamybos
trukmés priklausomybé nuo gardelés ploto.
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POLYMER-BASED METALENSES FOR
THz BEAM ENGINEERING
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The rapid development of terahertz (THz)
technology and its promising implementations in
communications, security and other industries
stimulates high demand for compact photonic
components. Since conventional passive optics
are bulky and severely limit the packaging
options for photonic circuits, THz metamaterials-
based photonics has attracted considerable
attention. One of attractive options are
metalenses, which are flat and flexible compared
to conventional lenses and allow compact
photonic integration into various optical devices
and circuits. Generally, such metalenses are
fabricated from highly conductive metallic
materials to couple the THz field to the meta-
surface cells.

In this work, we explore an alternative
approach by using conductive polymers as the
base material for the fabrication of metalenses.
This brings several key advantages as polymers
can be processed using solution-based methods
and require lower laser patterning energies,
which is particularly beneficial when depositing
metalenses on sensitive substrates.

Three different polymers - Clevios™ SV3,
Clevios™ PH1000 and FET3 - were selected for
metalens fabrication and designed for frequency
of 300 GHz. For comparison, samples made from

PH1000

metal and graphite are studied. Beam shaping
and spectral properties were investigated.
Measurements show a good focusing and rather
strong conductivity-dependent performance of
the photonic components.

)

32083
2939990

Fig. 1. Microscopic image of polymer metalens
and its schematic design parameters.
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Fig. 2. Spatial beam distribution of the focused
THz radiation using metalens based on PH1000.
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UNRAVELING THE IMPACT OF BIOMASS BURNING
THROUGH ISOTOPIC COMPOSITION
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Biomass burning aerosols are significant source of
atmospheric aerosols, releasing a diverse mixture of
particles and gases into the atmosphere [1]. The
impacts of biomass burning aerosols extend beyond
local and regional scales, as they can be transported
over long distances by atmospheric circulation,
affecting air quality and climate in remote regions [2].
This work provides the analysis of aerosols produced
from a range of biomass fuels (17 types of wood) and
coal, focusing on their isotopic signatures of total
carbon, elemental carbon, and organic carbon at
various temperature stages. The design of experiment
was crafted to closely replicate normal conditions,
aligning with the typical heating practices observed
during winter in domestic settings in Lithuania. The
results demonstrate a broad distribution of isotopic
signatures of the carbon isotopes (613C) across
different plant species used for biomass burning (BB)
experiment. The isotopic variability at lower
temperatures is exhibiting greater diversity compared
to those at higher temperatures (350 °C and 650 °C).
The analysis highlights distinct isotopic signatures
between Cz and C4 plants, with C4 corn displaying less

negative 5'3C values (~-12%0), while Cz species like
willow and oak showing more negative values (~-29%o
to -31%0). The elemental carbon (EC) consistently
shows more negative 3'3C values comparing to TC
across most species, indicating isotopic fractionation
during its formation. Furthermore, the fractionation
factor (&) analysis highlights that while most species

show ¢ values clustering around zero, indicating
minimal fractionation between biomass burning
materials and aerosol particles, coal exhibits unique
isotopic behavior with higher positive ¢ values. The
overall isotopic composition revealed the differences
between BB material indicating that different plants
and coal possess distinct isotopic signatures. During
this study, we aim to enhance our understanding of
biomass burning aerosols and their broader
environmental implications.
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Masininis mokymasis Siandien yra viena i$
populiariausiy ir sparciai besivystanciy technologiju,
turinciy didelj poveikj jvairioms pramonés Sakoms ir
kasdieniam gyvenimui. Mokslinéje literatdroje
daugéja darby, kurie parodo, kad masininis
mokymas gali bdti panaudotas jvairiy procesy
optimizavimui, kaip sudétingy kompozity liejimas
[11, jutikliy duomeny apdorojimas [2] ir pan.

Populiariausia anteny elektromagnetinio
modeliavimo metodika yra pagrjsta baigtiniy
skirtumy laiko skaléje (angl. Finite-Difference
Time-Domain) metodu. Pagrindiné Sios metodikos
idéja yra spresti diskretizuotas Maksvelo lygtis
erdvéje ir laike. Antena ir erdvé aplink jg yra
padalinama j celes ir jose skaiciuojamas elektromag-
netinio lauko dedamosios. Diferencijuoto Gauso
formos zadinimo signalas sklinda tiriamoje erdvéje ir
saveikauja su antena. Zinodami elektromagnetinio
lauko kitimg antenoje ir aplink jg galime suskaiciuoti
kokia dalis energijos buvo sugerta, iSspinduliuota,
kokia dalis atsispindéjo ir sugrjzo atgal | Zadinimo
altinj. Sis procesas naudoja didelius skaic¢iavimo
resursus, o kad iSsamiai iSnagrinéti anteng reikia ne
tik zinoti jos elektromagnetiniy parametry daznines
charakteristikas bet ir jy priklausomybes nuo
antenos geometriniy parametry. Atliekant daug
modeliavimy net ir nepriekaistingai apdorojant
duomenis yra sunku atskirti ir apibrézti kokia jtaka
konkretus parametras turi antenos veikimui. Taip pat
néra lengva optimizuoti antena, kai pasikeicia
poreikiai, pavyzdziui, reikia panaudoti kita medziaga
su kita dielektrine skvarba, arba, reikia, kad antena
veikty kitame daznyje. Sias problemas gali padéti
iSspresti masininis mokymas.

Siame darbe parodéme, kad turint pakankama
kiekj modeliavimo duomeny, galime taikyti
dirbtinio intelekto (D) metodus, konkreciai
masininj mokymasi, kad jvertintume antenos
geometriniy parametry jtaka jos veikimui. Tam
tikslui duomenis sugrupuojame | ypatybes ir
tikslines vertes (angl. features and target values).
Ypatybés gali bati antenos geometriniai
parametrai (1 pav.), o tikslinés vertés - elektro-
magnetinés charakteristikos: antenos rezonansinis
daznis, atspindzio koeficientas ir stiprinimas.
Darbe parodysime, kad apmoke modelj galésime
padaryti iSvadas apie geometriniy parametry jtaka
apsibréztoms tikslinéms vertéms.

Siam tikslui buvo surinkti 121 mikrojuostelinés
antenos atspindzio koeficiento priklausomybés
nuo daznio, kur buvo kei¢iamas tik antenos ilgis ir
plotis nuo 20 mm iki 30 mm. Panaudojant Siuos
duomenis buvo apmokytas DI algoritmas Random
Forest Reggressor. Naudojant jrankj SHAP (angl.

SHapley Additive exPlanations) atvaizdavome
kokig jtaka antenos ilgis ir plotis daro antenos
rezonansiniam dazniui, rezonanso gyliui bei
stiprinimui (2 pav.). Spalva zymi geometrinio
parametro dydj, o padétis rodo, ar pasirinkta
tiksliné verté didéja, ar mazéja. Sukurtas modelis
gali ne tik pateikti Sias jzvalgas, bet ir suprojektuoti
antena, kuri veikty norimame dazniy ruoze.
——— SBX

\
\

———ANTX=—=, \

N

\ ANTY ‘sgy
X INSX N
\M\, h\ > \\
TR \
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1 pav. Galimos mikrojuostelinés antenos ypatybés arba
geometriniai parametrai.
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&
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[
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&
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©)
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L
e oo =
Length USRS em bs - [
e
Width 2
&

Low
SHAP value (impact on model output)

2 pav. Antenos ilgio ir plocio jtaka masininio mokymo

algoritmui (SHAP jrankis), a - rezonansiniam dazniui, b

- atspindzio koeficientui, ¢ - stiprinimui.

MasSininis mokymas turi potencialg palengvinti
anteny modeliavima, bei suteikti jrankiy patogiam
modeliavimo rezultaty apibendrinimui. Sio darbo
metu buvo siekiama palyginti kelis algoritmus,
patikrinti sukurto modelio patikimuma, bei jtraukti
kitus antenos geometrinius parametrus.
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Biosensors are analytical devices designed to
convert biological reactions occurring within
living organisms into measurable electrical
signhals such as resistance, current, and electrical
conductivity [1]. Their wide application comes
from their capability to perform rapid
measurements and detect analyte
concentrations as low as nanomolar levels. [2].
This sensitivity makes them indispensable tools
in fields such as medical diagnostics,
environmental monitoring, and food safety. The
initial step in developing biosensors involves
modifying the surface of the working electrode,
which significantly impacts sensor performance.
Among various techniques, the formation of a
self-assembled monolayer (SAM) on the
electrode surface is employed due to its
performance and structure, affecting the
application and use of the biosensor.

In this study, the screen-printed electrode
(SPE) was modified in two stages to optimise its
electrochemical properties for biosensing
applications. |Initially, a thin layer of gold
nanostructures (AuNS) was deposited on the
SPE surface. Subsequently, SAMs of different
compositions were formed on the
AuNS-modified SPE electrode surface.

The impact of the SAM formation and its
constituent molecules on the electrochemical
properties of the AuNS-coated SPE electrode
was evaluated using square wave voltammetry
(SWV) and electrochemical impedance
spectroscopy (EIS).

The successful formation of the SAM was verified
by an increase in charge transfer resistance and
a decrease in current density, compared to the
results observed when the working electrode
surface was coated only with AuNS.

These changes suggest the potential of this
modified electrochemical system as a robust
platform for biosensor development, offering
increased sensitivity, adaptability, and potential
for integration into real-world diagnostic tools.
Future work could focus on optimising the SAM
composition for specific biomolecular targets,
enabling the development of highly specific and
versatile biosensors for various clinical and
environmental applications.
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REMOVAL OF LEAD (IlI) FROM AQUEOUS SOLUTION BY BUCKWHEAT
(FAGOPYRUM ESCULENTUM) HULL AS A LOW-COST BIOSORBENT:
KINETIC, EQUILIBRIUM AND THERMODYNAMIC STUDIES
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Water is the main constituent of the hydrosphere
as well as a basic component in all life forms (e.g.:
plants, microorganisms, animals, fishes, and
humans) for food and nutrient transportation
and thermoregulation across their bodies. In
industries, water is also used for processing,
diluting  products, temperature regulation,
cleaning, and various other purposes. Wastewater
from petroleum, metal refinery, paint, chemical
plants, textiles, and steel industries contains heavy
metals such as Cu?*, Ni?*, Zn?*, Pb?*, Hg?* and Cr3*.
The exposure of this contaminated wastewater to
the environment is a major cause of water pollution
as these heavy metals have hazardous effects on
all life forms making it a big concern for
environmentalists [1].

Consumption of lead ) even in small
amounts leads to severe diseases such as
anaemia, hepatitis, and encephalopathy. It also
can cause central nervous system disorder and
irreversible brain damage. Furthermore, long-
term exposure to Pb(ll) affects human hearing,
learning ability, growth, and central nervous
system of children [2].

Filtration, precipitation, carbon adsorption,
ion exchange, evaporation, electrochemical
processes redox, electrowinning, reverse osmosis
pre-concentration, chelation, membrane
technology, and wastewater coagulation are few
examples of wastewater cleaning methods [3].
Nowadays a promising technique called as
biosorption, a process involving treatment of
effluents for removal of heavy metals, is a highly
sensitive technique. Being more efficient this
technique provides various benefits than
conventional techniques as it requires minimal
technical expertise, cost-effective, and also
produces less biological /chemical sludge [4].

This research aims to evaluate the
effectiveness of  buckwheat (Fagopyrum
esculentum) hull as a cost- effective biosorbent
for the removal of lead () from aqueous
solutions. The objectives include studying the
adsorption kinetics, equilibrium isotherms along
with thermodynamic parameters to understand
the mechanism and feasibility of the process.

Buckwheat hull was characterized by determi-
ning their physicochemical properties using
analytical methods such as FTIR, SEM, EDX, and
pH of zero-point charge.

The pHpzc value for buckwheat hull is around
5.4, which indicates that surface of buckwheat
hull has positive charge at below pH value of 5.4
and have negative charge above pH value of 5.4.
Due to repulsive electrostatic interactions
between lead (ll) and the positively charged
surface of buckwheat hull below pH value of 5.4,
biosorption of lead () is unfavorable. The
maximum lead () adsorption by buckwheat
hulls was 96.7% at pH 6, contact time for 180 min,
the initial lead concentration of 50 mg/L, the
temperature of 25 °C, and biosorbent dose of
0.1 0.

The equilibrium study shows a high value of
the regression correlation coefficient (R? = 0.95)
for the Langmuir model, which is the best fit for
the biosorption of Pb (I) in buckwheat hull with
a sorption capacity of 96.15 mg g'. The
adsorption of lead (lI) presented a pseudo-
second-order kinetics and the study of
thermodynamic parameters discovered that the
lead () adsorption on buckwheat hull is a non-
spontaneous and exothermic process.
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PILNO LAUKO OPTINE KOHERENCINE TOMOGRAFIJA SU MAZAIS
KOHERENTINIAIS TRIUKSMAIS
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Optiné koherentiné tomografija (OKT) vyra
neinvazinis metodas, placiai taikomas trimaciam
tinklainés vaizdinimui, kuris padeda aptikti,
diagnozuoti ir stebéti jvairias tinklainés ligas. Vis
délto, OKT technologija vis dar susiduria su
iSSUkiais, susijusiais su optine skyra, greic¢iu ir
vaizdinimo gyliu. Siekiant padidinti OKT vaizdinimo
greitj, neseniai buvo sukurta Furjé erdvés pilnojo
lauko OKT (PL-OKT) technologija, kuri naudoja itin
greitag kamerg ir derinamo bangos ilgio lazerinj
Saltinj trimaciams objekto vaizdams gauti. PL-OKT
gali uzfiksuoti interferometrinius vaizdus S giliy
biologinio audinio sluoksniy. Tac¢iau PL-OKT
efektyvuma gali riboti tarppikseliné saveika,
atsirandanti dél lazerio erdvinio koherentiskumo.
Siam triukdmui sumazinti buvo panaudota greitai
deformuojama membrana, kuri per kelias mikro-
sekundes sumazina lazerio erdvinj koherentiSkuma
[1]. Véliau buvo parodyta, kad tam paciam tikslui
galima panaudoti ir multimodinj Sviesolaidj [2].
Deja, multimodiniai Sviesolaidziai pasizymi
modaliniu triukSmu, nes pats Sviesolaidis sukuria
koherentinius artefaktus, kurie pasireiskia kaip
Sviesos démiy (angl. speckle) susidarymas
Sviesolaidzio gale. Siekdami iSvengti Siy fluktuacijy,
Siame darbe sukombinavome multimodinj
Sviesolaidj (50 um Serdies skersmens ir 200 metry
ilgio) su greitai deformuojama membrana
(Dyoptyka, , Anti-Speckle Technology Evaluation
System®), kaip parodyta Pav.1l. Besikei¢ianti
membrana sukuria jvairius fazés pasiskirstymus,
kurie keiCia lazerio bangos fronta. Tokia Sviesa,
nukreipta | Sviesolaidj, suzadina skirtingus
Sviesolaidzio mody rinkinius. Dél Sios Sviesos
randomizacijos, iSeinanti Sviesa iS Sviesolaidzio
nebesudaro ryskiy démiy, nes jvairios membranos
formos realizacijos  suvidurkina démes |
homogeniskesnj pasiskirstymg. Tokia Sviesa yra
nukreipiama | PL-OKT sistema kuri aprasyta

ankscéiau [2,3].

membrane Multi-mode fiber

sample
multimodinio
Sviesolaidzio ir membranos kombinacijg koherentinio
triukSmo sumazinimui.

1 pav. OKT sistema naudojanti

2 paveiksle pavaizduoti lIgsteliy vaizdai, gauti
naudojant multimodinio Sviesolaidzio ir membra-

nos sistema, skirtg Sviesos koherentiSkumui ir
koherentiniam triukdmui sumazinti. Cia lyginami
vaizdai, uzfiksuoti jjungus ir iSjungus membrang
skirtinguose pjldviuose. Kaip matyti i XZ ir XY
pjaviy, Sviesolaidzio ir membranos derinys
sumazina triukSma ir leidzia gauti didesnio
kontrasto vaizdus.

Axial (X2)

en face (XY)

en face (XY)

vaizdai
multimodinj Sviesolaidj (a, ¢, d) ir jo kombinacijg su
membrana (b, d, f) koherentinio triukSmo sumazinimui.
Kombinacija padeda geriau atsikratyti koherentinio
triukdmo kaip iliustruota raudonomis rodyklémis.

2 pav. Lasteliy uzregistruoti  naudojant

Sis patobulintas metodas turéty leisti aptikti
maziau kontrastingus tinklainés sluoksnius ir
lasteles, tokias kaip neuronus, kuriuos sunku
uzfiksuoti naudojant jprastas OKT technologijas.
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Tyrimo objektas yra anglies pluostu sustiprintas
plastikas (CFRP - angl. Carbon Fiber Reinforced

Plastic), plac¢iai naudojama jvairiose srityse
kompozitiné medziaga. Dél savo isskirtiniy
savybiy - lengvumo, tvirtumo, formavimo

paprastumo, atsparumo korozijai ir agresyvios
aplinkos poveikiui ir kt. turi platy pritaikyma.
Taciau visos tos puikiosios Sio kompozito
savybés sukelia ir papildomas problemas kaip
sudétingas kompozito apdorojimas, konkreciai
pjovimas, t.y. kompozito detaliy formavimas. Mes
siulome taikyti lazerinj apdorojimg auksto
intensyvumo femtosekundiniais impulsais.
Sviesos ir medziagos (CFRP) saveikos (pjavio)
vietoje dél medziagy savybiy skirtumy vyksta
skirtingi pakitimai CFRP kompozito sudedamo-
siose medziagose: anglies pluosto skaidulose ir
plastike. Dél Siy skirtumy bus jtakojama pjovimo
eiga bei kokybé.

dV/dE priklausomybé nuo energijos, 500fs

Zingsnis
[~ 0.4pm
L |
4 “ \ 0.6pm
I‘ “I 0.8pm
\
L [ 1 “1pm
6 I\ ‘I“ /,‘ 1.2pm
. o \ 1.4pm
= ™ /1
E If
Sa |/
= “. /1
© BV
Il
3L |
2l
0 2 4 6 8 10 12 14 16

Vieno pulso energija, pJ

2 pav.: AV/AE priklausomybés nuo impulso energijos
grafikas 0,4-1,6 um atstumy tarp impulsy intervale.

Siame darbe mes orientavomeés | lazerinio
apdirbimo  auks$to intensyvumo  femtose-
kundiniais impulsais tyrimus. Buvo iSabliuota po
du $imtus 0,25 mm? ploto kvadratéliy naudojant
Tpos ir 500 fs trukmés impulsus, taip pat
varijuojamas atstumas tarp impulsy nuo 0,2 um
iki 2 ym ir impulso energija nuo 1 W iki 16 WJ. Darbe
buvo naudojamas vizualinis pjavio jvertinimas
optinio mikroskopo pagalba, atliktas pjavio
salygy optimizavimas gauti geriausios kokybés ir
spartos pjavius. Gauty rezultaty
charakterizavimao ir tyrimy etape buvo
naudojama vizualizavimo mikroskopo pagalba,
scanning electron microscopy (SEM) sistema
su EDS galimybémis identifikuoti medziagy
sgstato cheminius pokycius.

87 118 O
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2 pav.: ISabliuoto kvadratélio profilis. 13ud impulsy
energija, bei daromi 0,8um zingsniai tarp impulse.
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GaAs/AlGaAs multiple quantum well (MQW)
laser diodes (LDs) are used in modern
optoelectronic components as they can operate
in the therapeutic wavelength range of 750-1200
nm [1]. In areas such as biosensors, medical
devices and integrated photonic systems, they
are attracting a lot of attention due to their
compactness and efficiency [2][3]. Optimizing
the fabrication technique of GaAs/AlGaAs LDs is
essential for their performance. This study
focuses on the fabrication and comparison of
laser diodes with weak and strong optical mode
confinement, examining how these different
fabrication techniques affect their optical and
electrical properties.

LDs with two different types of optical mode
confinement (Fig. 1.) have been fabricated using
different ridge etching techniques: shallow
etching for weak optical mode confinement and
deep etching for strong optical mode
confinement.

Weak optical
mode confinement
LD.

Strong optical mode
confinement LD.

I Cladding layer [ Substrate Active layer
[—1Dielectric [____1Metallization

Fig. 1. Two different optical mode confinement LD
structures.

Both types of diodes having various resonator
lengths were tested to investigate how these
structural changes affect their threshold current,
optical power and quantum efficiency. From the
characterization results, it was found that LDs
with strong optical mode confinement exhibit
lower threshold currents (Fig. 2.). However, they

also exhibit lower differential quantum efficiency
compared to diodes with weak optical mode
confinement, which can be explained by
electrical and optical losses due to deep etching
during fabrication.

100 T T T T T T T T

m  Weak optical mode confinement
90 - | e Strong optical mode confinement .
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L (um)
Fig. 2. Threshold current dependence on laser diode
cavity length of LD with weak (black squares) and
strong (red dots) optical mode confinement.

Ly (mA)

These findings highlight the trade-offs between
fabrication complexity and device efficiency, and
therefore provide valuable insights into how to
optimize laser diode fabrication for different
applications.
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INTERNAL QUANTUM EFFICIENCY OF GaAsBi/GaAs MQW
STRUCTURES
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GaAsBi quantum well (QW) structures have a lot
of favorable properties for optoelectronic
devices operating in the near-infrared (NIR)
region [1]. The first characteristic of GaAsBi is the
significant redshift of the bandgap with an
increase in Bi content [2]. Also, the incorporation
of Bi induces strong spin-orbit splitting,
surpassing the bandgap energy when Bi content
exceeds 10.5 %, which can have beneficial effect
of suppressing Auger recombination and inter-
valence band absorption processes [3].
Moreover, the bandgap of GaAsBi has low
sensitivity to temperature variations. Thus, the
use of the GaAsBi quantum structures as the
active medium, allows to create a tunable laser
on a well-developed GaAs platform that operates
at room temperature without additional cooling.

However, the complicated growth of GaAsBi
often leads to a high concentration of defects,
resulting in low luminescence intensity. To reduce
the defect density in such structures it is
necessary to optimize the growth of GaAsBi QWs,
which cannot be done without the investigation
of its optical properties.

For this reason, a detailed optical study using
photoluminescence (PL) technique was
conducted to investigate optical characteristics,
especially the internal quantum efficiency (IQE)
of a GaAsBi/GaAs multiple QW (MQW)
structures.

Studied structures were grown by the
molecular beam epitaxy (MBE) method as an
active area for Vertical-external-cavity surface-
emitting lasers (VECSELs) [4]. These investi-
gated structures represent new growing method
for the active area for VECSELSs, where the pairs
of QWSs are placed periodically to match the
antinodes of the optical standing wave. This
allows to have thinner structures with higher
homogeneity and enhanced PL intensities.

This study compared two samples, which were
grown at different temperatures (425 °C and
435 °C) and therefore contained different
concentrations of Bi (7.6 % and 71 %). Observed
PL bands in the room temperature PL
measurements of 1.06 eV and 1.09 eV were
assigned to optical transitions in QWs of GaAsBi.
The results from temperature dependent PL
measurements (4 - 300 K) revealed S-shaped
temperature dependence of PL peak positions in
both structures. This was explained by the high

localization effect (>30 meV), which is present
even at room temperature.

Additionally, we calculated photolumines-
cence emission efficiency, analyzed different
carrier recombination processes and
demonstrated a new method to quantitatively
evaluate the QW photoluminescence efficiency
for bismide structures. The IQE values of ~10 m%
were acquired by absolute method with an
integrating sphere and compared with a newly
developed ABB* method (see fig.l), which
includes contribution from trap-assisted Auger-
Meitner non-radiative recombination.

It should be noted that extremely low
efficiencies were associated with the low growth
temperature of the material, resulting in a high
density of defects in the material.

All in all, this work presents a new modified
method used for the IQE assesment of
GaAsBi/GaAs MQW structures, which 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.

G100} .
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Fig. 11QE evaluation using ABB* method.
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Kvantiné mechanika leidzia aprasyti mikroskopiniy
sistemy savybes. Taciau dalis taip aprasomy savybiy
gali turéti ir klasikinius atitikmenis, nors tai ne visada
yra akivaizdu. Kai kuriuos kvantinés dinamikos
aspektus galima analizuoti naudojant klasikines
sistemas, jeigu Sios aprasomos matematiskai
ekvivalentiSkomis lygtimis. Tokiy sistemy pavyzdys
yra klasikiniy ociliatoriy rinkiniai. Alexander Eisfeld ir
John S. Briggs parodé, jog nenuostovioji Srédingerio
lygtis N lygmeny sistemai gali bati visiSkai tiksliai
atvaizduota klasikinémis Hamiltono lygtimis tokiam

(a)

ir Eisfeld metodika keliy lygmeny sistemoms. Masy
darbe buvo nagrinétos keliy lygmeny disipatyvios
sistemos su neermitiniu nuo laiko priklausanciu
hamiltonianu, turinciu kompleksines tikrines vertes. 1
pav. (a) pavaizduotas dimero uzpildy bei
koherentiskumy laikiniy evoliucijy palyginimas
naudojant tikslias kvantines lygtis bei lygtis pritaikius
RCA aproksimacijg dviejy lygmeny sistemai, su
energijomis &; ir &,, kurios blsenos saveikauja tik dél
iSorinio lauko A(t). Laikoma, kad suzadinta busena
relaksuoja su sparta y | pagrindine bisena. Zinoma,

(b)

1,0000+

o ~

S 0,99994 \
—

L

0,9998 \

—— Tikslios lygtys
Lygtys su RCA

0,01+

]

*
2
—
-
=

0,004 el

Re[cic

-0,01+

0,00010+

0,00005+

|c2(1)]?

0,00000+

0 25 50 75 100 125
t [fs]

150 0 25 50 75 100 125 150

t [fs]

1 pav. Tankio operatoriaus elementy laikinés evoliucijos tikslaus kvantinio sprendinio (raudona linija) ir
sprendinio su RCA (geltona linija) palyginimas. Parametry vertés: g = 1000 cm™?, &, = 15000 cm™ 1,y =

0,5 fs™1, A(t) = Agexp (— (t_t")z) cosQ(t—ty), Ag = —8,23 cm ™ L,t; =60 fs,0 =10 fs,Q =¢, — &

202
suzadinimo energijy: (a) 0 cm™%, (b) 15000 cm™.

paciam skaicCiui sukabinty osciliatoriy, kai kvantinés
sistemos hamiltonianas yra realus ir ermitinis [1].
Vélesné ty paciy autoriy analizé apémeé ir nuo laiko
priklausancius kompleksinius hamiltonianus [2]. Vis
délto, gaunamos sukabintos osciliatoriy lygtys
bendru atveju gali bati sudétingos formos. Viena is
priezasCiy yra tai, kad gautoje klasikinéje Hamiltono
funkcijoje yra ir osciliatoriy apibendrintyjy judesio
kiekio sgveikos. Nepaisant to, jeigu kvantinés
sistemos buseny tarpusavio saveikos V,,, yra daug
mazesnés uz suzadinimo energijas ¢, ir tenkinama
salyga ¢, + &, = 2¢g, , galima pakankamai tiksliai
aprasyti  kvantine sistema naudojant Zenkliai
paprastesnes Hamiltono lygtis. Si aproksimacija
atitinka nariy p,p, (n # m) pasalinima i$ Hamiltono
funkcijos ir yra vadinama RCA aproksimacija (angl.
realistic-coupling approximation) [3].

Siame darbe buvo nagrinéjamas kvantiniy sistemy
atvaizdavimas klasikiniais osciliatoriais taikant Briggs

. Priedas prie

kad kvantiniy sistemy tankio operatoriaus elementy
priklausomybé nuo laiko nekinta pridéjus konstantg
prie diagonaliy hamiltoniano elementy. Siame darbe
parodyta, kad RCA galiojimo ribas galima zenkliai
praplésti dirbtinai pastimus suzadinimo energijy
vertes (zr. 1 pav. (b)).

Reikéty paminéti, jog klasikinémis lygtimis galima
aprasyti daug kvantiniy reiskiniy, tokiy kaip kvantinis
tuneliavimas arba interferencija. Masy tikslas ateityje
yra pritaikyti Briggs ir Eisfeld metodikg molekuliniy
sistemy spektry skaiciavimames.
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Recently small size semiconductor emitters have found
commercial success in integrated biosensing
applications. One of such examples is the optical
measurements present in wearable smart devices,
fitness trackers. One of the following vital signs that can
be measured optically is the blood oxygen content. The
technology of pulse oximetry has long been used by
employing two wavelengths one in the visible range at
660 nm and near infrared (NIR) at 940nm [1]. Whilst this
is sufficient and accurate in transmission mode devices
like finger or ear clips, there are considerable issues with
the accuracy in reflectance mode due to the difference
in penetration depth into soft tissue. A proposed
solution is utilizing two NIR wavelengths at 800 nm and
1100 nm, where the effective penetration depth is
almost the same, but the absorption differences in oxy-
/deoxy-hemoglobin remain sufficient for detection.

While emitters working at 800 nm are easily realized
via classical approach, using AlGaAs/GaAs quantum
structures, fabricating emitters working at 1100 nm is
more challenging and requires unconventional material
engineering strategies. The material system chosen for
longer wavelength operation is GaAsBi/GaAs guantum
wells (QWs). Using GaAsBi for the active region of
emitters has been shown to present a variety of
advantageous properties. First of all, substituting As
atoms with Bi results in a large bandgap reduction of 88
meV/%Bi [2]. This helps in preventing relaxation, since
a small fraction of host atoms has to be replaced to
achieve wavelengths of 1100 nm and higher, which is not
the case for other ternary GaAs based material systems.
Secondly, GaAsBi has been shown to have an
anomalously temperature insensitive bandgap, which is
a crucial advantage, when considering devices intended
room-temperature operation [3]. Finally, introduction of
Bi not only influences the band gap but also rapidly
increases the spin-orbit splitting energy, which
becomes larger than the bandgap at a Bi fraction of
10.5%, consequently suppressing one of the major non-
radiative Auger recombination channels [4].

Despite, the plethora of beneficial properties of the
alloy its growth is complicated and requires specific
technological solutions. First, a low group V (As)
overpressure is required. Since Bi and As compete for
the same sites in the GaAs lattice a stochiometric As/Ga
ratio promotes Bi introduction [5]. Additionally, growth
of GaAsBi requires a low temperature growth, with 420
°C being the threshold of incorporation [6].

This work focuses on the molecular beam epitaxy (MBE)
growth of GaAsBi/GaAs MQW structures and
fabrication of emitters operating in the range of 1050

nm to 1150 nm. All of the presented structures were
grown using a solid-state Veeco GENxplor R&D MBE
system, equipped with standard metallic sources for Ga,
Al, Bi, Be, Si and a unique As source that is both valved
and cracked providing a purely dimeric As flux, with an
ability to precisely control the flux, which is crucial, for
sensitive control of the As/Ga ratios.

For the growth of the emissive layers a temperature
limited GaAsBi growth regime was identified to be
preferred for structures with high Bi fractions (>6%). It
was realized by supplying a high Bi flux (well in excess
of maximum incorporation threshold) and controlling
the bismuth fraction by changing the temperature.
GaAsBi/GaAs MQW structures with emission in the
range from 1080 nm to 1320 nm were successfully
reproduced in the temperature interval of 305 - 365 °C.
Spatially resolved photoluminescence techniques were
utilized to observe the absence of lattice mismatch
dislocations in GaAsBi MQW structures emitting at
central wavelengths longer than 1100nm. Furthermore,
several diode structures were grown on thick (500 -
1000 nm) AlAs sacrificial layer, which is necessary for
device transfer onto a silicon-based platform. Firstly, a
GaAsBi/GaAs 5x rectangular quantum well (RQW) light
emitting diode was grown with a peak emission
registered at 1070 nm, temperature dependent
electroluminescence measurements confirm the
stability of the bandgap in a temperature range from 30
to 300 K, where an emission peak shift of only 27 nm is
observed. Moreover, a GaAsBi/GaAs 3xRQW laser
diode was produced, and lasing was registered at 1142
nm via pulsed electrical pumping at room temperature.

The work (“Apvalkalinio p - AlGaAs sluoksnio
technologijos vystymas lazeriniy diody integracijai ant
Si platformos”) was supported by the Research Council
of Lithuania under agreement no. P-ST-24-170.
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Optoelectronic devices operating in the near
infrared range (NIR) are highly demanded in
various fields, such as medicine,
telecommunications, data transferring, military,
security, environmental monitoring, etc. The
fabrication of active media of NIR light sources
that could be used for these applications is
hindered by the lack of suitable materials with
high optical performance. Although the idea to
employ quantum well (QW) structures as an
active media has been around for a while, the
guestion of how to achieve optimal optical
performance of these quantum structures still
remains. Therefore, researchers are looking for
the ways to improve luminescence properties of
QWs by studying luminescence intensity
dependence on growth parameters as well as
details of structure design.

A concept of graded barriers was firstly
mentioned back in 1987 by J. Feldmann et al. [1]
where carrier trapping into QW efficiency was
studied among GaAs/AlGaAs single quantum
wells with different barrier designs. This investi-
gation revealed trapping efficiencies reaching up
to 100% in GaAs QWs with parabolically or
linearly graded AlGaAs Dbarriers. Moreover,
GaAsBi quantum wells with parabolically graded
AlGaAs barriers exhibited significantly higher
photoluminescence (PL) intensity reported by S.
Pakiené et al. [2]. It is also important to mention
that increased PL intensity was consistently
reproducible under growth conditions.

In this work InGaAs QWs with different
designs of AlGaAs barriers were grown by
molecular beam epitaxy. PQW consists of one
rectangular 5.7 nm width InGaAs QW inserted
between 30 nm width AlGaAs parabolically
graded barriers with the content of Al grading
from 30% at the top to O% (GaAs) at the bottom
of the barriers. TrQW is one rectangular 5.7 nm
width InGaAs QW inserted between 30 nm width
AlGaAs linearly graded barriers. Reference
sample RQWs consists of twelve rectangular 5.7
nm width InGaAs QWSs separated by GaAs
barriers of 7 nm width. PL measurements were
carried out for RQWs, PQW and TrQW
structures. Room temperature PL (Fig. 1 (a))
revealed higher intensity of PQW structure
compared to TrQW and RQWs. Additionally, the
emission peak of RQWs sample is observed at
lower photon energies which could indicate
wider QWSs in this structure or smaller In

concentration in graded barrier structures (PQW
and TrQW). Such deviation of PL peak should be
taken into account when depositing quantum
structures with specific wavelength. Photolumi-
nescence measurements were also carried out in
a wide temperature range of O - 300 K and PL
peak positions as a function of temperature are
graphed in Fig. 1 (b). Measurements data were
fitted using Varshni function:

aT?

B+T

where E is the energy of material, Eo is the band
gap at O K, a describes band gap sensitivity to
temperature and B is a parameter related to
Debye temperature. Overall, it is clear that PL
intensity is improved by employing graded
barriers. Higher performance of PQW quantum
structure could be associated with more mature
growth technology of PQW structures rather
than TrQW structures.
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Fig. 1 (a) PL spectra of InGaAs/AlGaAs quantum

structures measured at room temperature. (b)

Temperature dependence of the PL peak energy.
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The urgent and significant consequences of
global industrialization are continuing to impact
the ecosystem. Millions of tons of pollutants are
being released into the water worldwide, posing
a serious threat to the health of both humans and
animals. This underscores the critical need for
the development of cost-effective, sensitive, and
environmentally safe technologies for removing
water pollutants, particularly organic dyes and
metal ions [1].

MXenes, a novel family of two-dimensional
(2D) inorganic nanomaterials, first discovered in
201, hold great promise for environmental
applications. The MXene family, with the general
structure of MnaXnTx, where M is a transition
metal, X is C and/or N, and Ty is the surface
functional group, consists of transitional metal
carbides, nitrides, and carbonitrides. Their large
surface area, simple surface functionalization,
hydrophilicity, biocompatibility, and high
adsorption capacity of both organic and
inorganic contaminants make MXenes a
promising solution for environmental challenges
[2]. Our focus here is on MXene-based
colorimetric technologies for the removal of
organic dyes and the detection of Ag® ions in
water samples.

In this study, we successfully synthesized and
applied spherical and layered -SO4 and -F
functionalized TizC,Tx MXenes for the adsorption
of Rhodamine B and Methylene blue dyes, as
model molecules. We evaluated their adsorption
capacity and reproducibility using
spectrophotometric methods. The layered
MXenes demonstrated excellent dyes removal

efficiency, were successfully regenerated and
reused. Subsequently, we investigated the
adsorption of Ag* ions by spherical MXenes,
revealing a linear correlation between Ag*
concentration and the MXene absorption
registered signal. Changes in Ag* concentration
were observed spectrophotometrically and
visually, with a noticeable color change of the
solution as the concentration of ions increased.
These successful results offer valuable insights
into the potential application of -SO4 and -F
functionalized TisC,Tx MXenes for practical
application for wastewater treatment.

Acknowledgment: This project has received
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(LMTLT), agreement No S-MIP-24-14.
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The ever-growing demand for smaller semiconductor
devices with improved physical properties, such as
reduced power consumption and higher speeds,
necessitates scaling down the distribution of impurities
alongside the crystal structure itself. One method for
achieving this is known as delta-doping, where dopants
are confined to a single or a few monolayers (ML) of the
lattice. While 3-doping with silicon (Si) and beryllium
(Be) has been extensively studied and shown to improve
carrier mobility and enable high tunability of the energy
band structure [1, 2, 3], no research has been conducted
on bismuth (Bi).

In this research, five different 5 nm-width
GaAs/AlAs quantum well (QW) structures containing 0
(reference), 1, 4, 6, and 8 ML of Bi were studied using
temperature-dependent photoluminescence (PL) and
photoreflectance (PR) techniques to assess the
feasibility of 5-doping by Bi atoms and the resulting
optical properties.

The key issue when incorporating bismuth arises
from its large atomic size, being 25% larger than As,
and 5% than Ga. This not only causes deformations of
the lattice but further requires the semiconductor to be
grown at suboptimal temperatures to minimize dopant
segregation. For this research, 3-doping with Bi was
attempted at 425°C, noticeably lower than the standard
temperature for GaAs of 600°C, which consequently
increased the concentration of defects. As a result, these
factors caused a significant reduction in PL emission- at
300 K, the signal obtained from the sample containing 1
ML of Bi was approximately 80 times weaker than that
of the reference. Nonetheless, conducted TDPL
measurements revealed that QW structures containing
<4 ML of 3-Bi exhibit new energy states below the
GaAs/AlAs QW bandgap (Fig. D.

3K

0 ML

Shifted normalized PL intensity

140 145 150 155 160 165 170 175 1.80
Photon energy (eV)

Figure 1. Photoluminescence measurements at 3 K of
the reference, alongside the structures with 1 and 4
ML of &-Bi.

In the case of photoreflectance, quantum-wells with up
to 4 ML of Bi were successfully investigated across a
wide temperature range between 3 Kand 300 K. TDPR
results, fitted to Aspnes’ first-derivative function [4],
alongside optical transition energies obtained from
TDPL measurements were analyzed by Varshni
temperature-dependent bandgap equation [5]. The
obtained o parameters— 0.65+ 0.03 meV/K? for the
reference and 0.58 + 0.03 meV/K" for the 4 ML sample—
indicate that &5-doping with Bi has the potential to
improve thermal stability.

300 K
experimental 0 MLl
Aspnes fit g

6 ML s

8 ML sz

Shifted normalized AR/R

08 09 10 11 12 13 14 15 16 17 18
Photon energy (eV)
Figure 2. 300 K photoreflectance spectra of
structures containing 0, 1, 4, 6, and 8 ML of bismuth,
fit to Aspnes’ function [4].

Furthermore, owning to the high-sensitivity of
modulation spectroscopy, measurements below
the bandgap of bulk GaAs (Fig. 2) revealed that -
doping with =6 ML of bismuth leads to the
formation of a narrow (< 5 nm) GaAsBi/GaAs QW
within the preexisting GaAs/AlAs QW structure.

Acknowledgements: this research was funded by
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24-401.
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Antimony selenium iodide (SbSel) is among the
most promising inorganic semiconductors
composed of inexpensive and abundant
chemical elements, with Eg of 1.7 eV and a high
absorption coefficient [1]. As this represents a
relatively novel solar cell technology, no efficient
SbSel heterojunction has yet been developed for
optimal extraction of light-generated charge
carriers. Based on the energy levels of SbSel and
cuprous oxide (Cuz0), heterojunction of
SbSel/Cu,O promises an efficient charge carrier
separation, however this has not been proven
experimentally. Therefore, the main objective of
our research is to fabricate Cu,O thin films via

oxidation for application in SbSel heterojunctions.

The synthesis of thin Cu,O films via oxidation by
varying pressure and temperature is also not
thoroughly discussed. Although the phase
transition diagram under equilibrium conditions
is well established for Cu-O system [2], the
kinetic part of oxidation plays a vital role when
process duration and temperature are short and
low. In this work, we systematically investigated
the Cu thin film oxidation taking into account
pressure, temperature, and time.

The experimental process begins with the
sputtering of metal copper for 200 seconds under
an argon atmosphere on FTO glass substrates via
magnetron. The substrates are then inserted into a
tube furnace for oxidation under the chosen static
pressure ranging from 1 to 1000 mbar and static
temperature ranging from 150 - 550 °C for 30
minutes. Thin films are then analyzed by X-ray
diffraction analysis, characterized via ultraviolet-
visible (UV-Vis) spectroscopy in the 300 - 1000
nm range, and surface morphology and thickness
of thin films are analyzed using scanning electron
microscopy (SEM).

A kinetic phase transition diagram (Fig. 2.) at
different pressures and temperatures was
determined, optimal conditions for pure phase
Cu20 thin film synthesis were ascertained, hence
thin films of pure Cu>O composition were used as
substrates for antimony selenium iodide
deposition. SbSel was deposited using a thermal
evaporator, thin films were then annealed at
temperatures ranging from 150 to 200 °C and a
time frame of 10 - 30 minutes, hence the optimal
annealing conditions for antimony selenium
iodide thin films were determined. Aluminum was
chosen as metal contacts for the devices, J-V
characterization was carried out as a proof of
concept. Optimal conditions for pure Cu,O thin

film synthesis were determined at 1 mbar, 500 °C
and 30 minutes. Annealing conditions of SbSel
thin films were reflected in J-V characteristics,
annealing at 150 °C for 30 minutes showed the
best diode-like behaviour.

Fig. 1. Cross-section of obtained device.
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Fig. 2. Obtained phase transition diagram.
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Full-Field Optical Coherence Tomography (FF-
OCT) is a fast, non-invasive interferometric
technique for acquiring high-resolution en face
images deep within the sample. To avoid crosstalk
in images, a low-coherence light source is used,
instead of a laser that is commonly used in
holography/interferometry [1]. However, computa-
tional aberration/defocus correction, which is
possible in Fourier-domain FF-OCT systems using
lasers [2], is challenging when using incoherent light
source, such as LED. Here we demonstrate a digital
defocus correction over a large range of defocus
values in FF-OCT employing LEDs.

camera

] [
|

tUb\tj\“ | reference
50/50_ \, delay line
Nl

mirror

Figure 1. Principal scheme of FF-OCT system. Dark blue
represents spatially incoherent LED illumination path, red,
spatially coherent laser. Green boxes indicate translation
stages equipped with stepping motors.

FF-OCT system, shown in Fig. 1, featured Linnik
interferometer with two identical objective lenses
and a spatially coherent or incoherent illumination
source. Fig. 2 shows a procedure of digital defocus
correction on a defocused resolution target.

Defocused complex-valued FF-OCT image

2=l
=
Y=
5SS

i
w=m lI=1

refocused phase corrector

Figure 2. Digital defocus correction of complex-valued FF-
OCT image of USAF target defocused by 1 mm. The complex-
valued signal, consisting of amplitude (a) and phase (b), is
Fourier-transformed (c), then multiplied by a quadratic phase
function (d), and subsequently inverse Fourier-transformed,
resulting in a refocused image (e). An in-focus image is
provided in (f) for comparison.

Figure 3 demonstrates the digital refocusing in
FF-OCT on a resolution target mounted behind a
highly scattering sample. It also compares images

acquire with LED and laser, clearly showing that
the latter fails to image the target because of the
coherence noise dominating the image.

In focus (LED)

In focus (laser)

defocused by 1 mm (LED) digitally refocused (LED)

Figure 3. Digital defocus correction in FF-OCT imaging
through highly scattering media: a demonstration using a
USAF target beneath 400 um of scattering material. (a) the
in-focus image of USAF target. (b) the same image as in (a)
but acquired with a laser. (¢) the USAF target image
defocused by 1 mm. (d) computationally refocused defocused
USAF target.

Overall, digital defocus correction of images
created with FF-OCT systems can be implemented
over a much larger range than the Depth of Field
(DOF). As DOF with used optics is 10 um, defocus
values up to 1 mm can be achieved although with
certain spatial resolution and intensity losses [3].
Alongside the use of incoherent light sources, TD-
FF-OCT holds an advantage over other holographic
microscopy techniques due to reduction in the
number of coherent artifacts granting an increase in
imaging depth. This feature can be exploited in
other important imaging scenarios, such as in vivo
retinal imaging.
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Renewable energy sources such as solar, wind
and hydroelectric energy in recent years have
become increasingly popular areas of research
due to the global trend of moving away from
fossil fuels. Solar photovoltaic systems being the
most promising renewable energy source,
theoretically capable of adequately satisfying
energy demand worldwide [1]. Third generation
organic solar cells have a great potential for a
wide range of applications and cost effective
production, as well as were shown to exhibit
certified power conversion efficiencies up to
20.0% [4, 2]. The structure of a bulk -
heterojunction organic solar cell consists of
bottom and top electrodes, interfacial layers and
an active layer. The active layer is a blend of two
organic donor-like and acceptor-like molecules
or polymers which create a pin junction [3], while
interface layers may consist of materials such as
polymers or self-assembling monolayer
materials (SAM) [5]. The investigation of
different materials suitable for BHJ organic solar
cells, most efficient device structures and their
properties increasingly gain popularity as an area
of academic interest.

In this work, inverted structure D18:Y6/PMMA
bulk-heterojunction organic solar cells with
different SAMs: 2PACz, MeO-2PACz and
polymers: PEDOT:PSS, PTAA ware investigated.
The goal was, using the photoconductivity

measurement method, to see how the charge
carrier dynamics of the solar cell change
depending on the used hole transport layer and
the intensity of illumination of the cell.
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Optical coherence tomography (OCT) is an
interferometric imaging technique, widely used for
imaging various biomedical samples. Most
standard OCT systems typically achieve an
imaging resolution of 1-10 ym axially and 3-10 ym
laterally. The axial resolution of an OCT system is
primarily determined by the spectral width (and
thus the coherence length) of the light source.
Lateral resolution, on the other hand, is
determined by the numerical aperture of the
objectives. Full-field (FF-) OCT can achieve higher
resolution—better than 1 upum—due to a
combination of factors [1,2]. Here, we demonstrate
that FF-OCT can achieve a lateral resolution of
280 nm when two microscope objectives (x100)
with a numerical aperture (NA) of 125 are
employed. We call this technique nano-FF-OCT
and showcase its potential for biomedical imaging
of both highly reflective and scattering samples.

camera

phase-shifting

s L
LED O 0. @ | mirror
100 Q

sample
Linnik interferometer
Figure 1. Principle schematics of extremely high-
resolution FF-OCT system.

FF-OCT system is shown in Fig. 1, featuring Linnik
interferometer with two identical objective lenses,
a spatially incoherent white light source (LED) and
a camera. Reference mirror is mounted on a piezo
actuator to enable phase shifting.

d) -

Figure 2. Nano-FF-OCT images of Siemens Star (a) and
USAF (b) resolution targets showing that the system
can achieve 280 nm lateral and 630 nm axial resolution.
(c) illustrates intensity line profile for both targets in
areas marked yellow, where the smallest imaged object
measures 5 pixels (280 nm) in width. (d) - axial
resolution measurement.

Fig. 2 shows resolution measurement results
demonstrating that the system can achieve
resolution better than 280 nm. To this end two
resolution target were used to confirm the results.
Figure 3 demonstrates nano-FF-OCT imaging of
an ex vivo fixed mouse gut sample mounted
behind a microscope coverslip. The entire
thickness of the gut was imaged by axially
stepping the sample in 100 nm increments.

Mye nteric plexus Cir¢ularmuscles

2 :\’o,G ﬁm

Cry‘pt_‘_s‘fPaqeth cells)-

Figure 3. Nano FF-OCT images of mouse intestinal
tissue at various depths beneath the sample surface.
Images clearly showcase various layers in the gut.

The images reveal that various layers of the gut,
including the myenteric plexus, can be
successfully visualized. Overall, nano-resolution
FF-OCT systems can be effectively employed for
biomedical sample imaging, provided the sample
is stabilized, the light source is sufficiently
powerful, and the system can maintain mechanical
optical path matching to prevent rapid signal
degradation. Along with the use of incoherent
light sources, FF-OCT offers the capability to
achieve sub-micron resolution for imaging within
the sample. This, when combined with digital
defocus correction, can contribute to faster and
more accurate diagnostics [3].
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This study presents the fabrication of palladium-
modified cobalt-phosphorus (Pd-CoP) and
cobalt-iron-phosphorus (Pd-CoFeP) coatings
deposited on the copper surface by the
electroless metal plating, followed by their
modification with Pd crystallites, and their
application for oxygen evolution (OER). The
morphology, structure, and composition of the
resulting catalytic materials were characterized
using scanning electron microscopy (SEM, Fig. 1),
energy dispersive X-ray spectroscopy, X-ray
diffraction, and inductively coupled plasma
optical emission spectroscopy, while the
electrocatalytic activity of the catalysts for the
OER in an alkaline medium was studied using
linear sweep voltammetry (LSV). The OER data
for the CoP, CoFeP, Pd-CoP, and Pd-CoFeP
catalysts are presented. It was found that the
incorporation of Fe into the CoP coating
significantly increased its activity for OER (Fig.
2). In addition, the Pd modified CoFeP also shows
higer activity for OER compared to Pd-CoP (Fig.
2). The CoFeP catalyst demonstrated the most

(c) FeCoP

30 pm

promising properties for OER.
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Fig. 2. The OER polarization curves recorded on CoP,
Pd-CoP, CoFeP and Pd-CoFeP catalysts in 1M KOH at
5 mV s and a temperature of 25-C.

(b) Pd-CoP

Fig. 1. The SEM views of CoP (a), Pd-CoP (b), CoFeP (c) and Pd-CoFeP (d) catalysts.
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The production of hydrogen by electrolysis of
water is now considered a promising and
sustainable, carbon-neutral way to produce
clean hydrogen for use as a feedstock, fuel and
energy carrier. Electrolysis is the process of
splitting water (H,O) into oxygen (Oz) and
hydrogen (H.) by passing an electric current
through the water. The focus is on the search for
efficient and low-cost anode/cathode materials
with high activity for hydrogen and oxygen
evolution reactions (HER and OER). In this study,
we investigate the deposition conditions of
nickel-iron (NiFe) binary alloy coatings using
low-cost and simple electroless metal deposition
with morpholine borane (MB, C4HsONH-BHz) as a
reducing agent, with the aim of using them as
anode/cathode catalysts for hydrogen
production by water splitting. The morphology,
structure, and composition of NiFe/Cu catalysts
were investigated by scanning electron
microscopy (SEM), energy dispersive X-ray
spectroscopy (EDX), X-ray diffraction (XRD),
and inductively coupled plasma optical emission
spectroscopy (ICP-OES).

It has been determined that NigoFeio, NigoFezo,
NigsoFes0, and NizoFeso coatings were deposited
on the Cu surface, then the concentration of Fe?*
in the plating solution was 0.5 mM, 1 mM, 5 mM,
and 10 mM, respectively. The deposition rate for
the NigoFem, NisoFezo, NieoFe4o, and Ni3o|:e7o
coatings was approximately 2.6, 3.6, 1.1, and 1.4
mg cm™ h7, respectively. It was found that
nickel-iron produces a layer of granular nickel-
iron particles up to two hundred nanometers in
size. XRD analysis confirms the deposition of
NiFe alloys. Hydrogen and oxygen evolution was
investigated on the obtained catalysts in Nj-
deaerated 1 M KOH solution (Figs. 1 and 2).

The lowest onset potential (Eonset) of —0.0928
V exhibits the NigoFexo catalyst compared to the
NigoFem, NizoFe7o, and NisoFe4o. In addition, this
catalyst shows the highest current density at
-0.45V (Fig. 1. It was found that the NigoFe.o/Cu
catalyst exhibited the lowest overpotential value
of -202.7 mV for the HER to obtain a current
density of 10 mA cm2 compared to NigoFen/Cu
(-211.9  mV), NigoFeso/Cu (-276.3 mV),
NizoFeso/Cu (-278.4 mV), and Ni (-303.4 mV).

The most promising composition of NiFe is Ni
80 at.% and Fe 20 at.% for efficient HER.
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Fig. 1. HER polarization curves of Ni, NisoFe1o, NisoFe2o,
NisoFeso, and NizoFe7o catalysts in Nz-saturated 1 M
KOH solution at a potential scan rate of 2 mV s,
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Fig. 2. OER polarization curves of NisoFeio, NigoFe2o,
NisoFeso, and NizoFe7o catalysts in N2-saturated 1 M
KOH solution at a potential scan rate of 2 mV s,

The lowest OER overpotential (344.7 mV)
was observed for the NigoFeso/Cu catalyst to
obtain a current density of 10 mA cm™@ as
compared with the NisoFeso/Cu catalyst (369.9
mV), NigoFezo/Cu (450.2 mV), NigoFeo/Cu (454.2
mV), and Ni (532.1 mV).

The obtained catalysts seem to be suitable
flexible catalysts for HER and OER in alkaline
media.
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Sterically hindered phosphine ligands are an
essential part of transition metal catalysis in
organic chemistry.! In particular, di-tert-alkyl
phosphines serve as building blocks for these
ligands. However, their synthesis remains
cumbersome, involving highly reactive and
hazardous reagents along with non-trivial
laboratory techniques.??

In an attempt to simplify this synthesis, we
developed a new method for the preparation of
di-tert-alkyl phosphonium triflate salts. In our
approach phosphine nucleophile is generated
from P(TMS)s which reacts in an umpolung (P
/C*) manner with tertiary acetates to produce di-
tert-alkyl phosphine triflates. Furthermore, final
products are easily isolatable and air-stable,
easing further ligand synthesis.

Ho
Me E Me
SEa
2 2

In recent years chemoenzymatic synthesis has
proved to be a greener alternative to chemical
synthesis in a lot of instances. Despite this,
tertiary acetates are currently synthesized
exclusively chemically, as only a small number of
enzymes capable of recognizing tertiary
acetates as substrates have been identified.®

Since the enzymatic esterification reaction is
reversible, in this work various esterases were
successfully tested in tertiary acetate hydrolysis
reactions providing more insight in this limited
area of research.

TfO

AcO_ Me  P(TMS)3

TfOH, DCM

R Ry

HO Me Esterase AcO Me
R Ry R Ry
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Terahertz photonics is a rapidly developing
optoelectronics area with an ability to penetrate
dielectric materials. This enables detailed
material and object analysis in the frequency
range of 0.1 THz - 10 THz [1]. Traditional THz
systems rely on Gaussian beam-forming
components, where radiation is focused into a
single spot. However, these systems are difficult
to align and there is a lack of innovative optical
component applications that could expand their
capabilities. Here structured light components
such as Airy and Bessel lenses come into the
spotlight offering potential imaging system
contrast improvements [2,3].

In this research THz structured light
components were manufactured, characterized
and employed in an imaging system. 3D printing
method allowed to create highly customizable
and easy-to-obtain  optical components.
Characterization showed the successful
operation of the lenses, where for Gaussian lens
the radiation was focused in one spot, Bessel lens
created uniform light distribution along optical
lenses, and Airy radiation had a parabolic
trajectory. For imaging evaluation, three
beforementioned lenses were arranged in
different combinations for THz focusing and
collection from object plane [Figure 1. a)].

It became evident, that Gaussian lenses are
still the way to go in order to achieve the best
contrast [Figure 1. b)]. Additionally, by using
structured light components to collect the
radiation, the image contrast was not affected
greatly [Figure 1. b)], but such compositions
allow for a system to be less sensitive for
misalignments. For radiation focusing, structured
light components were found out to not be as
effective contrast-wise [Figure 1. b)], but the
objects can still be distinguished, meaning such
composition can still be used for detection and
have the all benefits of structured light.

a)

X (mm) X (mm)

Figure 1. a) Measurement set-up: E - 253GHz CMOS
emitter, PM - parabolic mirror, L - lenses, S - sample,
D - CMOS detector (Colpitts oscillator) b) contrast
evaluation for different lens combinations (two letters
denote focusing and collecting lens respectively).
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Terahertz (THz) radiation consists of electro-
magnetic waves in the mm-um range, within the
0.1-10 THz spectrum [1]. It is low-energy, non-
ionizing radiation, and its generation and
detection rely on electronics and photonics
methods due to its unique spectral position [2].
A key advantage of THz radiation is its ability to
penetrate materials like paper, rubber, plastic,
and textiles, enabling applications in security,
manufacturing quality control, biological tissue
analysis, and imaging [3]. Traditional THz
imaging systems are bulky and costly, but
miniaturization using flat diffractive optics and
metamaterials has led to metalenses. These
lenses, incorporating complementary split-ring
resonators (CSRR), can focus light and rotate
polarization [4][5].

This research focused on developing
innovative 250 GHz metalens designs, followed
by functionality testing, characterization, and
integration into an imaging system. The design
combines traditional Fresnel multi-step zone
plate geometries with CSRR metaatoms of
different sizes to provide the necessary phase
delay for the lens. Suitable CSRR metaatoms
were identified through numerical frequency-
domain simulations using the CST Studio Suite
with the EM Studio package, where different
sizes and geometrical parameters were tested.
Four CSRR combinations were selected for
implementation in two- and four-zone diffractive
lens geometries. The key feature of these
combinations is the high transmission at 250 GHz
and the coordinated phase delay, ensuring
constructive interference at the lens focus.

The designed and simulated metalenses were
manufactured using laser ablation technology
[5] and experimentally characterized. The
detected signal values along the optical axis and
in the focal plane (Fig. 1) demonstrate the real
focusing capabilities of the metalenses. The
metalens of design D2 exhibited excellent
focusing characteristics for rotated polarization
(F=30mm, FWHMz=7.6 mm; FWHMx=1.54 mm).
Metalens bending influence was also
investigated. The uniaxial bending of the
metalens was performed using a specially 3D-
printed holder. The bending was measured by
the ratio of the bent to flat metalens diameter,
I/D. As this value decreases (i.e., as bending
increases), the beam’s focal width grows, and
intensity decreases (Fig. 2).

Due to small focal spot achievable with D2
metalens, It was applied for object imaging.
Results show that D2 is suitable for object
imaging and achieves a resolution of 0.63x .
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Fig. 1. Experimentally measured 1D images of the
focused beam by the D1, D2, D3, and D4 design
metalenses were experimentally measured along
the optical axis and in the focal plane.
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Fig. 2. Bending influence to intensity in focal
point of D2 metalens. Bent ration is I/D.
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Additive manufacturing (AM) is a novel
technique intended for the production of 3D
objects as it is possible to make complicated
geometrical shaped components [1]. Of all the
metal AM methods, Direct Metal Laser Sintering
(DMLS) is the most widely used. DMLS employs
metal powders that are selectively sintered and
fused, layer upon layer, with the aid of a laser
beam to fabricate objects [2]. Although many of
the metals and alloys can be used, it is still
difficult to achieve reliable and high standards
with iron alloys. One of the other challenges
confronted in DMLS is the management of
energy density to determine porosity,
microstructure and  fabrication materials
properties. In addition, incorrect specimen
location can appreciably lessen the part quality
particularly the surface quality.

This work considers the role of specimen
placement on the surface finish of 17-4PH
stainless steel parts produced using an EOSINT
M280 machine. The relation between specimen

positions on the build platform and printed part
surface qualities in terms of surface roughness
was observed through the use of an optical
profiler.

50 I I I I T T T T

45

m
B
(=]

T
-

|

35 - T\\

of l\l ]

25 "~ i
2r | .\,/'\-

10 F 1

Surface Roughness (RA), H

5 P P - | — L L L 1

0 10 20 30 40 S0 B0 70 80 90
Rotation angle,®

Fig. 1. Influence of specimen positioning angle on
specimen top surface roughness.
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AZURE A AND METHYLENE BLUE DYES REMOVAL USING
ADSORPTION METHOD AND MXene NANOSTRUCTURES

Germanté Paulikaité!, Martynas Talaikis?, Gediminas Niaura?, Simonas Ramanavic¢ius?

Departament of Physical Chemistry, Vilnius University Faculty of Chemistry and Geoscience,
Naugarduko g. 24, 03225 Vilnius, email: germante.paulikaite@chgf.stud.vu.lt

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

MXenes are new generation 2D material class
which were discovered at Drexler University in
2011 and have huge scientific attraction due to
unique plasmonic, hydrophilic, electrical and
mechanical properties [1]. Moreover, these
nanostructures possess unique and complex
surface chemistry resulting in distinctive
properties and applications.

The first and most studied MXene structure is
TsC,Tx. Synthesis method includes selective
etching method using HF acid and TizAIC;
precursor. By possessing this synthesis metho-
dology sheet-like structure is obtained which is
favourable by being most stable in various
conditions and wide range us practical use.

MXenes are being studied both for their
distinctive properties and for their potential use
in a variety of applications. Nowadays MXenes
are applied in Raman spectroscopy [2], biofuel
elements [3], lithium and sodium ions batteries
[4], and many other applications. Considering
complex MXene surface and interaction with
other organic molecules these structures are
highly adaptable in adsorbents and wide range
of sensors technologies. There is a growing body
of research dedicated to creating diverse surface
plasmon resonance sensors by leveraging the
plasmonic properties of MXenes.

In this study, large surface area MXene
nanostructures were obtained by using TizAIC,
precursor and selective etching in concentrated
HF acid resulting in advantageous molecular
interaction with other molecules. Methylene Blue
and Azure A were chosen as model molecules to
investigate interaction with MXenes. Because
MXenes are highly effective at cation adsorption
in aqueous solutions, a study was carried out
using constant sodium ion concentration solution
at a pH range of 3-6. This created steady
conditions and resulted in changes in adsorption
capacity that are related to pH levels. For
adsorption capacity evaluation - spectropho-
tometric method was used to indicate Methylene
Blue and Azure A absorption intensity peak
change (Fig. 1).

It was determined that MXenes surface obtained
by selective etching with HF acid is highly
suitable for organic molecules adsorption. This
feature cab be extensively utilized in different

kinds of sensors and water treatment
technologies.
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Fig. 1. Visible light absorption of Methylene Blue and
Azure A before and after interaction with MXenes.
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