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LUMINESCENCE LINESHAPE OF THE G-CENTER
IN SILICON FROM AB-INITIO CALCULATIONS

Rokas Silkinis, Lukas Razinkovas, Vytautas Zalandauskas, Audrius Alkauskas

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

In recent years, quantum technologies have
been at the forefront of scientific interest due to
a vast array of possible applications in sensing,
communications, and computing. Optically-
active single point defects in crystals, capable
of emitting light as single photons, are of
particular interest, which could be used for
long-distance exchange of information [1]. The
so called G-center, thought to be composed of
an interstitial-substitutional carbon pair (C;Cs) in
silicon, is one of such defects [2, 3, 4]. It emits
light at telecom wavelengths of 1280 nm
(0.969 eV) and is thus a suitable candidate for a
telecom-range single-photon source [5].

In this work, we present a theoretical analysis of
the luminescence lineshape [6] of the C,Cg
defect in silicon. We performed first-principles
density functional theory (DFT) calculations
using the Perdew-Burke-Ernzerhof (PBE) [7]
and the strongly-constrained and appropriately-
normed (SCAN) meta-GGA [8] exchange-
correlation functionals. Currently, our calculated
zero-phonon line (ZPL) energies with PBE and
SCAN functionals are respectively 0.709 eV and
0.901eV, which are comparable to the
experimental value of 0.969 eV. The calculated
lineshapes conform with the experimental
results for the G-center, and this reinforces the
conclusion that the G-center is indeed the C,Cs
pair.
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THE APPLICATION OF SCAN DENSITY FUNTIONAL TO COLOUR
CENTRES IN DIAMOND
Vytautas Zalandauskas, Marek Maciaszek, Lukas Razinkovas,
Rokas Silkinis, Audrius Alkauskas

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

In last decades, the Kohn-Sham density
functional theory (DFT) has become the main
tool to investigate the atomic and the electronic
structure of solids. While being in principle exact,
the theory needs to invoke approximations to
the exchange-correlation (XC) contribution to
the total energy, as the exact form of this
contribution is unknown. Currently, the most
popular functionals applied to solids are
semilocal functionals based on the generalized-
gradient approximation (GGA), and hybrid
functionals [1][2]. The drawback of the GGA
functionals is the under-estimation of the band
gap of semiconductors and insulators. Hybrid
functionals provide an improved description of
the electronic structure, including the band gap,
with at a much increased computational cost.

In 2015, a new semilocal meta-GGA class
functional SCAN was introduced [3]. The
advantages offered by the SCAN functional are
particularly relevant for point defects in solids
which are most conveniently modelled using the
supercell-approach. However, despite an
increasing popularity of the SCAN functional in
modeling bulk materials, its application to
defects has been scarce so far.

In this work, we benchmarked the SCAN density
functional for colour centres in diamond. Our
chosen defects were: the nitrogen-vacancy (NV)
centre, the silicon-vacancy (SiV) centre, the
germanium-vacancy (GeV) centre and the tin-
vacancy (SnV) centre. Over the past two
decades, these colour centres have gained
prominence in various guantum-technological
applications, in particular in quantum sensing
and quantum communication. Our goal was to
compare the parameters computed with the
SCAN functional with those obtained using more
traditional PBE and HSE functionals. Our results
show that SCAN and rSCAN vyield significant
improvement of the calculated zero-phonon line
energies, approaching the accuracy of HSE.
Similar improvement is observed in the the
calculated parameters of the Jahn-Teller
Hamiltonian.

As a result, meta-GGA functionals can be
recommended for the study of colour centres is
diamond when the application of more accurate
functionals is computationally too expensive.

Table 1. Calculated lattice constants ao,
bulk moduli B and band gaps Eg in diamond.

ao (A) B (GPa) | Eg(eV)
PBE 3.572 430 412
SCAN 3.554 460 4.56
rSCAN 3.556 456 4.38
r’SCAN 3.561 452 4.33
HSE 3.546 473 5.34
Expt. 3.567 (3.555) 446 5.48

Table 2. Calculated zero-phonon line energies
for negatively-charged colour centres
in diamond (in eV).

NV Siv GeV SnVv

PBE 1.69 1.49 1.86 1.85
SCAN 1.87 1.57 2.00 1.97
rSCAN 1.81 1.54 1.95 1.93
r2SCAN 1.81 1.53 1.94 1.93
HSE 2.00 1.72 210 21
Expt. 1.95 1.68 2.06 2.00
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SPHERICALLY POLARIZED VECTOR BESSEL VORTEX
BEAMS WITH SKYRMIONIC STRUCTURE

Justas BersSkys, Sergejus Orlovas

Center for Physical Sciences and Technology, Department of Fundamental Research
Saulétekio av. 3, LT-10257 Vilnius, email justas.berskys@ftmc.lt

Laser beam shaping finds more and more
applications in the fields of free-space and
quantum communications, optical trapping,
nano-fabrication, and others. Moreover, the
evolving technologies of nano-fabrication or
spatial light modulators let us produce not only
smaller, but also more accurate and having other
superior properties elements for beam shaping.
Advances to the process of beam shaping are
enabled not only by theoretical and experimental
studies on various beam shaping elements and
light interactions with matter but also by the
introduction of new types of laser beams with
novel properties.

One of the most interesting type of beams in
optics are non-diffracting beams [1]. Non-
diffracting beams possesses some interesting
properties such as beam robustness or the
orbital angular momentum. The beam can
restructure itself after perturbing its phase or
amplitude, it means that after interaction with a
nontransparent object the beam regenerates its
transverse intensity profile. These beams can
also carry a vortex in their phase or polarization.
The vortex carrying angular momentum can be
transferred to a spherical particle in a way that
the particle starts to spin around its own axis or
to rotate around the vortex of the beam.

In this work [2] one of the non-diffracting beams
Bessel-like vortex beams are theoretically
analyzed. This beam differs from known Bessel-
Gauss beams in a way that our introduced beam
has spherically modified intensity profile
because of its polarization structure. Usual
vector Bessel-Gaussian beams are either linearly
or radially and azimuthally polarized. Here, the
Bessel-like beams with a Gaussian envelope are
either spherically - radially or meridionally -
azimuthally polarized. We will be focusing on
beams with a meridional - azimuthal polarization.
By controlling topological charge of the beam
and Bessel cone angle, we can distinguish few
types of intensity distributions that display
‘bottle’ shape and double needle intensity profile
distributions. Another exciting property of such
beams is that a quasiparticle topological
structure [3] is present in the electric vector field.
It means that a field structure when mapped
from plane to a sphere reassembles a topological

guasiparticle. Such fields just recently were
started to be observed in an optical field domain,
usually it was an object of study in magnetics.

-'.22

F4

X
1 pav. Distribution of the electric field intensity in the xz-
plane for different values of Gaussian beam aperture do.

RLE

HB =0.25 deg 05 =0.7 deg ()B =1.1deg ()B =7 deg

-3Dg 0 3D, -3D5 0 3D, -3D5 0 3D, -3D5 0 3Dy
X

2 pav. Distribution of the electric field intensity for
different Bessel cone half-angles 0g, the topological
charge of the beam is m=2.
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AZIMUTINES IR RADIALINES POLIARIZACIJOS BESSEI-X
VEKTORINIAI SUKURINIAI IMPULSAI

Klemensas Laurinavicius, Sergejus Orlovas

Fiziniy ir technologijos moksly centras, Fundamentiniy tyrimy skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: klemensas.laurinavicius@ftmc.lt

Nedifraguojantys Bessel pluostai teoriskai pirmag
kartg aprasyti 1941 m. Stratton’'o [1], o
eksperimentiskai gauti 1987 m. [2]. 1992 m.
akustikoje buvo aptiktos X bangos, kuriy modelis
véliau pradétas naudoti ir optikoje. X bangos
gaunamos kaip skirtingo daznio ir amplitudziy
Beselio pluosty superpozicija, kuriy bangy
vektoriai guli ant to paties kigio kampo.
Pastariesiems impulsams sklindant laisvoje
erdvéje nepasireiskia difrakcijos ir dispersijos
reiskiniai. Tiesinéje dispersinéje terpéje X bangos
sklinda nepasireiskiant dispersijai, kai parenkama
atitinkama kampiné dispersija. Kai konkreti-
zuojamas impulsg aprasantis dazniy spektras,
gaunami Bessel-X impulsai [4]. Jvertinus laikine
priklausomybe is nedifraguojanciy pluosty gauna-
mi nedifraguojantys impulsai. Vienas placiausiai
naudojamy nedifraguojanciy impulsy modeliy yra
X bangos.

Tai skirtingo daznio ir amplitudés Beselio pluosty
superpozicija, kai visi pluostai sklinda tuo paciu
Beselio kligio kampu.

0.5

X, a.u.

2 pav. Intensyvumo pasiskirstymai azimutinés (a) ir
radialinés (b) poliarizacijos Bessel-X impulsams.

skaitmeniniai modeliavimai jvairiems Bessel
kGgio kampams 6. Tiesinés poliarizacijos
impulsas turi intensyvig vieng iS skersiniy
komponenciy ir maziau intensyvig iSilgine
komponente, kurios didumas priklauso nuo 6
kampo. ISilginés elektrinio lauko komponentés E,
vertés ir skersiniy komponenciy vertés Ey, E,,
kintant 8 kampui parodytos (1 pav.). Kaip matyti,
iSilginé komponenté didéjakartu su® kampo

0 20 40 60 0
(a) B, laipsniai (b)

0 =
40 60 0 20 40 60

6, laipsniai (c) . laipsniai

1 pav. Normuotas komponenciy intensyvumas skirtingiems Bessel kigio kampams 6. TiesiSkai poliarizuotai TE
modai (a), tiesiskai poliarizuotai TM modai (b), radialinei poliarizacijai (c). Topologiniai krlviai m=0 (iStisiné
linija), m=1 (punktyriné linija), m=2 (taskuota linija). Ex komponenté atvaizduota raudonai, Ey komponenté
meélynai, Ez komponenté zaliai. (c) paveiksliuke Ex ir Ey komponentés persikloja.

Skersingje plokStumoje sudaromi Beselio ziedai,
kurie yra apriboti Gauso gaubtine. Ziedy skai&ius
ir matmenys priklauso nuo Beselio klgio pusés
kampo 8 ir santykinio spektro plocio A. Didéjant
0 kampui, skersiniai ziedy matmenys mazéja, o
Gauso gaubtiné skersinéje plokstumoje siauréja.
Didéjant santykiniam spektro plociui A, Gauso
gaubtiné siauréja.

Vektoriniams Bessel-X impulsams iSvedéme
analitines iSraiSkas trimis atvejais: tiesinei,
azimutinei ir radialinei poliarizacijoms. Atlikti

didéjimu, o skersinés atitinkamai mazéja. Tiesinés
poliarizacijos TM atveju, prie didesniy kampy ©
matome ir E, komponente.
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FAZES ELEMENTU NEIDEALIOMIS SALYGOMIS

Paulius Slevas®?, Pavel Gotovski, Sergej Orlov®P, Orestas Ul¢inas®?, Antanas Urbas®P
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Lazeriniai pluostai, pasizymintys dideliu iSilginiy
ir skersiniy matmeny santykiu, yra paklauss
jvairiose srityse, pavyzdziui, siaury, su bangos
ilgiu palyginamy struktiGry mikrofabrikavimui.
Pluostai turintys tokig savybe yra vadinami
optinémis adatomis, o Beselio pluostas yra
vienas iS optinés adatos pavyzdziy [1]. |prastai,
Beselio pluostams formuoti yra naudojamos
kGginés prizmés - aksikonai. Taciau, tokiu bidu
suformuoti pluosStai turi asinio intensyvumo
maksimumg, o zonos pradzioje daznai stebimi
nepageidaujami asinio intensyvumo svyravimai.
Naudojant aksikono ir apoziduojanciy optiniy
elementy kombinacija, galima suformuoti
ploksc¢ig asinio intensyvumo pasiskirstyma bei
sumazinti intensyvumo osciliacijas.

Siame darbe mes pristatome geometrinés fazés
(GF) optinj elementa, leidziantj formuoti didelés
galios optine adatg su

glotniu ir pastoviu asinio intensyvumo profiliu [2].

Refrakciniuose optiniuose elementuose fazé
atsiranda dél optiniy keliy skirtumo, o GF
elementuose dél geometrinés fazés, atsiran-
dancios erdvéje manipuliuojant vektoriniu
dvejopalauziu subpikseliu. Musy eksperimento
metu, optinis elementas yra pagaminamas lydyto
kvarco tdryje jrasant ll-o tipo modifikacijg -
formuojant nanogardeles, kurios pasizymi
dvejopalauziskumo savybe ir kuriy greitoji asis
yra statmena gardelés krypciai. Sios gardelés
formuojasi statmenai jrasancio pluosto elektrinio
lauko krypciai, tad jraSymo metu, erdvéje
manipuliuojant poliarizacija, galima gaminti
jvairius optinius elementus.

Siame darbe mes tiek skaitmeniskai, tiek
eksperimentiskai istyréme GF elemento ir
poliarizatoriaus poros (1pav) formuojamos
optinés adatos (2 pav)) sklidimag esant tokiems
eksperimentiniy salygy netobulumams, kaip |
elementa krintancio pluosto matmeny
neatitikimas, GF elemento ir tiesinio poliariza-
toriaus kampinis isderinimas, bei elemento
skersinis poslinkis nuo optinés asies centro.
Geriausios salygos optinés adatos formavimui
kai: | elementg krintanCio pluosto diametro
nuokrypio ir idealaus pluosto diametro santykis
<0.05, elemento ir poliarizatoriaus kampinis
iSderinimas <5° (3 pav), skersinio elemento
poslinkio santykis su pluosto spinduliu <0.125.

Taigi, esant nedideliems sistemos iSkraipymas,
formuojama optiné adata yra stabili.
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1 pav. Principiné optinés adatos formavimo schema,
sudaryta i geometrinés fazés elemento, poliariza-
toriaus ir aksikono.
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2 pav. Eksperimentiskai suformuotos optinés adatos
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3 pav. Optinés adatos aSiniai intensyvumai esant
kampiniam iSderinimui tarp GF elemento ir poliariza-
toriaus.
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Chirurginiy implanty skaiCius visame pasaulyje kasmet
auga. Taip yra dél senéjancios Zmoniy populiacijos ir
didéjancio chirurginiy implanty prieinamumo. Taciau net ir
sparciai tobuléjant medicinos technologijoms ir naujiems
mokslo pasiekimams, chirurginio implantavimo terapijoje
vis dar pasitaiko nesékmiy. Viena i$ pagrindiniy nesékmes
priezasCiy yra ta, kad audiniy atstatymas po traumy ir
infekcijy visada buvo sudétinga regeneracinés medicinos
problemal. Pastaruoju metu hidrogeliai tapo viena i$§
svarbiausiy audiniy inZinerijos medzZiagy. Dél didelio skysciy
kiekio, geros maistiniy medZiagy sklaidos ir biologinio
suderinamumo hidrogelis yra ypac tinkama terpé lgsteliy
dauginimuisi, gyvybingumui ir audiniy regeneracijai®.
Apskritai hidrogeliy mechaninés ir struktdrinés savybés yra
labai panasios j mechanines ir struktlrines audiniy ir
tarplastelinés matricos savybes?. Dél iy hidrogelio savybiy
ortopediniai implantai, modifikuoti hidrogelio dangomis,
turéty skatinti aplink implantg esanciy minkstuyjy ir kietyjy
audiniy regeneracijg. Pagrindinis Sio tyrimo tikslas buvo
padengti eksperimentinius bandinius hidrogelinémis
dangomis bei atlikti in vitro tyrimus.

Eksperimentiniams bandiniams ir personalizuotiems
chirurginiams implantams spausdinti buvo naudojamos
tiesioginio metalo lazeriu sukepinimo (DMLS) ir litografijos
pagrindu pagamintos keramikos gamybos (LCM) 3D
spausdinimo technologijos. Eksperimentiniai bandiniai ir
personalizuoti chirurginiai implantai atspausdinti i$ Ti6AI4V,
ZrO2 medZiagy. Po pavirSiaus apdirbimo, pavirSiaus
plovimo, pavirSiaus aktyvavimo naudojant chemisorbcijos
metodg eksperimentiniai bandiniai ir personalizuoti
chirurginiai implantai padengti hidrogelinémis
medZziagomis.

Fizinis ir cheminis apiblQdinimas buvo atliktas naudojant:
pramonine kompiuterine tomografija (uCT), rentgeno
spinduliy difrakcijg (XRD), optinj profilometrg (OP), optinj
mikroskopa, kontaktinio kampo metodgy, atominés jégos
mikroskopg (AFM).

In vitro tyrimai atlikti su Zmogaus odos fibroblasty Igsteliy
linija ir hFOB 1.19 (Zmogaus osteoblastai) Igsteliy linija. In
vitro tyrimu metu buvo analizuojama Igsteliy kultlry
proliferacija, atliktas adheziniy zony vaizdavimas ir Igsteliy
diferenciacijos jvertinimas ELISA ir qRT-PGR diagnostikos
metodais.

Tyrimo metu nustatyta, kad eksperimentiniy bandiniy
pavirsiaus SiurkStumas Sa < 1 um prie$ dengima. Hidrogelio
dangos storio matavimai parodé, kad dangos storis svyravo
nuo 150 iki 200 um. Nustatyta, kad susidariusios dangos
Jungo modulis yra 167,61 + 36,25 kPa. Tyrimai in vitro
parodé, kad per 7 dienas ant hidrogeliu dengty substraty /
méginiy susiformavo visas Igsteliy monosluoksnis.

Hidrogeliné danga

1 pav. Personalizuotas chirurginis implantas padengtas
hidrogeline danga

Hidrogelio dangos ant Ti6Al4V ir ZrO; eksperimentiniy
bandiniy ir personalizuoty chirurginiy implanty buvo
sékmingai suformuotos naudojant chemisorbcijos metoda,
nepaisant personalizuoty chirurginiy implanty geometrijos
sudétingumo. In vitro tyrimai parodé, kad hidrogelio dangos
pagreitina Igsteliy atsaka ir padidina Igsteliy proliferacijg bei
metabolizmg, palyginti su nepadengtomis medziagomis. IS
tyrimo metu gauty rezultaty galima teigti, kad
personalizuoti chirurginiai implantai, padengti hidrogeliniy
medzZiagy dangomis, galéty pagreitinti aplink implanta
esanciy minkstyjy audiniy regeneracija.
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LAZERINIO GRUDINIMO EFEKTAS SILICIO OKSIDO VEIDRODZIAMS
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Optiniai elementai yra pagrindinés lazeriniy
sistemy dalys, ribojancios didesniy galiy
generacijg dél optinio atsparumo. Lazerinés
spinduliuotés skersmens padidinimas gali
kompensuoti elementy optines charakteristikas,
taciau tokiu atveju lazerinés sistemos fiziskai
didéja. Taigi optiniy dangy patobulinimas turi
tiesioginés jtakos lazeriniy sistemy dydziui arba
generuojamai galiai.

Tobulinant dangas yra atliekama daug tyrimuy,
jskaitant elektrinio lauko pasiskirstymo
optimizavima [1] formuojant daugiasluoksnes
dangas, optiniy elementy lazerinio gradinimo
procediras [2] arba naujy bei inovatyviy
medziagy inzinerijos metody pritaikyma [3].
Buvo pademonstruota, jog naudojant
nanostruktdrizuotus sluoksnius veidrodziy
formavime, lazerinio atsparumo vertés siekia 60
J/cm? 355 nm bangos ilgiui nanosekundiniame
rezime, tacCiau didelis defekty skaicius riboja
aukstesnius rezultatus [4]. Siame darbe
pademonstruotas lazerinio gradinimo efektas
silicio oksido veidrodziams, pagerinant jy optines
charakteristikas.

Garinimo kampu technologija suformuoti silicio
oksido veidrodziai 355 nm bangos ilgiui
potencialiai gali siekti aukstas lazerinio
atsparumo vertes, tac¢iau dangos degraduoja
laike - sugeria i$ aplinkos vandenj ar Kkitas
zalingas daleles. Taikant lazerinio gridinimo
efekta buvo pastebétas optiniy charakteristiky
pagerinimas naudojant nanosekundinj Nd:YAG,
15 Hz lazerj. Pirmame paveikslélyje pavaizduotas
lazerinio gradinimo pavyzdys, kur bandinys buvo
nuolatos veikiamas lazerio spindulio, kurio
energija pamazu keliama nuo O iki 180 J/cm?
Tokiy verciy 355 nm bangos ilgio veidrodziams
nepavyko dar niekam uzfiksuoti.

Tyrinéjant gridinimo efektg silicio oksido
veidrodziams buvo pastebéta lazerinio atsparumo
priklausomybé nuo gradinimo greiio - t.y. nuo
lazerinés spinduliuotés kélimo greiCio (2 pav.).
Siekiant iSsiaiSkinti kodél lazerinio gradinimo
efektas yra itin veiksmingas skulptGriniy dangy
pagrindu suformuotoms dangoms, buvo atlikta
detali optiniy charakteristiky analizé.

IStyrus daugiasluoksnes skulptdriniy dangy
pagrindu suformuotas dangas ir pritaikius
lazerinio gradinimo efekty, buvo pastebétas
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2 pav. Lazerinio griadinimo efekto rezultatai.

rySkus optiniy charakteristiky pagerinimas.
355 nm bangos ilgiui nusodinti veidrodziai
pasizymi apie 180 J/cm? lazeriniu atsparumu,
pritaikius lazerinio grlddinimo efektg nanose-
kundiniame rezime.
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Lazerinis jvairiy medziagy mikroapdirbimas
naudojant ultratrumpy impulsy Saltinius leidzia
dideliu, mikrony eilés tikslumu pakeisti bandiniy
formas bei savybes: pjauti, grezti (abliuoti), lydyti,
jrasyti tarinius pakitimus. Kiekvieno atskiro proceso
pagerinimui ir pagreitinimui galima pasitelkti
pluosto zidinio zonos inzinerijg, kurios pagalba
jmanoma efektyviau paskirstyti pluosto intensy-
vumg erdvéje. Paprastai naudojamas Gauso
pluostas turi ribotg sgsmaukos ilgj ir démés dyd,,
todeél kai kuriems apdirbimo procesams tai tampa
ribojanciu faktoriumi. Be to, Siuolaikiniai ultra-
trumpy impulsy lazeriniai Saltiniai geba generuoti
didelés vidutinés galios bei auksto pasikartojimo
daznio spinduliuote, kuriai efektyviai panaudoti,
standartinio pluosto formos nebepakanka. Todél
platus tyrimy laukas yra galimybé transformuoti
pluosto zidinio zona panaudojant amplitude, faze
ar poliarizacijg keiCiancius optinius elementus:
difrakcinius elementus, erdvinius Sviesos modulia-
torius. Pavyzdziui, pluosto zidinio zonos isilginimas
pritaikytas skaidriy terpiy pjovime!, o pluosto
poliarizacijos transformacija j azimutine ar radialine
suformuojant Ziedo formos intensyvumo skirstinj2.
Siame tyrime lazerio pluosto transformacijos
zindinio aplinkoje jvykdomos pasitelkiant lydyto
kvarco tdryje suformuoty dvejopalauzianciy nano-
gardeliy pagrindu pagamintus optinius elementus?.
Yra zinoma, jog lazerine spinduliuote modifikuojant
stiklo tdrj, galima sukurti trijy pagrindiniy tipy
pazeidas: lGzio rodiklio pokytj, anizotropines
nanogardeles ir mikrotustumas. Dvejopalauzian-
cios nanogardelés yra ypatingos tuo, kad lazerinio
raSymo metu galima valdyti delsg bei optinés asies
postkio kampa keiCiant tiesinés poliarizacijos
kampa. Tai leidzia stiklo tdryje jrasyti kontroliuoja-
mos orientacijos ir pozicijos struktlras®. Todél, $iuo
pagrindu pagamintas optinis elementas yra jautrus
krentancCio pluosto poliarizacijai ir gali jg pasukti
arba pakeisti faze. Sis efektas Zzinomas kaip
geometriné (Pancharatnam-Berry) fazé.

Siame darbe pademonstruojami keli S-banginés
plokstelés? pagrindu pagaminti elementai, kuriais
galima keisti pluosto zidinio intensyvumo skirstinius
(Zr. 1 pav.). Pasitelkiant skaitmeninj difrakcijos
modeliavimg ir palyginant  eksperimentinius
duomenis (2 pav.), gauti pluostai panaudojami

lazeriniame mikroapdirbime sulydant stiklus bei
atliekant abliacija.

Delsa,

Létosios

1 pav. Trijy S-banginés plokstelés pagrindu pagaminty
elementy su nemodifikuotais centrais delsos (virsutiné
eiluté) ir létosios asSies kampy (apatiné eiluté)
nuotraukos, kur létosios aSies moduliacija yra: a) N =1,
b) N=2irc) N =4 eilés. Mastelio Zzymuo atitinka T mm.
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2 pav. Eksperimentiniai pluosty zidinio zonos matavimai,

kai prie§ fokusuojantj lesj patalpinti elementai, kuriy

|étosios asies moduliacijos atitinkamaiyraa) N=1,b) N =

2irc) N =4 eilés.
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Keliu optiniy cikly trumpuyjuy infraraudonos
spinduliuotés bangos ilgiu (SWIR) ruoZo impulsai
yra placiai pritaikomi stipraus lauko fizikos ir
netiesinés optikos tyrimuose, efektyviai generuojant
atosekundinius ar rentgeno spinduliy impulsus ir
THz spinduliuote. Kartu placiajuoséiai SWIR-MIR
spinduliuotés impulsai, apimantys daugeli svarbiuy
molekuliniy virpesiy, yra naudingi nuotoliniam
atmosferos stebéjimui ir LIDAR‘uose. Taip pat
lazerinés sistemos su isvadiniais keliy md
energijos femtosekundiniais impulsais, kuriy
bangos ilgis 2 pm, reikalingos vidutinio IR (MIR)
spektro ruozo parametriniams stiprintuvams su
neoksidiniais kristalais (ZGP, CdSiP2, OP-GaAs),
kaupinti, kad butuy galima pasiekti daugiau nei
4 um. Optinis parametrinis cirpuotas impulsy
stiprinimas (OPCPA) buvo sékmingai pritaikytas
generuojant keliy mJ SWIR impulsus. Vienas is
galimy SWIR OPCPA jgyvendinimo budy pagristas
nedidelés kaupinimo lazerio energijos dalies
panaudojimu superkontinuumui (SC) iki 2.5 pm
generuoti, kuris stiprinamas vienoje ar keliose
OPCPA pakopose. Siame darbe, mes
pademonstravome baltos $viesos superkontinuumo
impulsy stiprinimg trijose nekolineriose OPCPA
pakopose. SWIR impulsai pastiprinti naudojant
bismuto triborato (BiBO) kristalus iki 2.2 mdJ 1.9-
2.3 pm bangos ilgio diapazone.

Tiek SC, tiek OPCPA kaupinimo Saltinis yra FTMC
kieto kuno lazeriy laboratorijoje sukurtas dvieju
pakopu dvieju praéjimy Yb:YAG cirpuoty impulsy
stiprintuvas su gardeliniu kompresoriumi, kuris
uztikrina spektriskai riboty impulsuy trukme iki
~1.2 ps ir impulso energija iki 20 md, ties 100 Hz
pasikartojimo dazniu [1]. SC impulsai buvo
generuojami 15 mm ilgio YAG kristale [2] ir i§plésti
laike iki 550 fs panaudojus 30 mm ilgio ZnSe stikla.
Placiajuostio SC impulsai stiprinimi triju pakopuy
nekolineriame OPCPA, panaudojus BiBO kristalus
(I tipo, fazés suderinimo kampas 0 = 8°), dengtus AR
danga 1750-2500 nm diapazone.

Pirmojoje OPCPA pakopoje geriausias kaupinimo }
signalg konversijos efektyvumas - ~3 %, o didziausia
signalo energija >10pud, buvo pasiekta esant
60 GW/cm? smailiniam kaupinimo intensyvumui.
Antrojoje OPCPA pakopoje kaupinimo keitimo i
signalg efektyvumas sieké 10 %, kai kaupinimo
spinduliuotés  smailinis  intensyvumas  buvo
40 GW/cm2. Po dvieju OPCPA pakopu placiajuostis
SC signalas buvo sustiprintas iki 220 pd. Galiausiai
treciojoje OPCPA pakopoje pasiektas rekordinis

30 % konversijos efektyvumas, o isvadiniy impulsy
energija sieké daugiau nei 2 mdJ. Taip pat po triju
OPCPA pakopu sustiprinto signalo spektro plotis
sieké 220 nm kai centrinis bangos ilgis 2.15 pm, kas
atitinka ~32 fs spektro ribotg impulsy trukme [1pavl].
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1 pav. Sustiprinto signalo po triju OPCPA pakopu
spektras.

Po triju OPCPA pakopu impulsai buvo suspausti nuo
480 fs ik 38 fs,,Suprasil 300” stiklo ploksteléje [2pav].
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2 pav. Suspaustas impulsas po OPA3 ir laikiné faze,
atkurti i§ SHG-FROG matavimo ir spektriskai ribota
impulso trukmeé.

Taigi, sukurta SWIR OPCPA su 40 GW smailinés
galios isvadiniais impulsais 1.9-2.3 um bangu ilgiy
diapazone. To pakanka, kad buty galima
filamentuoti impulsus auksto slégio kiuvetése,
pripildytose N2 arba Hz, ir gerokai isplésti spektra
iki bangos ilgio, virsijan¢io 3 pm, suzadinant
rotacinius Ramano aktyvios medziagos virpesius.
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NASUS LAZERINIS METALU POLIRAVIMAS ULTRATRUMPUJY
IMPULSU VOROMIS

Mantas Gaidys, Andrius Zemaitis, Paulius Gedys, Mindaugas Gedvilas

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

Daugeliui jvairiose pramonés Sakose naudojamy
gaminiy, didele jtaka daro bandinio pavirsiaus
tekstara ir pavirSaus kokybé. Lazerinis
poliravimas leidzia pasiekti didelj tikslumg, gerg
apdirbimo kokybe, platy galimy medziagy
pasirinkimg bei sudétingy formy poliravima. Taip
pat ta pati lazeriné sistema gali bGti naudojama
tiek mikroapdirbimui, tiek ir poliravimui. Dabar
placiai naudojamos apdirbimo sistemos, kuriose
naudojami MHz, GHz vory bei bivory rezimai su
didele vidutine optine galia. Sie rezimai leidzia
gerokai padidinti abliacijos efektyvumag [1], taip
pat zenkliai pagerinti abliuojamo pavirSiaus
SiurkStumag [2], jei tinkamai optimizuojami
lazerinio apdirbimo parametrai. Siame darbe
atliktas  tyrimas, kurio metu, naudojant
femtosekundinj lazerj impulsy vory ir bivoros
rezimuose buvo ieskoma optimaliy lazeriniy
parametry norint pasiekti maziausig pavirsiaus
Siurk§tuma ant vario ir nerddijancio plieno.
Eksperimento metu buvo keic¢iamas impulsy
skaicCius vorose ir bivoroje, o bandinio pavirsius
buvo iSvedamas i$ pluosto sgsmaukos padéties,
taip keiCiant medziagg pasiekiantj energijos
tankj.

Vario bandinyje gautas pavirSiaus Siurkstumas
naudojant MHz, GHz ir bivoros rezimus buvo
atitinkamai 0,23 pm, O,1 um ir 0,08 um (1 pav.), o
nertdijanC¢io plieno bandinyje atitinkamai
0,63 um (2 pav.), 0,55 um ir 0,45um. GHz ir
bivoros rezimai leidzia pasiekti mazesnius
pavirsiaus SiurkStumus dél itin mazo laiko tarpo
tarp impulsy, o tai leidzia maksimaliai iSnaudoti
Silumos akumuliacijos efekta.

=0.08 imi+ h=4.9 ym

X558 . 200pm FTMC LTS

1 pav. Vario pavirsius po lazerinio poliravimo naudojant
bivoros rezima. Skenuojancio elektrony mikroskopo
nuotrauka. N - impulsy skaicius MHz impulse, P - impulsy
skaiC¢ius GHz impulse, Ra - pavirSiaus SiurkStumas,
h - abliacijos gylis.

R,=0.63 um h=28]1 um

J0kV X55  200um

FTMC LTS

2 pav. Nerldijan¢io plieno pavirSius po lazerinio
poliravimo naudojant MHz voros rezima. Skenuojancio
elektrony mikroskopo nuotrauka. N - impulsy skaicCius
MHz impulse, Ra - pavirSiaus SiurkStumas, h - abliacijos
gylis.
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BIMETALLIC 17-4 PH/CoCrMo STRUCTURE FORMATION
BY DIRECT METAL LASER SINTERING

Ada Steponavicitté

Center for Physical Sciences and Technology, Department of Laser Technologies
Savanoriu av. 231, LT-02300 Vilnius, email: ada.steponaviciute@ftmc.It

Bimetallic structures are an excellent solution for a
lot of engineering applications which require
varying properties at different locations of the
same object. Implementation of such structures
into engineering fields can lead to easier
maintenance, economical and space savings and
can also open wider application possibilities. It is
known that combining multiple materials together
can result in customized chemical and mechanical
properties of manufactured parts, such as
electrical and thermal conductivity, hardness,
corrosion resistance, etc. [1]. In recent years,
production of bimetallic structures has been made
possible with help of additive manufacturing (AM)
technologies. Using laser powder-bed fusion (L-
PBF) AM, there are a few different ways how
bimetallic structures can be created: printing one
material on a conventionally manufactured
substrate from another material [2], printing one
material after another [3] or using two powders in
one layer by mixing them together [4].
In this work, two materials in powder form were
used for bimetallic structure formation - CoCrMo
and 17-4 PH stainless-steel. The bimetallic structure
was successfully produced by using the L-PBF
technology applied in EOSINT M280 machine. In-
depth analysis of the 17-4 PH and CoCrMo
materials and microstructural properties of the
produced bimetallic sample were investigated in
this study.
S %

i
i
i
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i

Fig. 1. Chemical element (Cr, Fe, Co, Mo) distribution in
the 17-4 PH/CoCrMo fusion zone (red line marks the
measurement location).

A gradual change in chemical element distribution
is observed at the two-material fusion zone. The
thickness of the fusion zone is around 400-450 pum.

Fig. 2. Thickness of the fusion zone.

The hardness of the fusion zone (10412 HRB) is
higher than the hardness of 17-4 PH (95+2 HRB)
but lower than CoCrMo (111x2 HRB). The experi-
mentally evaluated density of the bimetallic
specimen is 8.01 g/cm?3. The difference in values
proves that the fusion zone of the specimen
possesses unique characteristics that are not
specific to either of the materials.

Table 1. Hardness of 17-4 PH, CoCrMo and
the fusion zone.

Material/position | Hardness (HRB) | Density (g/cm3)
17-4 PH 95+2 7.75
CoCrMo M1 8.30

Fusion zone 104+2 8.01
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GRAFENO FORMAVIMAS LAZERIU POLIMERY PAVIRSIUJE
NAUDOJANT ULTRVIOLETINES - ARTIMOS INFRARAUDONOSIOS
DIAPAZONO BANGOS ILGIO SPINDULIUOTE

Vitalij FiodoroV!, Karolis Ratautas', Zenius Mockus?,
Romualdas Trusovas', Lina Mikolidnaité3, Gediminas Raciukaitis'

Fiziniy ir technologijos moksly centras, Lazeriniy technologijy skyrius,
Savanoriy pr. 231, LT-02300 Vilnius, el. p.: vitalij.fiodorov@ftmc.It
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Pastargajj deSimtmetj grafeno medziagos sulaukia
vis didesnio démesio eletronikos pramonéje dél
savo ypatingy cheminiy ir fiziniy savybiy [1]. Kai
kuriy polimery pavirSiuje, paveikus jas lazerine
spinduliuote, susidaro laidus grafeno sluoksnis [2,
3]. Suformuotas grafeno sluoksnis polimero
pavirsiuje dél savo gero elektrinio laidumo galéty
blti naudojamas elektrai laidziy takeliy gamyboje.
Misy eksperimente, polimero pavirsiuje lazerio
spinduliu  selektyviai suformuojamas grafeno
sluoksnis, o tuomet bandinys yra panardinamas |j
galvanikos vonele ir grafeno sluoksnis padengia-
mas variu. Pagrindinis metodo privalumas yra
galimybé selektyviai gaminti elektrai laidzius
takelius ant sudétingos formos trimaciy polime-
riniy pavirsiy, kur jprasti elektrai laidziy takeliy
gamybos metodai néra tinkami.

Masy vykdomame tyrime yra nagrinéjamas lazeriu-
indukuoto grafeno susidarymas polimero pavirsiuje,
paveikus jj skirtingy bangos ilgiy lazerine spindu-
liuote. Eksperimentai buvo atliekami naudojant
Kapton® (PI) poliimido 127 um storio pléveles.
Bandiniai buvo apdirbami kieto kdno lazeriu,
generuojanciu 10 pikosekundziy trukmés impulsus,
naudojant 355 nm, 532 nm bei 1064 nm bangos
ilgius. Eksperimente naudota vidutiné lazerio galia
buvo nuo 0.25 iki 8.5 W, o impulsy pasikartojimo
daznis buvo keiC¢iamas nuo 100 iki 400 kHz.
Spindulio skenavimo greitis buvo kei¢iamas nuo 30
mm/s iki 100 mm/s, o atstumas tarp skenavimo
linijy Nnuo 10 um iki 100 um. Atlikta iSsami bandiniy,
apdirbty visais minétais bangos ilgiais, analizé.
Bandiniy charakterizavimui po lazerinio apdirbimo
buvo atliekami pavirSinés varzos matavimai,
pasitelkiant keturiy zondy metoda. Pavirsiaus
cheminé sudétis buvo tiriama, naudojant Ramano
spektroskopija. Taip pat, buvo atliktas Silumos
laidumo bandinio pavirSiuje, paveikiant jj lazerine
spinduliuote, modeliavimas, kuriuo metu buvo
jvertinta polimero pavirsiaus temperatdra ir apsvitos
trukmé, reikalinga susiformuoti grafenui.
Eksperimento metu buvo atrasti trys spinduliuotés
poveikio poliimido bandinio pavirSiui rezimai:
pavirsiuje susiformuoja anglies sluoksnis, kuomet
bandinys apdirbamas didelio intensyvumo foku-
suotu spinduliu (apsvitos dozémis nuo 17.8 J/cm? iki

130 J/cm?3), susiformuoja pilkos spalvos medziaga,
paveikiant jg apsvitos dozémis nuo 1.4 J/cm? iki 15.5
J/cm?, ir susiformuoja grafenas, paveikiant bandinj
iSfokusuotu spinduliu (apsvitos dozés nuo 4.4
J/em? iki 10.8 J/cm? (1 pav.). Kiekvienu atveju,
apdirbto bandinio pavirSiaus laidumas zenkliai
padidédavo. Konkreti apdirbto pavirSiaus verté
priklausydavo nuo naudotos spinduliuotés para-
metry. Maziausia pavirSiné varza (ty. didziausias
laidumas) pasiekta suformuojant bandinio pavir-
Siuje grafeng, ir lygi 8 Q. Ramano spektry analizé
parodé ryskig 2D juosta indikuojancig apie grafeno
pozymius pavirSiuje bei defekty nebuvima.
Galiausiai, lazeriu apdirbti bandiniai buvo padengti
variu, galvaniniu btdu. Pilnai pasidengé bandiniai,
kuriy pavirsiné varza buvo nedidesné kaip 100 Q.
Ploniausias dangos storis, kuria pavyko pilnai
padengti 100 Q varzos bandinj - 10 um, o 8 Q
pavirsinés varzos grafeno sluoksnj - 5 um. ISma-
tuotos vario dengimo ant apdirbto laidaus
poliimido pavirSiaus voltamogramos (2 pav.) bei
atlikti dengto pavirsiaus topografijos tyrimai.
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MAMYSEVO REGENERATORIUMI PAREMTAS IMPULSYU FORMAVIMAS
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Daugumos ultratrumpuyjy impulsiniy lazeriy
veikimas pagrjstas mody sinchronizacija. Tokio
tipo Saltiniai generuoja impulsus fiksuotu
pasikartojimo dazniu, kurj lemia rezonatoriaus ilgis.
Kai kuriems taikymams, tokiems kaip ar dvifotoné
mikroskopija, daznu atveju svarbu turéti kintamo
pasikartojimo daznio lazerinj Saltinj norint derinti
vaizdavimo gylj iSvengiant bandinio pazeidos [1].
Lazeriniai diodai maitinami trumpais jtampos
impulsais gali generuoti pikosekundinius impulsus
placiame pasikartojimo daznio diapazone, taciau
sugeneruoti impulsai pasizymi triukSmu, prasta
pluosto kokybe, be to, impulsai negali bati
suspaudziami j spektriskai ribotas trukmes. Vienas
iS metody pagerinti impulsy kokybe yra leisti
impulsus is tokio tipo diodo j Mamysevo regene-
ratoriy. Mamysevo regeneratoriuje impulsas yra
pastiprinamas, jo spektras iSpleCiamas ir
filtruojamas juostiniu filtru taip pagerinant jo
koherentiskuma ir sumaZinant trukme [2]. Sio
regeneravimo metodo tridkumas yra didelé
regeneruoto impulso amplitudés priklausomybé
nuo uzkrato impulso amplitudés svyravimy [3].
Tam, kad impulsas pilnai susiformuoty ir nebe-
priklausyty nuo uzkrato impulso, reikalingos kelios
Mamysevo regeneratoriaus pakopos, o tai padaro
sistemga didesne, sudétingesne ir brangesne.
Siame darbe pristatoma kompaktiska Mamysevo
regeneratoriaus schema leidzianti realizuoti
norima skaiciy apéjimy regeneratoriuje panau-
dojant elektriskai valdoma akusto-optinj keturiy
Saky perjungiklj (1 pav.). Regeneratoriy sudaro
pasyvis Sviesolaidziai kuriuose vyksta spektrinis
impulso plitimas (PF1, PF2), filtrai, kurie atlieka
spektrinj  filtravima  (F1, F2), Sviesolaidinis
stiprintuvas (YDF) ir keturiy Saky akustooptinis
perjungiklis (AOS). Uzkrato impulsai i$ iSorinio
Saltinio jvedami per jungiklio Saka 1] Saka 2. AOS
jjJungiama paduodant | jg staCiakampj jtampos
impulsg, derinant jo trukme galima valdyti
apéjimy regeneratoriuje skaiciy. Nuo F1 atsispin-
déjes impulsas pradeda cirkuliuoti tarp Saky 2-3.
Pasibaigus elektriniam impulsui AOS iSsijungia ir
suformuotas impulsas isleidZziamas per Sakay 4.
Regeneratoriaus stiprintuvas buvo kaupinimas

lazeriniu diodu naudojant 95 mW galia.
1 4

F2 PF2 \¥ 2

O8O O g

+“—>

AOS
1 pav. Eksperimentiné schema.

| regeneratoriy jvedus >100 pJ energijos ir keliy
pikosekundziy trukmés impulsus is iSorinio uzkrato
Saltinio 10 kHz dazniu, pastebéta, kad susiformuoja
stabili mazos amplitudés regeneruoty impulsy vora
atitinkanti regeneratoriaus pasikartojimo dazni.
Vidutiné impulsy galia kiekvieno apéjimo metu
fliuktuoja, taciau didéjant apéjimy skaiciui nusistoji
| pastovig verte. Tam, kad impulsas stabilizuotysi
reikia daugiau nei 22 apéjimy regeneratoriuje. IS 2
pav. matyti, kad regeneruoto impulso vidutiné
galia nuo wuzkrato impulso vidutinés galios
priklauso tik pirmy keliy apéjimy metu. Toliau
didéjant apéjimy skailiui, kreivés pradeda
persikloti, o tai rodo, kad regeneruotas impulsas
nebepriklauso nuo pradinio impulso energijos, o jo
energija ir spektrinés charakteristikos priklauso tik
nuo regeneratoriaus parametry, tokiy kaip filtry
juostos plotis, centriniai bangos ilgiai, Sviesolaidziy
ilgiai, stiprintuvo kaupinimo galia ir t.t. Regene-
ruoty impulsy energija sieké ~50 pJ, o regeneracija
vyko stabiliai 10-50 kHz pasikartojimo dazniy
diapazone. Sis diapazonas gali bati iSpléstas
tinkamai parenkant regeneratoriaus stiprintuvo
kaupinimo galia.
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2 pav. Regeneruoty impulsy vidutinés galios
priklausomybé nuo apéjimy skaiciaus prie skirtingy
uzkrato impulso vidutiniy galiy.

Literatdra

1. V. Gautam, J. Drury, J. M. C. Choy, C. Stricker, H.-A.
Bachor, V. R. Daria. Improved two-photon imaging
of living neurons in brain tissue through temporal
gating, Biomed. Opt. Express 6, 4027-4036 (2015).

2. K. Regelskis, J. Zeludevi¢ius, K. Viskontas, G.
Raciukaitis. Ytterbium-doped fiber ultrashort pulse
generator based on self-phase modulation and
alternating spectral filtering. Opt. Lett. 40, 5255-
5258 (2015).

3. W. Fu, L. G. Wright, F. W. Wise. High-power
femtosecond pulses without a modelocked laser.
Optica 4,831-834 (2017).


about:blank
about:blank
about:blank

FIZINIV IR
TECHNOLOGIJOS MOKSLY

| /7% ; "3% CENTRAS

:‘ﬁz@eéh

AUKSTOS SKIRIAMOSIOS GEBOS LMD GALVUTES SPAUSDINIMO
PARAMETRU |TAKA PAVIENIO TAKELIO FORMAVIMUI

Romuald Petkevic

Fiziniy ir technologijos moksly centras, Lazeriniy technologijy skyrius,
Saulétekio al. 3, LT-10257 Vilnius, el. p.: romuald.petkevic@ftmc.It

Metalo priedy gamybai pastaraisiais deSimtme-
Ciais buvo skiriamas didelis démesys, todél
siglomos jvairios technologijos, skirtos
trimaciams objektams gaminti. Viena iS tokiy
technologijy, leidzianciy gaminti didelio dydzio
objektus, yra metalo nusodinimas lazeriu (angl.
LMD) T[1]. Sios technologijos ribas lemia
pozicionavimo sistemos galimybés. Jau esamos
LMD galvutés turi palyginti prastg skiriamajg
geba [2,3].

Misy darbo tikslas buvo sukurti naujg LMD
purkstuka su centruotu daleliy srautu bei atlikti jo
testavima, formuojant pavienius spausdintus
takelius. Siame darbe mes atlikome skysciy
dinamikos, daleliy ir pavirsiaus salyCio bei
termodinaminés  busenos kontakto  metu
skaiciavimus. Tuo pagrindu buvo suprojektuotas
purkstukas, pagrjstas de Laval geometrija su
Bicubic konvergencijos zZonos kreive.
Suprojektavus purkstuka buvo apskaiciuotas
daleliy srauto susidarymas su skirtingais daleliy
dydziais ir gauti rezultatai atskleidé, kad mazos
dalelés turi didziausig greitj ir maziausiag bendrg
jégq ties purkstuko iséjimu. Smulkios dalelés turi

trumpesnj atsako laika, taigi ir mazesne dispersija.

Daleliy ir pavirSiaus salyCio skai¢iavimai atlikti
taikant Cowper-Symonds modelj. IS gauty
rezultaty akivaizdu, kad maksimalus restitucijos
koeficientas (angl. COR) ir minimalus bedimensis
jdubimas pasiekiami, kai daleliy dydis yra 30 um.
pav.:l Su mazesnémis dalelémis COR vertés yra
mazesnés dél santykinai didelio greicio.
Didesnéms nei 30 um daleléms budingas mazas
greiCio pokytis, o didéjant daleliy masei stebimas
temperatidros kilimas.

0.13
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1 pav. Restitucijos koeficiento priklausomybé nuo
metalo daleliy dydzio.

Remiantis atliktais skai¢iavimais buvo
pagamintas naujas LMD purkstukas, kuris
maksimaliai pagreitina metalo daleles prie
anksciau nustatyty paduodamy dujy slégio
parametry. Tam kad nustatyti prie kokiy
spausdinimo  parametry yra nusodinamas
optimalus metalo daleliy kiekis, yra vykdomi
fiziniai eksperimentai keic¢iant LMD galvutés
judéjimo greitj ir lazerio galig pav. 2. Paveikslas
parodo kokia jtaka turi lazerio galia pavieniy
takeliy  formavimui. Atliekami kiekybiniai
eksperimentai leis optimizuoti lazerinio metalo
nusodinimo procesg bei pasiekti aukstg
spausdinimo skiriamaja geba.

2 pav. Bandinys vaizduojantis nusodinto 17-4PH
metalo kiekio skirtuma pakeitus lazerio galia.
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Pramonei sparciai besivystant auga poreikis kurti
vis kompaktiskesnius bei funkcionalesnius gami-
nius. Tam ieSkoma naujy medziagy, technologijy,
bei metody. SSAIL (Selective Surface Activation
Induced by Laser) technologija gali bati taikoma
sparciai elektrai laidziy takeliy gamybai [1, 2].
SSAIL technologija susideda S keliy etapuy:
medziagos pavirSius modifikuojamas lazeriu;
bandinys chemiskai aktyvuojamas tirpale;
bandinys nuplaunamas dejonizuotame vandenyije;
tuomet kitame tirpale padengiamas variu
kataliziniu badu.

Eksperimente naudoti komerciskai prieinami
polikarbonato (PC) 2mm storio lakStai iS
,Heliopolio“. Siai technologijai PC buvo dar
nebandytas, todél pirmiausiai eksperimentuota su
jvairiais lazerinio mikroapdirbimo bei cheminio
proceso parametrais, siekiant pritaikyti
technologijg kokybisky elektrai laidziy takeliy
gamybai ant polikarbonato. SSAIL procesas
priklauso nuo jvairiy lazerinio apdirbimo proceso
parametry: impulsy trukmeés, pasikartojimo
daznio, skenavimo greiCio, impulsy energijos,
pluosto diametro ant pavirSiaus, spinduliuotés
bangos ilgio, atstumy tarp gretimy poveikio zony
centry, spinduliuotés dozés, bei vidutinés lazerio
galios bei skenavimo budo [2]. Eksperimentai
atlikti  motorizuota lazerinio mikroapdirbimo
sistema su galvanometriniu skeneriu greitam
manipuliavimui lazerine spinduliuote, fokusavimui
naudota telecentriné lesSiy sistema. Valdymui
naudota ,,DMC" programa.

Eksperimento supaprastinimui buvo pasirinkta
suristi atstumus tarp impulsy X bei Y asyse, tam
atitinkamai buvo parenkami skenavimo greiciai,
priklausomai nuo lazerio pasikartojimo daznio, bei
atstumai tarp eiluciy. Lazerio pasikartojimo daznis
pasirinktas 100 kHz, kadangi su didesniu dazniu
buvo stebimas pavirsiaus apsilydimas, o mazesnis
daznis reiksty létesnj apdirbimo procesy. Kiti
parametrai po pirminiy eksperimenty buvo pasi-
rinkti atitinkamai: lazerio bangos ilgis A = 532 nm;
impulso trukmé <t =10 ps; pluosto diametras
sgsmaukoje d=26pum (1/e? lygyje). Tirta
priklausomybé nuo lazerio impulso energijos E,
bei atstumo tarp gretimy poveikio zony centry p.
Ant PC plokstelés lazeriu modifikuojama 8x8 mm
zona, tuomet keic¢iama impulso energija, Salia
apdirbama sekanti zona ir taip suformuojama visa
eiluté su skirtingom lazerio impulso energijom E.
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Pav.1. Variu dengto PC pavirSius matricos zony
elektrinio laidumo priklausomybé nuo lazerinio proceso
spinduliuotés dozés.

Tuomet pakeiC¢iamas atstumas tarp gretimy
poveikio zony centry p ir daroma sekanti eiluté -
tokiu bddu suformuojama parametry matrica.
Pagamintos parametry matricos kiekvienam
lazerinio proceso kampui kas 10 laipsniy. Matricos
fotografuotos  optiniu  mikroskopu.  Optiniu
profilometru tirtas pavirsiaus SiurkStumas, kuris
neparodé aiskios koreliacijos. Laso kontaktinis
kampas su modifikuotu PC pavirSiumi taip pat
neparodé aiskios prieklauosos nuo lazeriniy
parametry. Po cheminio proceso gauty zony
pavirsinis laidums pamatuotas keturiy zondy
metodu. Aiskiausius rezultatus parodé laidumo
prieklausa nuo apsvitos dozés (Pav.1). Kaip
matosi grafike, dozés ribose nuo 40 iki 190 J/cm?
gaunami elektrai laidGs takeliai, nepriklausomai
nuo lazerinio proceso kampo su pavirsSiumi (jis
atvaizduotas atitinkamomis spalvomis). Lazerinés
spinduliuotés dozé priklauso nuo lazerio impulso
energijos, bei atstumy tarp gretimy impulsais
paveikty zony centry.
EksperimentiSkai pademonstruota, kad SSAIL
Procesas veikia be parametry paderinimo ant
pavirsiy, pasvirusiy iki 50 laipsniy kampu ir gauti
vientiso vario sluoksnio dangg be triakiy, islaikant
ta pacig pavirSiui tenkancios lazerinés spindu-
liuotés doze. Belieka iSspresti techninius niuansus,
kad procesg galimag baty taikyti greitam ir
efektyviam 3D detaliy selektyviam padengimui
variu. Tam reikia priklausomai nuo kampo
sutankinti lazerinio proceso linijas.
Literatira
1. K. Ratautas, et al, AppliedSurfaceScience, 470,
405-410, (2019).
2. K. Ratautas, et al, Polymers 12(10), 2427, (2020).
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AKRECINIO DISKO REGULIUOJAMAS JUODUJUY SKYLIUY
MAITINIMAS IR GR|ZTAMASIS RYSYS HIDRODINAMINIUOSE MODELIUOSE

Matas Tarténas, Kastytis Zubovas

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

Modernls kosmologiniai bei galaktiky modeliai
gerai atkuria galaktiky ir jy centriniy juoduyjy
skyliy (SMBH) savybes bei tarpusavio sarysSius.
Visgi juose naudojami gana paprasti SMBH
maitinimo aprasymai, priklausantys nuo laisvai
parenkamy parametry. Norint tyrinéti galaktikos
aktyvumo poveikj mazesniuose, galaktikos
centry masteliuose, reikalingas detalesnis SMBH
maitinimo aprasas, leidziantis teisingai atkurti
galima poveikio kitima laike.

Siame darbe nagrinéjama galaktikos centro
evoliucija po dujy zZiedo ir dujy debesies
susiddrimo, inicijuojanio SMBH aktyvumo
(AGN) epizoda, aplinkoje, panasioje | Pauksciy
Tako centra. pasitelkus Gadget-3 [1] hidrodi-
naminj koda, sukurtas 12 modeliy rinkinys,
kuriame sekama sistemos evoliucija be SMBH
grjztamojo rySio (nFB), bei su grjztamuoju rysiu,
kuriamu iskart vos tik SMBH dalelé praryja dujas
(INST) arba reguliuojamu subraiskinio akrecinio
disko modelio (FB) [2]. FB naudojamas akrecinio
disko modelis yra standartinis plonas akrecinis

diskas, kurio pagrindiné pavirSinio tankio
evoliucijos lygtis [3,4]:
gT 3 @ { (R, — R,)*
. R,0R X 3R )
1 Jﬁ.lﬁn i.r:ll,_:' (-I)
1

O gy Bl 5By

OR ! (Ri — Rg)2
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Lygtis (1) sprendziama kartu su likusiu modeliu,
sinchronizuojant laiko Zingsnius ties SMBH
dalelés laiko zingsniais.

Po susidlrimo pradiné sistema iSardoma.
Nemaza dujy dalis krenta centro link ir maitina
SMBH dalele. FB modeliuose akrecinis diskas
natdraliai prislopina kuriama Sviesj bei pavélina jo
veikimag, lyginant su INST modeliu. FB modeliy
centruose susiformuoja aiski tustuma, kuri
neatkuriama INST modeliy, nors bendra aktyvu-
mo periodo metu iSlaisvinta energija juose
didesné, nei FB modeliuose. Be to, akrecinio
disko sekimas leidzia jvertinti per iSorinj jo krasta
pabégancios medziagos kiekj. Detalesnio SMBH
akrecijos apraso naudojimas reikSmingai keicia
galaktikos centro evoliucijg, lyginant su keliais

kitais tipiniais, skaitmeniniuose modeliuose
naudojamais aprasais. Ateityje metodas bus
naudojamas AGN poveikio zvaigzdziy formavi-
muisi centrinéje molekulinéje zonoje ir centrinia-
me zvaigzdziy telkinyje tyrimui.

. = o P

-3 2 1 0

log(z[g cm~2])
t =200 kyr

1 pav. Tankio zemélapiai praéjus 200 tlkst. m. FB
stebima aiski centriné ertmé, neatsiradusi INST. nFB
formuojasi labiau centre susitelke ir iSkreipti diskai.
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2 pav. Sviesio kitimas laike. Punktyrinés linijos - vidutinés
vertés to pat tipo modeliuose, nuspalvintos sritis -
variacija.
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STUDY OF ELECTROCHEMICAL BIOSENSORS FOR
THE DETECTION OF ANTIBODIES AGAINST SARS-COV-2
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The application of electrochemical methods for the
detection of antibodies against the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2)
Spike protein was investigated. The research aimed
to find optimal experimental conditions through the
use of various electrochemical methods, substrate
materials, as well as methods for immobilizing a
sensor element, namely, recombinant Spike protein
(rSpike).

In the first study, we used a custom-built three-
electrodes electrochemical «cell. The working
electrode was a microscopic slide coated with Au by
sputtering. The rSpike was immobilized on the
surface by employing the mixture of thiol-based self-
assembled monolayers (SAMmix), namely, 1-
mercaptoundecanoic acid (11-MUA) and 6-
mercapto-1-hexanol (6-MCOH). Further, we
performed stepwise incubation with antibodies
against Spike protein (anti-rSpike) in the range of
concentrations. All stages of surface modification
were accompanied by cyclic voltammetry (CV) and
electrochemical impedance spectroscopy (EIS) (fig.
1. The anti-rSpike was detected with a limit of
detection (LOD) of 2.53 nM and 1.99 nM using CV
and EIS methods, respectively [1].
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Fig. 1. A - Cyclic voltammograms and B - Nyquist plots after affinity
interaction with anti-rSpike of different concentrations (0-150 nM).
Potential scans range from -0.2 to +0.6 V vs Ag/AgCI(KClsat) at
50 mV/s. EIS measurements were performed from 100 kHz to
O.1Hz, at 10 mV amplitude, and applied potential 0.2V vs
Ag/AgCI(KClsat). CV and EIS measurements were performed in
PBS pH 7.4 while adding 2 mM of [Fe(CN)s]37/4, signal normalised
to the geometrical area of the working electrode (0.179 cm?).

The next experiment was working on the data gained
from using screen-printed carbon electrodes (SPCE)

modified with Au nanostruc-tures (AuNS) by
electrodeposition. Herein, we used L-cysteine as
SAM, while other stages of the experiment remained
unchanged. In this work, CV and differential pulse
voltammetry (DPV) were used for signal registration
(fig. 2). It was revealed, that for these systems LOD
for the detection of anti-rSpike for CV and DPV are
0.27 nM and 0.14 nM, correspondingly [2].

00 0z 04 06 04 02 00 02
E(V) vs Ag/AECL E (V) 15 Ag/AgCl

Fig. 2. Cyclic voltammograms (A) and differential pulse
voltammograms (B) after interaction with anti-rSpike antibodies of
different concentrations (0-3.5 nM). The potential range was from
-0.4 to +0.6 V, with a CV scan rate of 0.05 V/s, DPV step size of
0.004 V, pulse height of 0.05 V, pulse period of 100 ms, and pulse
width of 50ms, in 1TmM PBS, pH74, containing 2mM
[Fe(CNg)I*74~. The signal was normalised to the geometrical area
of the working electrode (0.126 cm?).

Comparing LODs for the CV technique in both
experiments, we can conclude that the system based
on the AuNS-modified SPCE is more sensitive toward
anti-rSpike detection. Noteworthy is that using SPCE
improves the reproducibility of the biosensor as well.
However, among all applied electrochemical
methods, DPV is the fastest technigue which
revealed the lowest LOD.
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DISTRIBUTED FEEDBACK QUANTUM CASCADE LASER ABSORPTION
SPECTROSCOPY FOR AIRBORNE METHANE MEASUREMENTS
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The intensive development of industry,
agriculture, and transportation causes many
issues related to the negative impact on the
environment and human health. Harmful
products of human technogenic activity
accumulate in  the environment. Due to
increasing concentrations of greenhouse gases
(methane, carbon dioxide, etc.), the effects of
global warming are already being observed.
Research that addresses the challenges of
climate change mitigation and creates science-
based assumptions for new environmental
monitoring systems and technologies s
becoming more and more relevant.
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A new two drone system with a variable optical
path for measuring greenhouse gases (CHg4, CO5)
is currently in development. Here, we will present
a distributed feedback (DFB) quantum cascade
laser absorption spectroscopy system which is
used for measuring methane concentrations in
the atmosphere. The DFB laser for methane
measurements is being operated at 3371.5 nm
and 3368.8 nm, for higher and lower
concentrations respectively.

Measurement capabilities and detection limits of
the system will be presented and discussed.
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Fig. 1. Absorption spectra of methane at 3368.8 nm and 3371.5 nm. Laser current was
modulated with a sawtooth signal.
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STABILIYUJYU ANGLIES IR SIEROS IZOTOPU SANTYKIO IR
RADIOANGLIES METODU TAIKYMAI AEROZOLIUY
TARSOS SALTINIY CHARAKTERIZAVIMUI

Laurynas Bucinskas, Inga Garbariené, Justina Sapolaité, Zilvinas EZerinskis, Andrius Garbaras
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Antropogeninés tarSos miesto aplinkoje neatsie-
jama dalis yra anglies ir sieros aerozolinés
dalelés, kurios savo ruoztu daro neigiama poveikj
zmoniy sveikatai, klimato kaitai ir matomumui [1,
2]. LokalGs miesto tarSos Saltiniai yra elektrinés,
transporto priemoniy, biomasés deginimas,
pramoninés emisijos. Taciau tolimi tarSos Saltiniai
taip pat gali daryti didele jtaka vietiniam klimatui,
ypac¢ KD, pavidalo dalelés, kurios, suspenduotos
ore, gali islikti iki keliy savaiciy ir nukeliauti Simtus
kilometry. Pirminés dalelés, patekusios j atmosfera,
dalyvauja jvairiose cheminése ir fizikinése
reakcijose, kurios keiCia jy struktdrg ir sudét;].
Vienas i$ pavyzdziy yra SO, heterogeninés oksida-
cijos reakcijos ant aerozolio dalelés pavirsiaus.

Svarbus kietyjy daleliy analizés metodas yra
stabiliyjy izotopy santykio masiy spektrometrija,
suteikianti informacijos apie jy Saltinius.
Papildomas radioanglies metodo pritaikymas
leidZzia mums iSsamiau atskirti antropogeninius
tarsos Saltinius. Siy dviejy metodiky derinys buvo
pritaikytas Siame darbe siekiant charakterizuoti
KD, aerozoliy tarSos saltinius [3]. Sieros ir anglies
stabilUs izotopy matavimai buvo atlikti naudojantis
stabiliyjy izotopy masés spektrometru, o
radioanglies matavimai atlikti naudojant vienos
pakopos greitintuvo masés spektrometra.
ISmatuotos &4S, &°C, ™C ir SO,% TC
koncentracijy vertés buvo lyginamos su oro
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1pav. Transporto emisijy, anglies deginimo ir bio-
masés deginimo Saltiniy pasiskirstymas aerozolio
anglies frakcijoje.

monitoringo duomenimis ir atgalinémis oro
masiy pernasos trajektorijy modeliais. Pritaikius

maisymosi lygtj buvo iSskirti pagrindiniai
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2 pav. Anglies ir biomasés deginimo Saltiniy pasi-
skirstymas aerozolio sieros frakcijoje.
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MIKRODUMBLIY APDOROJIMAS TAIKANT SALTOSIOS PLAZMOS IR
IMPULSINIO ELEKTRINIO LAUKO POVEIK]
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Mikrodumbliai vertingas maistiniy medziagy ir
biologiskai aktyviy junginiy Saltinis. Siekiant
uztikrinti  pastaruyjy junginiy prieinamuma
vartotojams, batina padidinti ekstrakcijos iSeiga
ir sumazinti proceso kastus. PrieSingai nei jprasti
cheminiai ar mechaniniai dumbliy apdorojimo
metodai, impulsinis elektrinis laukas (angl. pulsed
electric field (PEF)) ir neterminis plazminis
apdorojimas issiskiria kaip turintys didziausia
potencialg spresti minétas problemas.

Jau yra tyrimy, jrodanciy jog zinduoliy ir bakterijy
lasteliy membranos, po apdorojimo plazma, tampa
jautresnés PEF poveikiui [1,2]. Manoma, jog tai
nulemia plazmos generuojamy radikaly sgveika su
membranoje esanciais lipidais. Ko pasekoje,
sumazéja energijos kiekis reikalingas inicijuoti
plazminés membranos pralaidumo padidéjima.
Taciau iki Siol néra zinoma, kaip kombinuotas
plazmos ir PEF apdorojimas veikia mikrodumbliy
lasteles. Todél Sio darbo tikslas yra iSsiaiskinti
plazmos ir PEF poveikio efektyvuma gerinant
mikrodumbliy vertingy junginiy ekstrakcija.

Siam tikslui jgyvendinti slenkancio lanko islydzio ir
PEF technologijos buvo panaudotos gélavandeniy
dumbliy Chlorella vulgaris apdorojimui. Plazmai
generuoti buvo taikomi Sie parametrai: suslégto
oro srauto greitis ~22,8 L/min, atstumas tarp "peilio
asSmeny" tipo elektrody ir dumbliy suspensijos
pavirSiaus 30 mm, apdorojimo trukmé 300 s,
plazmos generatoriaus jtampa 50-250 V, daznis
270 kHz. Apdorojant PEF buvo taikomi 10 wus
trukmés, 1-10 impulsy, kuriy pasikartojimo daznis 1
Hz ir elektrinio lauko stipris 23-25 kV/cm. Po
apdorojimo nustatyti dumbliy  suspensijos
elektrinio laidumo, lasteliy pralaidumo ir iSskirty
baltymy koncentracijos pokyciai. Neapdorota
dumbliy suspensija buvo naudojama kaip kontrolé.
Gauti lagsteliy pralaidumo rezultatai parodé jog
plazmos poveikis atskirai pasizymi mazesniu
efektyvus nei PEF (1 pav.). Didziausias SYTOX
Green dazo fluorescencijos intensyvumas gautas
veikiant 250 V plazmos iSkrovos jtampa. Tuo
tarpu, efektyvus dumbliy lgsteliy pralaidumo
padidéjimas nustatytas taikant kombinacinj
plazmos (U > 170 V) ir 1 PEF impulso poveikj.
Taciau, kombinacinio apdorojimo efektyvumas
nebuvo uzfiksuotas, kai dumbliy suspensija buvo
veikiama plazmos ir 10 PEF impulsy poveikiu.

Baltymy ekstrakcijos poziariu, didéjantis PEF
impulsy skai¢ius nulémé 550-800 pg/mL baltymy
ekstrakcijg (2 pav.). Tuo tarpu plazmos apdoro-
jimas atskirai baltymy ekstrakcijg iniciavo tik
taikant stipriausig plazmos iskrovos jtampa (210-
250 V). Kombinacinio plazmos ir PEF efektyvu-
mas nustatytas tik naudojant 50-170 V plazmos
jtampa ir 1 PEF impulsa. PrieSingas efektas nustaty-
tas apdorojant stipriausia plazmos iSkrovos jtampa
(210-250 V) ir PEF. Gauta C. wvulgaris baltymy
koncentracija buvo mazesné, nei apdorojant su PEF
atskirai.

Siekiant iSsiaiskinti sumazéjusio baltymy ekstrak-
cijos efektyvumo priezastj bus atlikti tolesnj

kombinuoto plazmos ir PEF apdorojimo tyrimai.
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INDOOR-OUTDOOR INFILTRATION OF SUBMICRON
PARTICULATE MATTER IN THE MECHANICALLY VENTILATED
BUILDING
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Vadimas Dudoitis, Lina Davuliené, Mindaugas Gasparitnas, Vitalij Kovalevskij,
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Nowadays, natural ventilation is often replaced
or at least partially provided by a mechanical
ventilation/filtration system in modern buildings.
In low-energy buildings, outdoor particulate
matter (PM) enters the indoor environment
mainly through the ventilation system. Thus,
exposure to PM often depends on filtration
efficiency, temperature and humidity control,
and air exchange rate [1,2]. Several studies have
shown that mechanical ventilation and air
filtration systems can significantly reduce the
penetration of PM into residential and office
buildings [3,4,5].

The purpose of the study was to study the
chemical composition and sources of submicron
aerosol particles (PM;) indoors and outdoors to
assess the impact of atmospheric PM pollution
on indoor air quality.

Online measurements of PM; chemical compo-
sition were performed using an Aerosol Chemical
Speciation Monitor (ACSM (organics, sulfate, and
nitrate)) and an Aethalometer (equivalent black
carbon, BC). In parallel with the online measu-
rements, filter-based elemental composition and
were performed using a Particle-Induced broad-
beam X-ray Emission (PIXE) and a Single Stage
Accelerated Mass Spectrometer (SSAMS),
respectively. Measurements were carried out
during the heating season from 2020.10.15 to
2021.02.08 at the Center for Physical Sciences
and Technologies in Vilnius, Lithuania.

Emissions from biomass burining (BB) during the
heating season are an important contributor to
the carbonaceous fraction of PM; pollution in
Vilnius, Lithuania. The predominant share of
outdoor PM; was organic matter (49%), while
sulfates, nitrates and BC accounted for 25%, 17%
and 8%, respectively. The concentrations of
organic substances, sulfates, nitrates and BC in
the open air were 7.31 + 6.54 ug/m3, 3.74 + 2.95
ng/ms3, 2.50 + 2.33 ng/m3 and 1.20 + 0.97 pg/ms3,
respectively. Total trace elements account for
only 1% of outdoor PM; at an average mass
concentration of 0.16 + 0.09 pg/m3.

The concentrations of all PM; components were
significantly lower (~90%) indoors than outdoors
due to the use of a highly efficient three-stage
building filtration system (G4-F7-F9). The low
infiltration coefficient (~0.03) of all PM,
components studied indicates that the filtration
system provides a high degree of protection
against pollution by particles of various origins
and significantly reduces indoor PM; exposure.
The average contribution of organic matter,
sulfates, nitrates, BC and ME in the room was
59%, 24%, 11%, 5% and 1%, respectively. I/O ratios
of semivolatile PM; components depended on
the magnitude of the temperature and the
relative humidity gradients between indoor and
outdoor spaces. During the week, the
contribution of BB sources remained -~19%
(outdoors) and 21% (indoors). The I/O ratio of BC
was almost unchanged during the week (0.03 -
0.04) due to the absence of indoor sources
under non-occupied conditions.
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ORO TARSOS SALTINIY KILMES NUSTATYMAS VILNIAUS MIESTE

Audré Kalinauskaité, Inga Garbariené, Agné Mindveryté, Julija Pauraite,
Vadimas Dudoitis, Lina Davuliené, Kristina Plauskaité-Sukiené, Vitalij Kovalevskij,
Mindaugas Gasparitnas, Steigvilé By¢enkiené

Fiziniy ir technologijos moksly centras, Aplinkotyros skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p .: audre.kalinauskaite@ftmc.It

Intensyvesnis pirotechnikos gaminiy naudojimas
ir biomasés deginimas atvirose vietose jvairiy
Svenc¢iy metu sukelia staigy aerozolio daleliy
koncentracijos ore padidéjimg [1,2], kuris yra
zalingas sveikatai, ypa¢ pazeidziamoms visuo-
menés grupéms [3]. Pirmasis tyrimo tikslas -
iStirti pédsakiniy elementy koncentracijy svyra-
vimus 2020 m. lapkri¢io - 2021 m. sausio meén.
miesto foninéje aplinkoje (Vilnius, 54.64N, 25.18E).
Pasitelkus mazo tdrio méginiy émiklj SVEN
LECKEL, LVS6 ir rentgeno analizés jranga
CANBERRA SL30165 ir CANBERRA DSA1000
buvo atlikta vidaus ir lauko oro filtry (PTFE ir
PCTE) méginiy elementiné kiekybiné analizé.
Gruodzio 31 dienos lauko oro filtry méginyje buvo
nustatytos padidéjusios elementy koncentracijos
(ng/m3): K (271.1), S (439.3), Zn (33.4), Si (23.7),
Fe (17.8), Al (10.2), V (3.5), Co (2.00), Sc (1.4), Cr
(.7) ir Mn (1.1) (1 pav.).
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1 pav. Pédsakiniy elementy koncentracija ir indélis masés
koncentracijai lauko oro meéginiuose pries, per ir po
Naujujy mety 2020-2021 m.
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2 pav. Pédsakiniy elementy koncentracija ir indélis
masés koncentracijai vidaus oro méginiuose pries, per
ir po Naujujy mety 2020-2021 m.

Vidaus oro filtry méginyje, imto gruodzio 31 d.-
sausio 2 d., nustatytas koncentracijos (ng/m?3)
padidéjimas: K (77.8), S (45.3), Si (8.5), Cl (6.4),
Ca (1.8), Cu (1.8), Sc (1.2) ir Mn (0.4) (2 pav).

Koncentracijy padidéjimas buvo susijes su inten-

syvesniu fejerverky naudojimu ziemos Svendiy
laikotarpyje esant palankioms meteorologinéms
sglygoms oro tarsos stipréjimui atmosferos paribio
sluoksnyje.
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3 pav. CWT vertés 2022 m. birzelio mén.

Antrasis Sio tyrimo tikslas - nustatyti 2022 m.
birzelio meén. | Vilniy atkeliavusiy oro masiy,
turéjusiy didesne juodosios anglies (susidariusios is
biomasés deginimo, BCgg) koncentracija, galimus
Saltiniy regionus ir trajektorijas. Siam tikslui buvo
naudojami  klasterinés analizés, potencialaus
Saltinio indélio funkcijos (Potential Source Contri-
bution Function, PSCF) ir koncentracija normuotos
trajektorijos (Concentration Weighted Trajectory,
CWT) metodai. BC koncentracija buvo matuojama
septyniy bangos ilgiy (370-950 nm) Aetalometru
(A Magee Scientific Company Model AE3]
Spectrum, manufactured by Optotek, Slovenia)
Vilniuje (FTMC, 54.72N, 25.32E). 72 valandy
atgalinés oro masiy trajektorijos buvo klasterizuo-
tos j keturis klasterius: oro masiy slinkimas i§ SV (1
klasteris) sudaré 28.75%, iS V (2 ir 4 klasteriai)
sudaré atitinkamai 32.22% ir 9.44% bei iS R (3
klasteris) sudaré 29.58%. Didziausios BCgg koncen-
tracijos buvo stebétos oro maséms slenkant i§ SV
(017 pg/m®) ir R (0.18 ug/m?®) krypciy. PSCF
metodas parodé, kad potencialls BCgg Saltiniy
regionai buvo Baltarusijos, Rusijos SV ir Latvijos P
teritorijos. Tai patvirtina CWT vertés (3 pav.): oro
maseés, turéjusios didziausias biomasés deginimo
salygotas BC koncentracijas, keliavo i$ Baltarusijos,
Lenkijos V-R , Rusijos SV, Latvijos P bei Baltijos
jaros teritorijy.
Finansavima skyré Lietuvos mokslo taryba (LMTLT),
sutarties Nr. S-MIP-20-28.
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TECHNOLOGY OF 3D CERAMIC PRINTING
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Introduction

Additive manufacturing is defined by 1ISO 17296 and ASTM
F2792 to be “the process of joining materials to make parts
or objects from 3D model data, usually layer upon layer, as
opposed to subtractive manufacturing methodologies [1].
There are some different method to produce ceramic parts
from CAD model, Stereolithography (STL) is based on
exposure of UV-curing photopolymer (resin), which is
deposited layer-wise by a sweeper before the cross-section
is scanned by a focused laser beam according to the 3D CAD
data [2]. Fused Deposition Modeling (FDM) was firstly
commercialized by STRATASYS in 1991 for prototyping and
production of lost molds for investment casting and
injection molding. 3D parts are processed layer-wise by
extruding build material and supporting material through
heated nozzles, which move in lateral directions [3].
Selective Laser Sintering (SLS) was invented at the
University of Texas at Austin and patented by Carl Deckard
in 1989. During processing, thin layers of powder material <
100 um are repetitively deposited by a wiper onto the build
platform before the layer information is selectively sintered
according to the 3D CAD data. [4]

Development

On material preparation an ultrasonic separator developed
to separated agglomerated powder by remained powder
after processing and mixing new powder for continues
process, as ceramic powder are low density and fine so
separation process takes about twelve hours and mesh clog
rapidly, by ultrasonic sieve the separation time reduce to
five minutes.

Figure 1) Developed ultrasonic sieve for material preparation

For the wet ceramic 3D printer a servo mechanism and
screw based extruder designed and developed and 2 mm
diameter of final nozzle selected, As additive manufacturing
is a multidisciplinary technology [5] so a XYZ computer
numerical control needed for extruder movement by
predefined path. Yaskawa Motoman robot MHS5S, selected
6 DOF manipulator mechanism. This robot is a industrial
robot and required customized software for path
generation and then transform to robotic motion language.
For powder bed selective laser sintering a seven DOF servo

mechanism developed. For material chamber elevator,
product chamber elevator, powder roller rotation and
powder roller lateral movement, XYZ control of laser
scanning head, the SLS machine developed to for SLS and
SLM [7] technology for ceramic material.

T |

Figure 2) SLS and Robo"cic FDI\/.Indevelope'd machine

Experimental study

Based on literature about Ceramic selective laser sintering
Zirconium oxide and Zirconia, Alumina, Silica equal mixture
selected and by different energy density of diode laser by
976 nm wave length sintered to do single track test.

Conclusion
Additive manufacturing of ceramics become a technology
trend and two main technology in this filed are wet
extruding ceramic and dry powder bed technology, by the
developed machine its possible to test different material
and sintering laser wavelength which is not possible on
commercial available 3D printers.

References

1. Michael Schmidt, Marion Merklein Laser based additive
manufacturing in industry and academia (CIRP Annals -
Manufacturing Technology 66 (2017) 561-583)

2. S. Gruber, J. Stampfl, R. Felzmann, S. Springer & R. Liska.
Lithographiebasierte  Fertigung  keramischer  Bauteile.
RTejournal - Forum fiir Rapid Technologie, 8:(2011), 1-5.

3. Stratasys, Inc. Rapid Prototyping Using FDM: A Fast, Precise,
Safe Technology. In H. L. Marcus, J. J. Beaman, J. W. Barlow, D.
L. Bourell & R. H. Crawford, eds., Solid Freeform Fabrication
Symposium, 1992

4. C. R. Deckard. Method and Apparatus for Producing Parts by
Selective Sintering. U.S. Patent 4.863.538, 1989

5. C.K.Chua, K. F.Leong & C. S. Lim. Rapid Prototyping: Principles
and Applications (Singapore: World Scientific Publishing Co.
Pre. Ltd.), 2nd edn., 2003

6. J. Wilkes. Selektives Laserschmelzen zur generativen
Herstellung von Bauteilen aus hochfester Oxidkeramik. Ph.D.
thesis, RWTH-Aachen, 2009

7. | Yadroitsev¥*, |. Smurov (Selective laser melting technology:
from the single laser melted track stability to 3D parts of
complex shape), Physics Procedia 5 (2010) 551-560



FIZINIY IR
TECHNOLOGIJOS MOKSLY

: 1z@e&h

ADVANCES IN THE DESIGN OF WIRELESS SENSOR NETWORKS FOR
ENVIRONMENTAL MONITORING AND ITS IMPLEMENTATION USING
SSAIL TECHNOLOGY
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The functional aspect of loT technologies and
applications transforms real-world objects into
smart objects and joins everything under
common infrastructure to control them and
provide timely updates. Society needs a
complete environmental monitoring system for
the quality of life, green economy and pollution
control with easy-to-use functionalities and
maintenance. The proposed embedded sensor
node model with proprietary technology of
FTMC- Selective Surface Activation Induced by
Laser (SSAIL) to manufacture electrical circuits
on free-shaped plastic bodies of the sensors with
electronics [1]. A low-cost asynchronous web
server for monitoring temperature and humidity
sensors connected to the ESP32 Wi-Fi module
has been developed.

Data from sensor nodes across the facility are
collected and displayed in real-time charts on a
web server. Multiple web clients on the same
network can access the sensor data. The energy
to the sensor nodes could be powered by
harvesting energy from the surrounding sources
of electromagnetic radiation. This automated
and self-powered system monitors environment-
tal and climatic factors, helps with timely action,
and benefits sensor design by allowing antenna
and rf-circuit formation on various plastics, even
on the body of the device itself [2].

Slave Node
) Power Unit
diar Cireu
|| Matcing
Netver

RF Energy Harvester

Base Station

Master Node

T2 3 i 3 v |

Communication
Unit

Sensing Unit  Processing Unit

Fig. 1. Sensor node Architecture

The proposed loT-based temperature and
humidity monitoring framework comprises sensor
nodes with ESP32 Wi-Fi module and a DHTMN
temperature and humidity sensor with a power
supply. In this research, the ESP32 microcontroller
with a dual-core processor, and Wi-Fi connectivity
was used. The sensor nodes connect with a base

station either directly or via Wi-Fi-enabled nodes
near the base station. The base station provides
connectivity to the internet. Sensor data can be
obtained via connecting to the internet.
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Fig. 2. Overview of hosting PHP application and
MySQL database

The estimated total power consumption of the
sensor network with ten nodes is presented in
Table 1 below. In light of the numerous
communication channels, its duty cycles have been
brought up for discussion. This particular operating
regime has a duty cycle of 10 min intervals.

1 Table Power consumption of sensor network
If one duty If one duty Overall
Nodes cycle is 10 min,| cycle is 1h, Consumption
mwW mwW per Day, mW
1 8,450 1,408 33,792
2 0,845 0,412 3,408
3-10 0,845 0,412 3,408
Time synchro- 0,845
nisation ) )
Overall Power consumption 65,31
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INVESTIGATION OF THE TRANSPORT OF PU-239,240 AND CS-137
IN THE WATER SYSTEM CURONIAN LAGOON - NEMAN RIVER

Vitaliy Romanenko, Galina Lujaniené, Semcuk Sergej, Jonas Mazeika, Olga Jefanova

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

Sediment transport with surface water is an
important process in river systems, redistributing
nutrients and pollutants. Particle-reactive radio-
nuclides are a suitable tool for studying such
processes [1].

The Curonian Lagoon area is a collector of
sediments and associated substances from the
catchment area of the Neman River with an area of
about 100,458 km2 The catchment area is
contaminated with caesium and plutonium due to
global fallout from nuclear weapons testing and
the Chernobyl accident. The radionuclides enter
and disperse in the area of the Curonian Lagoon
and the coastal area of the south-eastern part of
the Baltic Sea in the area of the Klaipeda Strait (Fig.
.

Fig. 1. Scheme of transport of radionuclides of fallout
on particles with surface runoff.

In this work, the content of plutonium and caesium
in bottom sediments and suspended matter of the
Neman River, the Curonian Lagoon and the south-
eastern part of the Baltic Sea was investigated. The
approximate annual inflow of radionuclides into
the Curonian Lagoon with suspended sediments
was calculated.

The theoretically estimated 232240pPy input from the
Neman catchment is ~0.9 Gb/year. This estimation
was based on assumption that the average
plutonium inventory in the catchment area is 39
Ba/m? [2]. The residence time of plutonium in the
catchment was set to 3,000 years for the
calculations, which corresponds to an annual
erosion rate of 0.023%. The calculations show that
the amount of plutonium that accumulates in the
lagoon each year is about 0.56 Gb.

The activity of ¥’Cs in suspended sediments in the
water of the Neris River ranged from 5+2 Bg/kg

to 10 + 3 Bg/kg with a geomean value of 6.7 Bg/kg.
Cesium activities were determined in the three
fractions of suspended sediments: 0.2-1 mkm, 1-
20mkm and >20 mkm. The higher activities were
observed in the fraction >25 mkm (Fig. 2).

CS-137

LAGOON MRIVER

0.17

0.2-1 MKM 1-25 MKM >20 MKM

Fig. 2. Cesium activities (Bgm3) in suspended
sediments.

The activity level of ¥’Cs in the fine fraction (<63
mkm) of bottom sediments was close to the
suspended sediments at 5 Bag/kg. Based on
previous observations, it was assumed that about
80% of the cesium occurs in dissolved form in the
Neman River. The total flux is estimated to be
0.44 Ci/year, which is close to the previous
estimates [3].

The analysis of the plutonium content in bottom
sediments in the coastal area of the south-
eastern Baltic Sea, where sediments are
discharged from the Curonian Lagoon, was
carried out. In the studied depth interval from 11
to 117 m, an increase in the range of plutonium
concentrations from 0.03-0.15 to 0.12-1 Bg/kg is
observed, which is explained by increased
sedimentation rate per unit area as a result of
sediment focusing processes.
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Black carbon (BC) particles have gathered
worldwide attention due to their impacts on
climate and adverse health effects on humans in
heavily polluted environments. Therefore, it is
crucial to deepen the knowledge of aerosols
chemical composition and pathways of formation.
Aerosol main chemical components were
investigated in the urban environment of Malila
mega-city: Quezon City's East Avenue roadside
(QCG site) and Manila's North Port (Port site),
Philippines by using aerodynamic particle sizer
(APS), and Athalometer. The measurements
were carried out during a 3-months period (20-
12-2019 to 26-02-2020) in winter season.

Time series, diurnal trends, source apportion-
ment of black carbon (BC) and particle size
distribution, cumulative percentage of particulate
matter (PM;, PM2ys, PMyp) were analysed. During all
measurement period black carbon emission from
transport BCtr had higher contribution (71-72 %)
to the total black carbon than black carbon from
wood burning BCwg (28-29%). Diurnal trends of
BCtr and BCws were assessed in order to
characterise possible day and night aerosol
chemistry and sources. Diurnal trend of BCrr at
QCG site and Port site showed a higher mass
concentration (2.27 pg'm™3 and 0.59 ugm
respectively) during morning hours (3-6 h) and
lower mass concentration (0.76 ug'm=3and 0.19
pMg'm™3 respectively) during daytime (11-12 h).
Similar trend was observed for BCwg mass
concentration, which reached maximum (0.81
pg'm~3and 0.19 ug'-m-3respectively) between 3-6
h and minimum (0.35 ug'm= and 0.16 pg-m3
respectively) between 11-12 h (Fig 1).

During all measurement campaign particulate
matter (PM;, PM2ys PMyo) had higher average mass
concentration (43.45 1 12.01 uyg-m3, 102.09 + 25.95
pug'm3, and 326.18 + 48.05 ug-m respectively) at
the QCG site than the Port site particulate matter
(PM;, PMys, PMyo) average mass concentration
(37.04 + 9.38 yg'm3, 101.38 = 21.69 ug'm3, and
245.03 + 48.05 ug 'm3 respectively). PMasand PMyo
mass concentration at the QCG site and Port site
reaches levels that are higher than the world health
organization (WHO) (PMys = 15ug/m3, PMjy =
45p9/m3) and Philippines (PHL) (PMys =
50pg/m3, PMio = 150pg/m3) clean air Act 24h
limit. In addition to that daily limit set by WHO

(PM2s = O5ug/ms3, PMio = 15p9/m?3) and PHL clean
air Act (PMzs=25ug/ms3, PMyo= 60pg/m?3) for PM,5
and PMjp mass concentration were also exceeded
during all the time of measurement campaign at
both sites (Fig 2). Alas et al,, (2018) in his study
found the same results with the higher mass
concentration of PMays PMips and frequently
exceeded the WHO and PHL daily standards. He
also explained that the highest contributor to PM2s
is traffic sources and soot is a major component
of PMys in Manila [1]. The results of this study
could provide a better understanding regarding
climate changes in Manila at local and global
scale.

25

I EC-, QCG Site
I BCws QCG Site
I BC; Port Site

2 [ BG g Port Site
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Fig. 1. BCtr and BCws diurnal trend at manila
port site and QCG site.

—t

PM, (ug/m?) PM (ug/m?) PM,, (kg/m’)

Fig. 2. Frequency count and cumulative frequency of
PMi;, PM2s and PMio at manila port site and QCG site
along with PHL 24 h (bold yellow line) limits for PMa2s
and PMo.
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The increasing demand in magnetic field sensors
and high-performance magnetometers has
resulted in the rapid advance of various sensor
technologies [1]. Different areas of sensor
applications require diverse properties, from
high sensitivity and detectivity for biomedical
applications to a wide range of magnetic field
sensing for industrial and scientific applications.
Recent technological progress allows the
fabrication of compact, small physical dimension
sensors with increased sensitivity and reduced
cost for mass production. Among commercially
available MR sensors, the performance of which is
based on such physical phenomena as anisotropic,
tunneling, and giant magnetoresistance (AMR,
TMR, and GMR, respectively) [1,2], the colossal
magnetoresistance effect (CMR) is also promising
for future sensor development technologies
[3,4].

For a long time, the main disadvantages of the
CMR effect - high sensitivity to ambient
temperature variations and low room-
temperature sensitivity to the magnetic field -
were the main obstacles in the development of
the CMR sensor technologies up to higher
technological readiness levels (TRL).

In  this study, the results of colossal
magnetoresistance (CMR) properties of Las-
xSrxMnyOz (LSMO) films grown by the pulsed
injection MOCVD technigue onto an Al,Os3
substrate are presented [5]. The grown films
with different content of Sr (0.05 <x < 0.3) and
Mn excess (y>1) were nanostructured with
vertically aligned column-shaped crystallites
spread perpendicular to the film plane. It was
found, that the microstructure, resistivity, and
magnetoresistive properties of the films strongly
depend on the strontium and manganese
concentration. All films (including low Sr
content) exhibit a metal-insulator transition
typical for manganites at a certain temperature,
Tm. The Tm vs. Sr content dependences for films
with a constant Mn amount have maxima that
shift to lower Sr values with the increase in Mn
excess in the films. Moreover, the higher the Mn

excess concentration in the films, the higher the
Tm value obtained. The obtained low-field MR
values were relatively high in comparison to
those published in the literature for lanthanum
manganite films prepared without additional
insulating oxide phases. It can be caused by high
Curie temperature (383 K), high saturation
magnetization at room temperature (870
emu/cm?), and relatively thin grain boundaries of
the nanostructured films. The obtained results
allow to fabricate CMR sensors for low magnetic
field measurement at room temperature.
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Development of silicon based Hybrid multi-phase fresnel lenses for THz frequencies
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Abstract: Engineering of hybrid diffractive
fresnel lenses capable of efficient THz beam focusing is
the main aim of this research work. The hybrid multi-
phase Fresnel lenses (H-MPFLs) were successfully
developed demonstrating up to 10 % higher values as
compared to the standard design MPFL at target 0.585
THz frequency. The optimal phase offset was found to
be of +1/4 independently on the hybridization order of

the H-MPFL samples.

Diffractive optical elements, such as Fresnel
lenses, define the beam shape by describing the phase
and amplitude distribution of incident wave at the focal
plane. Such Fresnel lenses may have different phase
profiles like binary or multi-level step pattern that are
of the order of wavelength to achieve a constructive
interference of the beam. The MPFL introduces
multiple phase shifts in the order of 2r/Q instead of
only phase shift equal to 2m leading to high diffraction
efficiency of the beam. The design of standard MPFL
and H-MPFL can be described by analytical equation
[1,2]:

A m
27\n<F+—2Q(\/E_1)(1+§)> 232

Q Q'

r, =

here rn is the outer radius of nt" subzone, F is the focal
length (F=13mm), A is the designed wavelength
(A=0.512mm), Q — the number of phase quantization
levels (Q=8), € — the refractive index of HRFZ-Si
substrate used (€ = 3.45), and m — the optimization
factor of phase. The depth of single subzone was

. _ A m _ .
defined as d = ) (1 + 8). The H-MPFL with two

times smaller amount of phase quantization levels at
outer most zones were developed of high resistivity
silicon by using the direct laser ablation technology. The
focusing gain of hybrid lenses was found to be up to
10 % higher in comparison to a standard design MPFL
(see Fig.1) validating a new approach suitability for
development of new diffractive optical elements with
much simpler and less complex fabrication details
suitable for on-chip integration with other THz devices.
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Fig: The simulated focusing gain characteristics at focal plane for
the standard MPFL sample and two optimized H-MPFL1 and H-
MPFL2 samples. The results are shown in semi-log scale, where
dB =10 log (Gain). Inset shows the gain characteristics of the same
samples in linear scale in zoomed area. Note, bottom axis is in
millimeters, whereas top is normalized to the design wavelength A.
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INVESTIGATION OF TRANSMISSION AND EMISSION
SPECTRA OF 2D PLASMONS IN GRATING-GATED AlGaN/GaN
HETEROSTRUCTURES AT TEMPERATURE 80 K
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Electrically-driven  tunable-frequency terahertz
(THz) oscillators are desire solid-state devices for
many new applications [1,2]. Electrical strength,
high electron mobility, and temperature stability of
[lI-nitride heterostructures serve as a promising
material for the development of plasmonic devices
in the THz range [3]. In this work, THz spectroscopy
of 2D plasmons in grating-gated AlGaN/GaN high-
electron mobility transistor (HEMT) heterostructures
were investigated in the transmission and emission
geometries at liquid nitrogen temperature. The
plasmonic samples were fabricated by positioning
periodic metal stripes on top surface over an area
of about 2 x 2 mm?2 Three gratings with a filling
factor of 50 % and the period of 600 nm, 800 nm,
and 1000 nm were fabricated on the same sample
with a size of about 10 x10 mm? in order to
minimize fabrication uncertainties and
nonuniformity of material parameters The
transmission spectra of the 2D plasmons were
recorded using THz TDS system in the frequency
range of 0.1-4 THz. The emission spectra of the
same samples were measured by FTIR
spectrometer in a wider spectrum range applying
meander shape, 3 ms duration, and 50 % duty cycle
pulses to the plasmonic sample via source (S) and
drain (D) terminals. Sample picture and arrangement
of the contact pads are shown in inset of Fig. 1.

A fundamental 2D plasmon mode was observed in
all  plasmonic samples with grating period.
Plasmons were identified as the distinctive
minimum and inflection point in the transmission
amplitude and phase spectra, respectively. The
change of grating period from 1000 nm to 600 nm
resulted in the blue-shift of the resonance position
frequency and in the increased of quality factor
values from 1.4 THz to 2.2 THz and from 3.5 to 5.6,
respectively [4]. The absorption spectra were
found by taking a logarithm of respective
transmission spectra of the plasmonic sample. The
absorption spectrum of the sample with grating
period of 800 nm with the spectral resolution of 8
cm™ (without Fabry-Perot fringes) is shown in Fig.
1, by red line. Measured emission spectrum from the
same sample is shown in Fig. 1, by black line.
Notably, only a 2D plasmon related features was
observed in the emission spectrum without the
black-body radiation or shallow impurity

electroluminescence owing to the successful
optimization of the AlGaN/GaN HEMT structures
and usage for the development of our plasmonic
samples [3]. The peak position and FWHM values
were found to be similar in both spectra. In
additional, the 2D plasmon resonance was found to
be modified by the photon-based oscillator
originating in a Fabry-Pérot cavity [5]. As the result
Rabi splitting of 2D plasmon resonance was
observed in the emission spectrum demonstrating
split value of 345 GHz being much larger than
previously reported in Ref. [6].
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Fig. 1. Measured emission (black line) and absorption (red line)
spectra for the plasmonic sample with grating period of 800
nm. Inset: photograph of plasmonic sample with arrangement
of transistor contacts (A, B, G, H stand for interdigitated gates,
S and D - for source and drain, respectively).
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Sub-THz RESPONSIVITY OF AlGaN/GaN BOW-TIE DIODES
AT THE TEMPERATURES OF 295K AND 80K
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Terahertz (THz) detectors operating at the room
temperature, that are compact and have a fast
response time are highly desired. The
AlGaN/GaN high electron mobility transistor
(HEMT) structures are used for various types of
THz detectors such as the antenna-coupled field-
effect transistors (TeraFETs) [1], Schottky barrier
diodes [2], hot-electron micro-bolometers [3],
and bow-tie (BT) diodes [4].

In this work, the planar BT diodes as THz
detectors were characterized in sub-THz
frequency region at selected temperatures of
295 K and 80 K. Principle operation of the BT
diode relies on a 2DEG heating in the apex of
geometrically shaped semiconductor under
antenna-coupled electric field [3,5]. A quasi-
optical setup was used for detection of Gaussian
beams at discrete frequencies of 150, 307, and
600 GHz. At 295 K temperature, the responsivity
was investigated using a 12 mm diameter hyper
hemispherical Si lens integrated with the BT
diode, which on average increased the detected
signals by about 80 times. The zero-bias
responsivity was almost identical for 307 and
600 GHz frequencies demonstrating the value of
R=72+22 mV/W which was up to 2.6 times larger
than that at 150 GHz. The increase of the
responsivity by up to 50 times was found with
applied moderate voltages, for example 1V, to
the BT diodes. At low temperature, the
responsivity was found to be up to 20 times
higher than that at room temperature mainly due
to increased mobility of the 2DEG. Furthermore,
at 80K temperature, the responsivity
characteristic exhibited local maxima in the
biasing region below *1V demonstrating an
optimal region for hot-2DEG operation [3].
Voltage dependent responsivity at 80 K and
295 K temperatures was compared at 150 GHz

and 307 GHz frequencies for the BT diodes
mounted in a cryostat without Si lens. The results
revealed the responsivity values to be
independent on the polarity of bias voltage and
on the frequency in sub-THz region.
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DISIPACINIS PARAMETRINIS STIPRINIMAS SUPERGARDELESE:
SILPNO SIGNALO STIPRINIMO YPATUMAI
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Puslaidininkinés supergardelés yra laikomos
viena i$ tinkamiausiy struktlry aukstadaznio
parametrinio stiprinimo procesams tyrinéti [1,2].
Paskutiniu metu tokios struktlros sulaukia
ypatingo démesio, dél galimybés jy pagrindu
sukurti mazus, galingus ir nasSius terahercinés
spinduliuotés Saltinius.

Parametrinio stiprinimo effektas supergardelése
buvo teoriskai numatytas daugiau nei pries tris

deSimtmecius. Effektas remiasi galimybe
pridéjus, nuo supergardelés parametry
priklausantj, iSorinj elektrinj lauka, patalpinti

struktlra | neigiamo diferencinio greiio rezima.
Buvo parodyta, kad gaunamas stiprinimo efektas
pasizymi placiu dazniy ruozu, nors iki Siol nebuvo
jokio eksperimentinio parametrinio stiprinimo
supergardelése jrodymo.

Sio pristatymo metu bus pateikti pirmi
disipacinio parametrinio stiprinimo
puslaidininkinése supergardelése eksperimentio
jrodymo rezultatai, gauti naudojant AC ir DC
iSorinius elektrinius laukus [3]. Eksperimento
metu gautas daugiadaznis spektras priskiriamas

n—1 n—2 n=3
I
v
=4 n=5 =6
C, - Hn
f Ho

i
= S
N\

=7

v L

tiek iSsigimusiemes, tiek neissigimusiems
parametrinio stiprinimo procesams. Siekiant
nustatyti sglygas, kad supergardeléje prasidéty
daugiafotonés generacijos procesai, panaudotas
teorinis mazo signalo stiprinimo modelis.
Naudojantis mazo signalo stiprinimo modeliu
patvirtinama, kad tokiose supergardelése vienu
metu vyksta daugybé daugiafotoniy stiprinimo
procesy. Pateikiamos didelio signalo stiprinimo
modelio, nusakancio stiprinimo ribos salygas,
pirmineés iSvados.
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Pav. 1. Pavieniy daugiafotoniy generacijos procesy superpozijos algoritmas, kuris buvo atliktas siekinat jrodyti,
kad vienu metu supergardeléje vyksta daugybé daugiafotoniy stiprinimo/generacijos procesy.
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Indzio arsenidas (InAs) dél savo isskirtiniy
savybiy yra viena iS svarbiausiy IlI-V grupés
puslaidininkiniy medziagy turinti ypaC platy
pritaikyma optoelektronikoje. Pakankamai siauras
draustiniy energijy tarpas (~0,354 eV) leidzia jj
taikyti infraraudonosios (IR) spinduliuotés detek-
toriuose bei emiteriuose, o labai maza elektrono
efektiné masé (0,023 m,) leidzia kurti ir efektyvius
kvantinius kaskadinius lazerius (QCL) bei taikyti
terahercinése technologijose. Vystant Sias
technologijas, yra poreikis turéti kuo didesnj
krdvininky tankj InAs kristaluose. Taciau, taikant
jprastus molekuliniy pluosteliy epitaksijos (MPE)
metodus, Siai dienai galima pasiekti kravininky
tankj iki 10" cm3 lygio. Virsijus $ig ribg, InAs
kristaliné kokybé smarkiai krenta, uzauginti
dariniai tampa polikristaliniai ir nebéra tinkami
sudétingiems optoelektroniniams prietaisams. Si
problema ir yra spendziama Siame darbe.

Sio darbo tikslas buvo pasiekti InAs kravininky
tankj, kuris siekty 10 cm3, kai InAs savitasis
kravininky tankis yra ~1 * 10> cm3. Remiantis M.
Shiba darbais [1], buvo iskelta hipotezé, kad |
InAs gardele jterpus daugiau As antisaity, galima
sukurti papildoma kiekj defekty, kurie galéty
sugeneruoti daugiau laisvyjy kravininky ir
nenukentéty bendra kristaliné kokybe. Siam
tikslui pasiekti buvo nuspresta mazinti InAs MPE
auginimo temperatlrg. Mazesné temperatlra
sumazina As desorbcijg i$ kristalinio sluoksnio.
Jprasta auginimo temperatira siekia 400-500 °C,

mes Siame darbe pasirinkome naudoti 150-250 °C.

Zematemperatdriniai InAs  sluoksniai buvo
auginami naudojant laidzius GaSb padéklus.
Dariniy struktdrg sudaré: GaSb padéklas, GaSb
iSlyginamasis sluoksnis, AISb plakiruojantis
sluoksnis (kravininky atskyrimui) ir zematem-
peratirinis InAs sluoksnis. Auginimo tempera-
tdros buvo parinktos 150, 200 ir 250 °C remiantis
MPE reaktoriaus nustatymais. Buvo uzauginti
trys bandiniai (VGS0053, VGS0056 ir VGS0O057).
Siy bandiniy kravininky tankis buvo i§matuotas
naudojantis Holo matavimais ir pateiktas zemiau
esancioje lenteléje:

1 lentelé. Krhvininky tankis ir judris
Bandinvs Auginimo tem- |KrGvininky tipas Judris
Y peratdra (°C) | ir tankis (cm™) | (m2/(V-s))
VGS0053 200 N 8*1018 621
VGS0056 250 N 7,6*1018 805
VGS0057 150 N 1,23*108 547

IS lentelés matyti, kad Zzeméjant MPE auginimo
temperatdrai, kravininky tankis iSauga net 3
eilémis lyginant su InAs savituoju laidumu. Nors
ir nevir$ija 10" eilés tankio, taciau pavyko
uzauginti auksStos kristalinés kokybés n-tipo
sluoksnius netaikant legiravimo donorinémis
priemaisomis (Si arba Te).

Taip pat buvo istirtos Siy bandiniy THz
spinduliuotés generacijos savybés. Siame tyrime
buvo naudojamas femtosekundinis, kintamo
bangos ilgio lazerinis zadinimas ir registruotas
THz impulsas. Rezultatai pateikti 1 pav..
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1 pav. VirSuje: THz emisijos impulso amplitudés
priklausomybé nuo Zadinimo fotono energijos (esant 5
mW intensyvumui). Apacioje: THz emisijos spektras.

L—]

Sunormuota amplitudé (S.M.V.)

Matome, kad visi bandiniai gali generuoti THz
spinduliuote. Nors intensyvumas néra didelis, bet
tai galimai lemia N tipo kravininky buvimas, kai
optimaliausias yra P tipas. Taip pat, yra pasiekia-
mas platus THz emisijos ruozas.
Nors ir nebuvo pasiektas pageidaujamas kravinin-
ky tankis, taciau pademonstruota galimybé padi-
dinti krGvininky tankj InAs medziagoje netaikant
priemaisinio legiravimo. Tai ypac¢ aktualu norint
iSvengti amfoteriniy Si savybiy. Manoma, kad
papildomai taikant legiravimg Si arba Te priemaiso-
mis, INAs medziagos auginimas zemoje tempera-
tdroje leis pasiekti ypac aukstus laisvy kravininky
tankius islaikant monokristaline InAs struktara.
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MULTIPLE FANO RESONANCES IN PERIODIC METAMATERIAL
CAUSED BY PLASMONIC RESONANCE AND DIFRACTION

Andrius Kamarauskas, Dalius Seliuta, Gediminas Slekas, Zilvinas Kancleris

Center for Physical Sciences and Technology, Department of Physical Technologies,
Saulétekio av. 3, LT-10257 Vilnius, email: andrius.kamarauskas@ftmc.It

Advances in THz frequency generation [1] pave
the way for various electromagnetic wave
manipulation techniques. THz sensors [2],
filters [3] and polarizers [4] just naming a few.
Low loss dielectrics become backbone of any
THz device. Combining low loss dielectric with
novel technique of copper deposition on
polytetrafluoroethylene (PTFE) substrate
allowed us to investigate Fano resonance.
Single Fano resonance has been observed in an
array of split ring resonators (SRR) on the thin
dielectric substrate due to plasmonic and lattice
mode interaction [5]. Weak coupling of external
electric field with dark mode induces high Q
factor resonance. The coupling of the dielectric
waveguide modes (DWMs) with the plasmonic
mode is responsible for multiple Fano resonance
in SRRs on a thick dielectric substrate.
Metamaterial simulations are performed using
CST Studio suite by modelling a single cell the
sides of which are surrounded by periodic
boundary conditions. Plane-wave is excited at
the front with an electric field vector orientation
depicted in Fig. 1.

Fig. 1. Schematics of the mirrored array of SRRs and
cut out single unit cell. The thickness of the substrate
d =1200 um, its dielectric constant (¢ = 2), dimensions
of resonators Lx =1200 um, Ly = 600 um, A = 500 um,
W =G =50 um.

Modelling shows that first order diffraction
(marked by colors Fig. 2) couples with n=3
plasmonic mode. By increasing substrate thickness,
this coupling induce one, two, or even three Fano
resonances, as shown in Fig. 2. Different colors
indicate the coupling of DWMs O, 1, 2 to n=3
plasmonic mode. Using the selective surface
activation by laser method [6], the 10 um copper
layer is grown on the 1 mm thick PTFE substrate.

Applying standard photolithography technique,
the SRRs are etched using a modified RCA
solution (30:5:1 H;O:HCIL:H,02). Measurements
are performed using THz spectrometer Toptica
Terascan 780. The measurement results, in
general, confirm the modeling predictions.

L,=1200 um, L, = 600 um, d = 1200 um

1,0 ;
Lx = 1200 um
0.8 =
]
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go,fi - =
g
0.4
<
t
H
02+ | .
. omz .
0.0 P p—
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Fig. 2. Transmission spectrum of multiple Fano
resonances. Letter n illustrate plasmonic resonance
number, numbers in colored sections used for distinguish
different waveguide modes. Group of marked
resonances belongs to 1st order difraction.

In this work, we elucidate the reasons for the
appearance of multiple Fano resonances in a
mirrored array of split ring resonators deposited
on a thick dielectric substrate and demonstrate
them experimentally.
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CONTRIBUTION OF SURFACE LATTICE TO THE PROPAGATION
LENGTH OF STRONGLY COUPLED TAMM AND HYBRID SURFACE
PLASMON POLARITONS

Justina Anulyté*, Ernesta Buzavaité-Verteliené, Vilius Vertelis,
Evaldas Stankevicius, Kernius VilkevicCius, Zigmas Balevicius
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Recently various metallic  nanostructures
(grating arrays) have been employed in order to
minimize losses in the metals. Metallic lattices
exhibit narrow plasmonic resonances compared
with randomly distributed metal nanoparticles or
propagated surface plasmon resonances[1].
Attention to the nanophotonic - plasmonic
structures which are able to support extended
coherence properties under strong coupling
arises from their promising applications to the
plasmonic lasing[2] or advanced bio-sensing[3].
The total internal reflection ellipsometry (TIRE)
method was used for the excitation and study of
strong coupling between Tamm plasmon
polariton (TPP) and surface plasmon polariton
(SPP) in nanophotonic structures with 1D
photonic crystal (PC) and lattice of gold nano-
bumps array on the top. The sample used for the
hybrid TPP-SPP mode excitation consisted of a 1D
PC and thin metal layer of gold nano-bumps (~50
nm) produced by direct laser writing The PC
being used was made of 5 alternating TiO2
(99.95% purity, Umicore) (-110 nm) and SiO2
(99.99% purity, Umicore) (200 nm) bilayers
attached throught the optical contact to a BK-7
glass substrate by means of ion beam sputtering.
The Au (99.99% purity, EM-Tec) film was
deposited on PC using magnetron sputtering
method and then the gold nano-bumps were
produced by using second-harmonic (515 nm) of
300-fs laser pulses generated by Yb:KGW based
fs-laser (Pharos, Light Conversion Ltd.). Recent
studies have shown that lattice of gold nano-
bumps induced the generation of additional
Bragg mode, related with lattice period which is
not involved in the strong coupling of hybrid
TPP-SPP polaritonic mode. The detailed analysis
has shown that propagation length of SPP
increased, meanwhile the TPP decreased, due to
the formation of additional Bragg mode. The
optical dispersion and propagation features of
plasmons in 1D PC with uniform gold layer and
the lattice of gold nano-bumps array were
analysed by two coupled oscillator model and
wave-vector vs. energy broadening. For the
nanostructures with uniform gold layer the
evaluated propagation length was in between
8SPP~5.56.5 m and 8TPP~6.59.5 }{m for SPP and

TPP components in the hybrid polaritonic mode,
respectively. Meanwhile, the changes induced by
periodic gold surface lattice gives a longer
propagation length for SPP  component
3SPPlattice~70.5 {fn and a decreasing length for
TPP OTPPlattice~5.588.5 Mm. The obtained results
demonstrate a novel approach to control and
change the propagation length under the strong
coupling regime between TPP and SPP
components in the hybrid plasmonic mode by using
surface lattice arrays. The fabricated nanophotonic-
plasmonic structures shows the potential impact of
direct laser writing method (DLW) as a cost
effective, fast and large area, for creating integrated
photonic devices with designed properties, in this
case changing the propagation length and
coherence properties in the hybrid plasmonic
mode. The application of surface lattice resonan-
ces together with strong coupling regime leads to
decreasing losses, resulting in the increasing
propagation length and better coherence
properties of such plasmonic excitations, which in
turn promises advanced properties for low
electrical consumption or threshold less plasmonic
based coherent emission nano-sources.

BKT () BK7 (c)
PC PC
6 pairs Ti0,/Si0, 6 pairs Ti0,/Si0,

Au lattice

Ethanol

Fig. 1. (@) Structure geometry consisting of gold nanobumps
lattice with diameter of ~370nm, a period of ~652nm. The TPP
mode is excited in PC/gold layer interface and the hybrid surface
plasmon polariton (HSPP) mode is excited in the structure by
coupling the SPP mode and the Bragg mode (BM). (b, ¢)
Scheme of excitation configurations for hybrid TPP-SPP mode
(b) and SPP-HSPP (c) structures, total internal reflection (TIR)
configuration of spectroscopic ellipsometry with a 70° prism
coupler was used. The scanning electron microscopy (SEM)
micrograph of uniform (50 nm) Au layer (d) and array of nano-
bumps lattice on the same thin gold layer (e).
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INVESTIGATION OF ELECTRICAL AND WEARING PROPERTIES
OF WOOL FABRIC COATED WITH PEDOT: PSS

Julija Petkevicilté; Audroné Sankauskaité, Ausra Abraitiené

Department of Textile Technology, Center for Physical Sciences and Technology,
Kaunas, Lithuania

Instrinsically conductive polymers (ICPs) such as
PANI, PPy, PEDOT:PSS are used to form
conductive coatings or electrically conductive
tracks, are introduced into textiles by
conventional methods and are either fixed with a
binder or reacted directly with the functional
groups of the fibres. Developing electrically
conductive textiles, it is important not to
compromise the usual properties of wearing
comfort, breathability, flexibility, softness,
resistance to repeated washings and mechanical
stress. The electrical conductivity of textiles can
be provided by the use of natural and chemical
fiores with conductive additives of various
natures (metals, oxides, carbon, etc.). This study
presents the investigation of electrically
conductive fabrics with low resistivity using
exhaust dyeing method with an aqueous PEDOT:
PSS commercial formulation named Clevios F ET
and by screen printing method - Clevios S V3.
The modification of low - pressure plasma with
nitrogen (N2) gas was used to perform the
changes of wool fibre surface morphology.
Plasma treatment imparted hydrophilicity,
reduced felting, increased adhesion, improved
dye ability and ensured that more PEDOT: PSS
negatively charged sulfonate (-SOz) counter
ions would be electrostatically bounded with the
cationic protonated amine (-NH2) groups of the
wool fiber. In this work we propose to use a novel
type of additive such as divinyl sulfone (DVS)
crosslinker to improve the properties of PEDOT:
PSS film on wool fabric such as water solubility
and delamination, resistance to mechanical
effects without reducing electrical conductivity.
The surface morphology of the plasma modified
and unmodified wool fabric was observed with
scanning electron microscopy (SEM) (see Fig. 1).
PEDOT:PSS formulations dyed, screen printed,
dyed and screen printed wool fabric samples
were characterized by X-ray photoelectron and
FTIR-ATR spectroscopy. The samples color
difference measurements showed that more

intense color were received on primary N, gas
plasma modificated in comparison with
unmodified. After testing of colour fastness to
washing and wet rubbing were received better
results after DVS crosslinker compared without
DVS. Were also investigated an influence of DVS
crosslinker on electrical properties of PEDOT:PSS
treated wool fabric. The resistivity measurements
of samples showed no significant reduction in
conductivity.

(a) (b)
Fig .1: SEM images of wool fabric surface: Clevios F ET
dyed (a), N2 plasma-treated and Clevios F ET dyed
(b); magnification 500x.

Keywords: conductive textiles, plasma treatment,
surface modification, DVS crosslinker, PEDOT:
PSS, wool fabric
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THE OPTOELECTRONIC PROPERTIES AND LAYER MORPHOLOGY OF
TRIPLE CATION METAL HALIDE PEROVSKITE SOLAR CELLS
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Metal halide perovskites attract considerable attention
due to their remarkable properties revealing potential
applications in optoelectronic devices such as solar cells,
photodetectors or light emitting diodes. For solar cells,
metal halide perovskites are attractive for their unique
features such as high value of the absorption coefficient
across the entire visible spectrum range. This allows to use
a thin perovskite film with inherent high carrier mobility
and long carrier diffusion length [1]. Possibility of fine
tuning the band gap allows using perovskite layer as a top
sub-cell in a tandem SC.

This study is focused mainly on perovskite solar cells with
the active layers with the general form of
Csx(MAo.17FAo0.83)(100-x)Pb(10.83Bro.17)3.  Inclusion of
cesium makes the triple cation perovskite compositions
more stable due to lesser amount of phase impurities and
decreased processing sensitivity.

Intensity, a.u.

20, deg

Fig 1. Perovskite layer XRD patterns.

Incorporating small amount (x = 0.1) of cesium cations into
the perovskite precursor leads to enhanced power
conversion efficiency (PCE) of the solar cells resulting mainly
from significant rise of the short-current density and the fill
factor value. Further increase of Cs concentration (x > 0.1)
decreases the film’s phase purity, carrier lifetime and
correspondingly reduces PCE of the solar cell. Higher
concentration of Cs (x 2 0.2) causes phase segregation of the
perovskite alongside with formation of Cs-rich regions
impeding light absorption [2-3].

Fig 2. Schematic step-like representation of the perovskite solar
cell formation.

In this communication the influence of cesium
concentration on the peroskite morphology, layer crystal
structure, photoluminescence and optical properties of the
triple cation perovskite solar cells will be discussed.
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APPLICATIONS OF FULL FIELD OPTICAL COHERENCE TOMOGRAPHY

Karolis Adomavicius, Vytautas Jakstas, leva Zi¢kiené, Austéja Treciokaite,
Danielis Rutkauskas, Egidijus Auksorius

Center for Physical Sciencesand Technology, Department of Optoelectronics
Saulétekio av. 3, LT-10257 Vilnius, email: karolis.adomavicius@ftmc.It

Optical coherence tomography (OCT) is an
interferometric imaging method - widely
used for retinal imaging - that can image
deep in tissue. Classical OCT systems are
based on confocal microscope where image
is obtained by scanning retina point-by-point
in xy plane by galvo mirrors. Full-field OCT
(FF-OCT), shown in Figure 1, uses a camera
instead of a single point detector, which
eliminates the need to scan sample laterally
and achieves higher lateral resolution (1}m in
3D)[1]. By eliminating scanning and obtaining
the whole 2D image at once, it can help
increase the imaging speed and, for example,
reduce artifacts produced by involuntarily
eye movement. However, in order to obtain
full 3D data of a sample, it has to be scanned
axially. On the other hand, if Fourier-domain
(FD) data acquisition method is used by
utilizing a tunable narrowband light source,
axial scanning becomes redundant.
Furthermore, if the fastest CMOS camera is
employed in FD-FF-OCT, itbecomes suitable
for high-speed eye imaging applications[2].

camera

+() IS0
t

Light

source < objective

Fig. 1. Basic scheme of FF-OCT setup.

2dUalajal

However, crosstalk formation in images has
been limiting the technique’s performance
preventing from seeing choroid in the human
retina. A spatially incoherent light source, as
produce, for example, by coupling the laser
in @ multimode fiber [3], can be used to
remove crosstalk, as it makes laterally
scattered photons that are detected in other
pixels average to uniformity.

As well as retinal imaging, FF-OCT is a
powerful tool for detecting microcracks,
impurities and deformations in optical
glasses. Subsurface damage induced during
manufacturing processes contributes to
reduction in performance of optical
components[4]. Full field OCT as non
destructive tool could provide higher quality
control during manufacturing. We will
present various applications of FF-OCT that
employed innovative FF-OCT optical
schemes.
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MINIMIZED POTENTIOSTATS: A PROMISING SOLUTION FOR
ELECTROCHEMICAL SENSING APPLICATIONS
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An electrochemical potentiostat can monitor the
electrochemical response between different
electrodes and electrolytes and perform
different measurement methods, such as
voltammetric [1], pulsed techniques [2], and
amperometric [3]. Conventional potentiostats
are expensive, and require a high power
compared to other sensing modules. Minimized
potentiostats offer a promising solution to save
space and power and provide a suitable solution
for in-field sensing applications and wearables
technology.

Palmsens Pico EmStat module [4] is an
integrated circuit that can operate on a 5 V
battery and functions as a potentiostat with
several analogue and digital 1/Os peripherals
allowing integration with other sensors/devices.
In addition, the EmStat can communicate with
Arduino and MATLAB, which gives the power for
further programming and customized
applications. Customized applications; in this
work, electrochemical sensing. Sensing applica-
tions can benefit from using such a programm-
able potentiostat with several peripherals by
implementing an application-based/customized
code or routine of measurements

Figure 1 shows the plain EmStat Pico module and
the module’s interfacing to communicate with
the PC.

(a) (b)

Fig. 1. (@) The plain EmSTat Pico module (b)
Interfacing of the module.
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EFFECT OF AMMONIUM MOLYBDATE ADDITIVE ON THE MORPHOLOGY
AND COMPOSITION OF FORMIC ACID ANODIC ALUMINA
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Valve metal anodizing is a widely applied and
convenient process for obtaining ordered oxide
nanomaterials with controllable properties. The
anodizing conditions, such as anodizing voltage,
type of electrolyte, its concentration and tempe-
rature, significantly influence the morphology
and composition of the obtained coatings and
films'. Usually, anodic treatment of Al in HCOOH
solution resulted mainly in pitting-like surface
etching followed by forming a thin oxide filmZ.
However, it was shown that aluminum anodize-
tion in an aqueous solution of formic acid with
the additive of sodium vanadate leads to forming
of porous alumina films3. So, we aimed to study
the effect of ammonium heptamolybdate
additive on the morphology and composition of
the formic acid anodic alumina.

The aluminum specimens were prepared using
high-purity aluminum foil (99.99 wt. %, 100 pm
thick, 20 x 20 mm, AlfaAesar). Then they were
pretreated in a hot solution of 1.5 M NaOH for
15 s, neutralized in 1.5 M HNO3z for 2 min, then
carefully rinsed in distilled water and air-dried.
The samples were anodized from one side in the
aqueous solution of 0.4 M formic acid and
0.03 M (NH4)sM06024 (pH 3.1) in the thermos-
tated (18 °C) two-electrode Teflon electro-
chemical cell in which the platinum grid was used
as a counter electrode at 60-100 V for 60 min.
Then aluminum was chemically etched in the
solution containing CuCl, and HCI to investigate
the reverse side (i.e.,, anodizing front) of the
samples. The morphology of the products
obtained was investigated by scanning electron
microscopy (SEM) using a scanning electron
microscope FEI Quatra 200F. The linear sweep
voltammetry (LSV) technique was applied to
characterize the electrochemical oxidation of
aluminum in the aqueous solutions of 0.4 M
HCOOH and 04M HCOOH and 0.03M
(NH4)sM06024 in the anodizing voltage (Ua)
range of O-100 V at 18 °C. The applied voltage
was increased with a constant rate of 100 mV s™.
The composition of the films was studied by
thermogravimetry (TG)/differential thermal
analysis (DTA) coupled with mass spectrometry,
infrared (IR) and X-ray photoelectron (XP)
spectroscopy.

According to SEM, the anodic alumina/carbon
composites possess a hierarchical structure with
multi-branched pores with a dense, cracked

cover layer on the film surface. On the reverse
side, hexagonal-shaped cells with an average
diameter of about 180 nm were formed (Fig. 1.
Linear sweep voltammetry and current transient
curves demonstrated that the anodizing process
is non-steady. Al anodizing in formic acid is
hardly possible and requires special conditions,
so the LSV curve has one linearly increasing
region at 25-55V, corresponding to the
beginning of local and pitting corrosion on the
Al surface. Nevertheless, if ammonium hepta-
molybdate is added to the formic acid solution,
the situation changes: current overshoot at
U, = 53-67 V is observed. TG/DTA showed that
the average carbon content is ca. 5.5 mass.%.
According to IR, carbon embedded in the
alumina is in the form of CO,, CO, carboxylate
ions, and a-C:H. It was also established that
alumina/carbon composites could be formed at
voltages below 100 V, which can be critical for
practical applications of the process. XPS study
of the surface and reverse (i.e., anodizing front)
sides of the films proved that carbon is not only
on the surface but also homogeneously
distributed through the oxide layer.

% Z -
Fig. 1. SEM images of the surface of anodic alumina
film formed in the agueous solution of 0.4 M HCOOH
and 0.03 M (NH4)sM07024 at 80V, 18 °C for 60 min.
The inset shows the reverse side SEM view of the
anodic film.

References

1. G. D. Sulka, in Nanostructured Anodic Metal Oxides
(Elsevier, 2020).

2. S. Tajima, Electrochim. Acta, 22, 995 (1977).

3. AJagminas, V.Klimas, K.Chernyakova, V.Jasulaitiene,
Materials 15, 2700 (2022).



FIZINIU IR
TECHNOLOGIJOS MOKSLY

S, CENTRAS

&
\

:*?ﬁz@eéh

TWO-DIMENSIONAL COMPOSITE BASED ON CHITOSAN-GRAPHENE
OXIDE ASSESSMENT OF ANTIMICROBIAL ACTIVITY
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Antibacterial properties of stable, uniform, high
surface coverage films of chitosan-graphene
oxide with embedded, non-leaching bimetallic
nanoparticles have been studied. The physical
properties of the films and the diffusion kinetics
of copper and its oxides as well as platinum
particles were analyzed. The results showed that
the antibacterial polymer coating of 1.5%
bimetallic nanocomposites had acceptable
physical properties with a film thickness of
around 0.9 nm. The diffusion kinetics of the
synthesized copper and its oxides as well as
platinum particles in chitosan-graphene oxide
membranes follows the Fick’s diffusion law. This
composite material was characterized by
scanning electron microscopy, X-ray
diffractometry, energy dispersive X-ray analysis
(EDX), atomic force microscopy (AFM), UV
visible spectrometer, and Fourier Transform
Infrared Spectroscopy (FTIR). The thin films
manufactured showed an inhibition zone of 11
mm on agar plates. Moreover, the addition of
bimetallic nanoparticles changed the wettability
and stability of water of the thin films. The
prepared films offered effective antibacterial
activity. The fabricated thin films were tested
against E. coli, which qualified them for food
packaging and biomedical applications.

A 10.1 nm

-8.4 nm

Fig. 1. Film thickness of synthesized bimetallic hybrid
membranes measured by Atomic Force Microscope.

In addition, a migration model for nanoparticles
is established to explore the migration ratio of
nanoparticles for the 95% ethanol food simulant.
Moreover, a machine learning approach is
proposed to estimate the swelling degree in
nanocomposite membranes. The suggested
approach can provide insightful information for
creating two-dimensional materials with reduced
time for time-consuming tests.

Investigating effective parameters
on Zone of Inhibition

Collecting data

Selecting data division of 70:30, as
data was similar to data of ANN
model

Data division of 70:30

Developing ANN

Developing MLR model and
obtairing equation
Assign Activation Function

Changing Neuron number for each
run

Testing results and Calculate error
Indices Collecting data

Determining Best fitting model for
Z01

Fig. 2. Flowchart of the comparison of ANN and MLR
models for estimate of metal ion permeation and zone
of inhibition.
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OF Cs(lI) AND Co(ll) ON THE MUSCOVITE MICA CLAY/GRAPHENE
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Nuclear energy is one of the possible sources of
green energy. The demand for this type of energy
is increasing, as evidenced by the brisk
construction of new nuclear power plants.
However, this will also increase the amount of
nuclear waste, which may increase the release of
radionuclides into the environment. In addition,
atmospheric nuclear weapons tests and nuclear
accidents, such as those at the Chornobyl nuclear
power plant and Fukushima Daiichi, are also
sources of radionuclide contamination.
Radionuclide pollution is one of the negative
factors affecting the environment [1]. Clays and
their minerals are effective natural adsorbents for
radionuclides. Due to their low cost and wide
availability, they are a useful basis for the
production of composite materials. The
combination of clays/minerals with other
potential adsorbents (graphene oxide/
maghemite magnetite) makes it possible to
increase the efficiency of radionuclide removal
from the environment due to a synergistic effect.
The aim of this study was to investigate the
adsorption behaviour and mechanism of caesium
and cobalt ions on the muscovite mica
clay/graphene oxide/y-Fe;0Oz-FezO4 and to
model the adsorption capacity of the composite
by an adaptive neuro-fuzzy inference system
(ANFIS).

The specifics of the synthesis of the composite,
its  characterisation, the conditions for
conducting batch experiments, the calculations
of isotherms, kinetics, thermodynamics of
adsorption, and modelling by ANFIS are
presented in [2]. The results of the batch
experiments showed the dependence of the
adsorption behaviour of Cs(l) and Co(ll) on the
initial concentration, the mass of the adsorbent,

the contact time, the temperature, and the pH.
The experimental data are in better agreement
with the Freundlich, Langmuir, and pseudo-
second-order models. According to the Weber-
Morris intraparticle diffusion model, the
adsorption of caesium and cobalt is controlled by
film and mixed diffusion, respectively.
Furthermore, adsorption on the composite was
non-spontaneous and spontaneous endothermic
for Cs(l) and Cod(ll), respectively. It was found
that the adsorption of ions on the composite was
by multilayer and monolayer adsorption and that
the type of adsorption was mixed and included
both chemical and physical adsorption.
Moreover, the results of ATR-FTIR and XPS show
the interaction of the ions with a large number of
functional groups of the composite. The ANFIS
model has proven to be a suitable tool for
predicting the adsorption capacity of the
composite and 3D surface modelling results
indicate a complex and non-linear process of ion
adsorption.
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KONCENTRAVIMO ANT DUJU
ELES PRITAIKYMAS MATUOJANT

TERPENY KONCENTRACIJAS MEGINIUOSE
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Darbo metu buvo tiriamas sukonstruoto dujy
chromatografinés sistemos priedo prototipas ir
jo pritaikymas terpeny junginiy analizei. Dujy
chromatografija (GC) placiai naudojamas jvairiy
organiniy junginiy analizei. Didzioji dalis
cheminiy matavimy laboratorijy kasdien naudoja
GC metoda. Nors GC egzistuoja daugiau nei 50
mety, bet vis dar ieSkoma bldy patobulinti §j
metodg. Vienas i bldy pagerinti GC
charakteristikas yra sukurti papildomus modulius
[1, 21. Misy laboratorijos sukonstruotas
prietaisas sukurtas remiantis kriofokusavimo
technologija [3]. Pritaikydami miasy sukurta
prototipa, siekéme pagerinti GC sistemos jautr]
matuojant terpeny junginius.

Injectar

Recorder
Det [
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-
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1 pav. Dujy chromatografinés sistemos su
kriofokusavimo moduliu schema.

Jprastinéje dujy chromatografijoje anali¢iy
misinys jpurskiamas | dujy chromatografijos
sistemg, po to jos atskiriamos GC kolonéléje ir
iSmatuojamos naudojant detektoriy. Naudojant
musy prototipg, po injekcijos analités buvo trumpam

sustabdytos naudojant iki -60 °C atSaldytg GC
kolonélés dalj, o staiga pakaitinus toliau keliavo
iSilgai kolonélés iki detektoriaus.

Prototipas pritaikytas terpeny junginiy analizei
(a- Pinenas, B-Kariofilenas) is pluostiniy kanapiy
(lot. Cannabis Sativa) augalo. Laboratorijoje
sukurtas metodas sékmingai validuotas.
Nustatytos metodo aptikimo (LOD) ir nustatymo
(LOQ) ribos: a-Pinenas - LOD 0,35 ir LOQ 1,05
ppb; B-Kariofilenas - LOD 0,23 ir LOQ 0,68 ppb.
Santykinis standartinis nuokrypis a- Pinenas -
6,67 %, B-Kariofilenas - 6,82 %. IS gauty rezultaty
galima daryti iSvada, kad metodas tinkamas
terpeny junginiy kiekio nustatymui pluostinése
kanapése.
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2 pav. a-Pineno (mélyna), B-Kariofileno (raudona)
kalibracinés kreivés.
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Even though Paris agreement entered in to force,
Greenhouse gas emissions during period of
2010-2019 year continued to rise (1). Increasing
CO, emissions cause global climate problems,
such as global weather temperature increase.
One of the solutions of this problem could be
electrochemical CO; reduction. CO, reduction
depending on reaction conditions gives a variety
of products ranging from CO, HCOO~, HCHO,
CH4, CH3OH, C2+ hydrocarbons (e.g. C2H4, C2H6)
and oxygenates, to higher hydrocarbons (2). In
combination with solar electricity it could work
as energy accumulator with zero-carbon
emission.

Cu electrode used in CO; reduction to Ci-C;
products is the most important and efficient (3).
Simple polycrystalline Cu electrode has rather
small electrochemically active real surface
wherefore its efficiency is low. Different
techniques of deposition and/or etching have
been attempted to enlarger electrochemically
active real surface area of Cu electrodes. The gas
evolved Cu foam deposition from acid sulfate
solution (Fig. 1) is one of promising high
electrochemically active surface area Cu
electrode production method.

The purpose of this research is to find simple,
reliable, on-desktop method for measurement of
electrochemically active surface area of Cu
electrode and to evaluate the influence of acid
sulphate solution additives on deposited copper
honeycomb-like structures. There are several
electrochemically active real surface area
evaluation methods. Cu oxidation-reduction
method (Cu.O monolayer formation) and
underpotential deposition (UPD) of Pb
monolayer were chosen to measure electro-
chemically active real surface area. To evaluate
surface differences electrodes were analyzed
with Scanning Electron Microscopy (SEM), while
its phase composition and the grain size were
evaluated using X-Ray diffraction (XRD).

Fig. 1. SEM image of Cu honeycomb-like structure
made by electrodeposition (3 A/cm2 current density
for 20 s) from 0.5 M CuSO4 + 2.5 M H2SO4 electrolyte.

XRD analysis have shown that deposited Cu
electrodes consisted of Cu and CuxO phases, and
their grain size varied around 21 nm and 26 nm.
It has shown no changes in size or phase whether
additives in acid sulphate solution were used or
not. Measured electrochemically active real
surface area of Cu electrode deposited from a
solution with HCI| as additive, has showed 1.7
times greated value in comparison with Cu
electrode deposited from solution without
additives.
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Some of the chemical processes are pH dependent
and because of that pH measurements are
important. There are systems where traditional
glass electrodes cannot be used and flat, flexible
sensors are needed. One method of detecting
hydrogen ions is the employment of pH-sensitive
conductive polymers [1].

Conductive polymers belong to the classes of
polyenes or polyaromatics such as polyacetylene,
polyaniline, polypyrrole, and polythiophene.
Some of them have unique conductivity
mechanisms or electrodes modified with them
are stable in the air [2]. These polymers are often
used in the development of chemical sensors. An
increase in response signal and a decrease in
noise levels is one of the advantages of
conductive polymer-based sensors [3].
Electrochemical synthesis lets deposit conductive
polymer as a film directly on an electrode surface.
This lets us control the spatial arrangement of
immobilised molecules, formed film thickness and
monitor their activity. Conductive polymers often
increase the transfer speed of electrodes and their
deposition placement can be controlled [3].

The aim of this work is to develop a sensor for
pH monitoring that could be used in washing
systems in the food industry. For this, we used
laser induced graphene (LIG) modified with
polyfolate (PFA). Formed sensors were used to
detect pH in the pH range from 6.0 to 9.0.
Electrodes were characterised electrochemically
and microscopically, pH was determined using
potentiometry (PA).

LIG electrodes were formed on a polyimide (PI)
foil surface using a picosecond laser. Depending
on the used irradiation wavelengths, which were
355 nm and 532 nm, different samples were
made (LIG355 and LIG532). The exposed
working area of the LIG electrodes was 1.0 x 0.5
cm? which was separated using chitosan (Chit)
and nail enamel coating on the top. The working
area was cleaned electrochemically and folate
(FA) was polymerised on top of it [1]. Then,
electrodes were dried in the air for 1 day and the
obtained sensors were named PFA/LIG355 or
PFA/LIG532. In order to increase the stability of
sucha sensor, before FA polymerisation, LIG

electrodes were coated with Chit solution and
dried in air for 1day, in this case, the sensors were
named PFA/Chit/LIG355 or PFA/Chit/LIG532
(Fig. 1.

Fig. 1. PFA/Chit/LIG electrode.

The stability of modified LIG electrodes was
tested using potentiometry. The results show
that additional Chit increases electrode stability.
Potentiometric PFA/Chit/LIG355 and PFA/Chit/
LIG532 response to pH show that with LIG532
sensor is more sensitive to pH than LIG355.
PFA/Chit/LIG532 sensitivity is +30.32 * 0.50
mV/pH, while PFA/Chit/LIG355 sensitivity when
increasing pH is -26.89 * 0.97 mV/pH, when
decreasing pH is 28.83 + 0.65 mV/pH. This shows
that PFA/Chit/LIG532 can be used as a sensor.
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Na-ion agueous batteries, a safer and cheaper
alternative to Li-ion batteries, despite their
environmental benignity and compatibility
with highly ionically conductive electrolytes,
suffer from inherently narrow electrochemical
stability window (1.23V) limited by both
oxygen (OER) and hydrogen (HER) evolution
reactions. [1] The latter causes inferior cycling
stability which can be attributed to the
overlapping of hydrogen/anode material
redox potentials.

Several strategies have been established in
attempt to suppress the undesirable effects of
hydrogen evolution. One of them, increasing
pH to shift the HER potential, might have a
deteriorating effect on most of anode active
materials. [2] Another approach utilizes
water-in-salt electrolytes which reduces the
overall amount of free water on the electrode.
[3] However, there is no reported satisfactory
HER inhibition for common non-toxic and
cheap salts, which increases the price and
compromises stationary application’s perspec-
tives. A more appealing and promising way to
eliminate the unbounded water is by
introducing additional, highly polar, solvents
into agqueous electrolytes. DMSO and glycerol
have been shown to suppress water
decomposition in aqueous batteries due to
altering solvation structure (scheme 1). [4]
The aim of this work was to investigate the
effect of the hybrid electrolyte with varying
aprotic solvent and its mole fraction on HER
potentials and cycling stability of NaTi2(PO4)s
based anodes. The HER potential of prepared

electrolytes was evaluated by cycling
voltammetry and the cycling stability of
NaTi2(PO4)3 based anodes was investigated
by charge/discharge galvanostatic cycling in
three-electrode cells where working and
counter electrode are separated by a ™M
NaNOs salt bridge.
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Scheme 1. Schematic illustration of water-polar
solvent interaction.
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An increasing consumption of fossil fuels, which
are still the world’s leading energy source, and
the emission source of CO», have caused multiple
environmental severe problems such as pollution
and climate change [1]. In order to meet the Paris
climate agreement goals of future energy
requirements [2], as well as climate neutrality by
2050 [3], the development of renewable energy
sources has become more and more urgent.
Although the electricity generated by wind
turbines, solar panels or hydropower is clean and
safe, the supply is an intermittent and requires
large-scale storage devices to obtain a balance.
Electrochemical energy storage has many
desirable features such as pollution-free operation,
high round-trip efficiency, a wide range of power
and energy, long cycle life and low maintenance,
as well as easy integration into the grid [4,5].
Li-ion batteries are more and more widely used
as rechargeable power sources, owning to their
high energy and power density. However, the
high cost of Li and necessary transition metals as
well as safety issues related to the use of highly
flammable electrolytes have pushed towards the
search for alternatives. Na-ion batteries and
especially their aqueous variants are attracting
particular attention as potential candidates for
large-scale energy storage because of the
accessible and unlimited Na resources and
elimination of certain rare transition metals.
Moreover, the aqueous aspect makes them
significantly safer, non-flammable, low cost and
environmentally friendly in comparison to the
current Li-ion technology [6,7].

Compounds with a mixed polyanion framework
have recently gained attention as a new class of
compounds for material exploration. The
potential tunability of the structure by using
various combinations of polyanions can
potentially lead to a novel cathode. However, the
redox reaction in complex structures often
involves complex structural evolutions during
the electrochemical reaction, which require
careful analysis. In this work we synthesized and
investigated several polyanionic compounds
with different redox couples: Na;V4(PO4)(P207),

NasFez(PO4)2(P207), NasMnz(PO4)2(P207) as
electrode materials Na-ion batteries. Different
organic electrolytes (IM NaPFg in diglyme or
EC:DEC) as well as agueous ones (IM NaxSOy,
28m KAc+8m NaAc, 8m NaTFSI etc.) were tested
with all these materials.
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Fig. 1. Galvanostatic cycling of NasFe3(PO4)2(P207)
electrode in different organic electrolytes.
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Goals:

1. Prepare an accurate and very efficient semi-
empirical QM model capable of predicting pKa
values of primary sulfonamides while using the
Protein Ligand Database (PLDB) containing
molecular structures and experimental pKa values.

2. Select/create an efficient conformer generation
algorithm to generate stable molecular conformers.
3. Optimize selected conformers using DFT and
semi empirical GFN2-xTB methods. Analyze
nitrogen-sulfur bond length (of sulfonamide group)
of optimized structures.

4, Model pKa values against N-S bond length,
compare DFT and xTB methods, evaluate model
accuracy and efficiency, propose possible errors in
experimental data.

Methods:

For this study the PLDB database was selected
containing 141 experimental pKa values of drug-like
primary sulfonamide compounds. The data was
extracted by filtering experiments carried out at
25 °C. The molecular objects were generated using
the Rdkit Python package and subjected to 4
different conformer generation algorithms: 1)
knowledge based semi-random Rdkit conformer
generator, 2) physics based CREST'algorithm, 3) in-
house semi-physics based Rdkit-DFTB algorithm, 4)
Auto3D? algorithm based on Rdkit and machine
learning potentials. Rdkit, ASE® and DFTB+
packages were used for creating the Rdkit-DFTB
conformer generation algorithm. An in-house script
was used to force hydrogens of sulfonamide group
into anti- conformation. GAMESS-US* software
package was used for DFT (B3LYP VIR, 6-311g with
implicit H.O solvent) optimization of selected
conformers. xTB software package was used for
GFN2-xTBS optimization with implicit H.O solvation
of selected conformers.

N-S bond lengths were extracted from optimized
structures using an in-house script for recognizing
atoms of sulfonamide group in molecules. pKa - N-
S bond models were prepared by correlating N-S
bond length with experimental pKa values for both
DFT and GNF2 optimized structures.

Results and conclusions:

4 conformer generation algorithms were tested in
order to select the most accurate and fast option.
Auto3D algorithm was identified as the most
efficient for this case study. Even though stable con-
former quality is very similar to CREST and Rdkit-
DFTB, it is much faster than both counterparts. On
the other hand, if we were to deal with non-

covalently bound systems CREST would be the only
option because it is a completely physics based
algorithm and makes use of molecular dynamics.
DFT and GFN2 pKa - N-S models yielded R2 values
of 0.75, 0.74 and AME of 0.30 and 0.31 respec-
tively. The underperformance of semi empirical
GFN2 method mostly arises due benzenesul-
fonamide structures with orta- substituted
halogens (F, Cl, Br). Since, experimental pKa data
mostly consisted of primary benzenesulfonamides,
non-benzenesulfonamide compounds are predict-
ted with bigger pKa error in both models due to
different electronic densities around the N-S bond.
In order to accurately predict pKas for non-benze-
nesulfonamides improvements for the model has
to be made by introducing more descriptors.

Even though the semi empirical model slightly
underperforms compared with the DFT model it is
much more efficient so that it is possible to make
predictions in a GoogleColab environment on any
device with an internet browser.
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Fig. 1. GFN2 pKa model of PLDB database. Green area
denoted for possible 0.3 pKa experimental error.

Since the model uses only one descriptor it is easy
to evaluate experimental data while searching for
experimental/database errors. One such error was
already confirmed by comparing experimental pKa
values with the PubChem database for 4-amino-
benzene-1-sulfonamide. Experimental pKa value
for this compound in the PLDB database was 9.72,
whereas the predicted pKa was 10.62 which
strongly agrees with PubChem entry (pka=10.6).
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3D CuNi KATALIZATORIAI MODIFIKUOTI Pt NANODALELEMIS
NATRIO BOROHIDRIDO OKSIDACIJAI
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Siuo metu vienas i§ atsinaujinanciy energijos
Saltiniy yra kuro elementai, kur cheminé energija
tiesiogiai paver¢iama elektros energija. Siuo
metu didelis démesys skiriamas naujy efektyviy
katalizatoriy paiesSkai arba esamy kuro elementy
tobulinimui, kurie leisty padidinti katalizatoriy
efektyvumg, taip pat sukurti pagrindg naujy
technologijy kdrimui. Visi zino, kad tauriyjy
metaly katalizatoriai, tokie kaip platina, auksas ir
kiti jy lydiniai efektyviai katalizuoja natrio
borohidrido oksidacijg. Taciau tokie katalizatoriai
yra labai brangis, todél ieSkoma alternatyvos.
Darbo tikslas - suformuoti efektyvius ir
nebrangius 3D strukttros CuNi/Ti katalizatorius,
ir juos papildomai dekoruoti nedideliu platinos
nanodaleliy kiekiu bei istirti jy savybes natrio
borohidrido oksidacijos reakcijai. CuNi danga
buvo gauta taikant elektrocheminio nusodinimo
metoda (/=1.5 Acm™, t= 3,6 ir 9 min) ant titano (Ti)
pavirsiaus. Elektrolito tirpalas buvo sudarytas is 0.5
M NiZ* jony, o Cu?* jony koncentracijos svyravo
nuo 0,01 iki 0,02 M. Pt nanodalelés buvo
nusodintos ant CuNi/Ti katalizatoriy, panardinant
CuNi/Ti elektrodus | 1 mM H,PtCls 25 °C
temperataros tirpalg 1 min.

Paruosty katalizatoriy morfologija ir sudétis
iStirta naudojant skenuojancig elektronine mikro-
skopijg (SEM) ir indukciskai susietos plazmos
optinés emisijos spektroskopijg (ICP-OES).

b) CurNi/Ti-2 B

¥ JEL i, 4 ]
1 pav. SEM vaizdai 3D Cu-Ni/Ti katalizatoriu.

) PINICu-1Ti [

2 pav. SEM vaizdai 3D Pt(Cu-Ni)/Ti katalizatoriy.

Tiriamy CuNi/Ti ir Pt(Cu-Ni)/Ti katalizatoriy
elektrokatalizinis aktyvumas natrio borohidrido
oksidacijos reakcijai buvo jvertintas, uzrasSant
ciklines voltamperogramas 0,05 M NaBH4 + 1M
NaOH tirpale, skleidziant elektrodo potencialg 10
mV s greiciu, esant 25 °C temperatrai. CuNi/Ti
ir Pt(Cu-Ni)/Ti katalizatoriy aktyvumas taip pat
buvo tiriamas tiesioginiame natrio borohidrido-
vandenilio peroksido kuro elemente. Suformuoti
CuNi/Ti ir Pt(Cu-Ni)/Ti katalizatoriai buvo
naudojami anodo medziagomis, o Pt elektrodas -
katodo. Anolitu pasirinktas 1 M NaBHs+ 4 M
NaOH tirpalas, o katolitu - 5 M H,O, + 1,5 M HCL.
Kuro elemento matavimai buvo atlikti esant 25,
35, 45 ir 55 °C temperataroms.

Tyrimo metu buvo nustatyta, kad 3D struktlros
Pt(Cu-Ni)/Ti katalizatoriuose Pt jkrova svyravo
nuo 6 iki 21 ugptcm=2. Naudojant paruostus Cu-
Ni/Ti ir Pt(Cu-Ni)/Ti anodus, galios tankis
padidéja nuo 1,2 iki 1,7 karto, keliant temperatlrg
nuo 25 iki 55 ¢C. Tiesioginio borohidrido vande-
nilio peroksido kuro elemento didziausias galios
tankis 239 mW cm2 buvo pasiektas prie 25 °C
esant srovés tankiui 28T mA cm™? bei 0,85 V
elemento jtampai, naudojant Pt(Cu-Ni)/Ti-3
katalizatoriy su Pt jkrova 19 pgpicm=2. Tiesioginio
borohidrido vandenilio peroksido kuro elemento
didziausias specifinis galios tankis - 27,5
MW uget”!, pasiektas esant 25 °C temperatirai,
naudojant Pt(Cu-Ni)/Ti-4 anodg, kai Pt jkrova
buvo 6,35 pgptcm2.

3D struktlros Pt(Cu-Ni)/Ti katalizatoriai yra
perspektyvids ir gali bati naudojami kaip anodo
medziagos tiesioginiams Sarminiams borohidrido
kuro elementams.
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Vandenilio gavyba pasitelkiant elektrocheminj ar
fotocheminj vandens skaldymag pastaruoju metu
susilaukia daug démésio. Sie metodai yra tvards
ir gali bati pritaikomi aplinkg tausojancios
energijos gamybai. Tac¢iau, vandens skaldymui is
ragstiniy ar Sarminiy tirpaly reikalingas tinkamas
katalizatorius. Yra zZinoma, jog geriausias
vandenilio elektroredukcijos katalizatorius yra
platina, taciau dél pastarosios kainos bei
skurdaus istekliy kiekio, norint §j metoda
pritaikyti pramonéje, reikalingos alternatyvos
platinos katalizatoriams. Viena iS perspektyviy
alternatyvy laikomas molibdeno disulfidas
(MoS2)[1]. Tai yra pigi bei netarsi medziaga,
taciau jos termodinamiskai stabiliausia fazé yra
puslaidininkiné (2H-Mo0S;), o vandenilio jony
adsorbcija vyksta tik ant Sios sluoksniuotos
medziagos briauny. Todél yra ieSkoma bldy
padidinti elektrokatalizinj molibdeno disulfido
aktyvuma jvedant jvairius priedus, taip siekiant
stabilizuoti metaline (1T-MoS,) faze ir padidinti
katalitiSkai aktyviy viety skai¢iy medziagoje [2].
Sio darbo metu, nanolapelinés molibdeno
disulfido dangos buvo formuojamos

hidroterminés sintezés badu ant Ti/TiO, padeékly.
Taip pat, hidroterminés sintezés metu buvo
jterpiamas priedas: DL-histidino amino ragstis.
Dangy morfologija tiek be priedo, tiek sintetinant
su DL-histidinu nesikeicia (1 pav.)

1 pav. Ti/TiO2 pagrindo pavirsiaus SEM nuotraukos
prieS (a) atliekant hidrotermine sinteze ir po (b)
sintezés, naudojant DL-histidina.

Suformuoty dangy elektrokatalizinés savybés
buvo tyrinétos pasitelkiant ciklinés voltampero-
metrijos metoda (2 pav.). Buvo pastebéta, jog
MoS, dangy elektrokatalizei reikalingas didesnis
virSjtampis, lyginant su platinos elektrodais.
Sintentinant dangas be priedy, elektrokatalizins
aktyvumas vykstant reakcijai prastéja ir jau po
500 cikly srovés tankiai yra penkis kartus
mazesni, lyginant su pradiniais. Tuo tarpu dangos,
formuotos su DL-histidinu pasizymi ne tik
didesniais pradiniais srovés tankiais, taciau ir
iSlaiké savo elektrokatalizinj aktyvuma nepakitusj
viso tyrimo metu.
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2 pav. MoS: elektrokatalizatoriy srovés tankio
priklausomybé nuo cikly skaiciaus: (A) - MoS,, (B) -
MoS2/DL-his. Intarpe pavaizduotos katalizatoriaus be
priedo ir platinos CV kreivés.
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SKRUZDZIU RUGSTIES OKSIDACIJOS TYRIMAS ANT
Ni IR Cu KIETUJUY PUTU
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Klimato kaitos isSukiai, karai ir energetinés krizés
skatina véjo, saulés energetikos technologijy
tobulinima ir vystyma, taciau tuo pat metu ir kity
alternatyviy energijos Saltiniy panaudojimas
jgauna daug didesne prasme. Kuro elementai yra
vienas i$ alternatyviy energijos gavimo budy,
kuris chemine reakcijy energijg vercia j elektros
energijg. Labai svarbig role kuro elementuose
uzima kuro oksidacija ir deguonies redukcija,
atitinkamai ant anodo ir katodo.

Todél yra skiriamas didelis démesys vystomy
kuro elementy anodo ir katodo medziagy
kdrimui ir tobulinimui. Medziagos naudojamos
anodui ar katodui turi pasizymeéti kataliziniu
aktyvumu naudojamo kuro: vandenilio,
metanolio, etanolio, hidrazino, natrio borohidrido
ir kt. oksidacijos ir deguonies redukcijos reak-
cijoms. Tik tobulinant ir kuriant naujas medziagas
galima tikétis proverzio esamy ir naujy kuro
elementy nasume ir taikyme praktikoje.

Tyrimo metu buvo atliekamas Ni ir Cu kietyjy
puty katalizatoriy formavimas, naudojant
cheminj medziagy nusodinimg ant Ni ir Cu kietyjy

150 ] — NilCuggn

- Ni/Nifnam

100
Ni(OH), NIOOH

50 A CuO formation

1/ mA

Ni(OH),
-50

-100 1

40 08 -06 04 02 00 02 04 06
E/V (Ag/AgCH)
1 pav. Ni/Cu (mélyna) ir Ni/Ni (zalia) kietuyjy puty CV

uzrasytos 1 M NaOH tirpale, kai skleidziamo elektrodo
potencialo greitis 50 mV s

puty pagrindy. Ni ir Cu kietosios putos buvo
padengiamos Ni sluoksniu, panaudojant cheminj
nikeliavima. Su gautais katalizatoriais buvo
atliekami skruzdziy ragsties oksidacijos elektro-
cheminiai tyrimai.

Suformuoty Ni ir Cu kietyjy puty katalizatoriy
katalizinis aktyvumas buvo tyrinéjamas skruz-
dziy ragsties oksidacijai Sarminéje terpéje, taikant
cikline voltamperometrijg (2 pav).
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2 pav. Ni/Cu (mélyna), Cu (oranziné), Ni/Ni (zZalia)

kietyjy puty CV uzrasSytos 0,5 M FA +1M NaOH tirpale,
kai skleidziamo elektrodo potencialo greitis 50 mV s
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ELECTROCHEMICAL DEPOSITION AND
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Electrochromism describes the phenomenon in
which the colour of the material depends on the
applied potential [1]. In conducting polymers,
electrochromism occurs due to changes in the 1
TTconjugated electronic system and the ability to
participate in electrochemical oxidation and
reduction. Electrochromic  properties are
characteristic features not only for non-organic
materials but also, for some conducting
polymers (e.g., polypyrrole (Ppy) and
poly(methylene blue) (PMB)) [2].

Ppy is one of the most analysed conducting
polymers used for the development of various
types of sensors [3]. The combination of Ppy
with MB might be used to create electrochromic
coatings with advanced properties [4,5].
Moreover, the conductivity of Ppy can be
effectively changed by dopants. [6] Saccharides
may be one of those dopants that will have a
beneficial effect on surface modification [7].
Cyclic voltammetry, which is easy to apply and
convenient to use, was the most applied method
for the electrochemical polymerization of PMB.
Also, the electrochemical polymerization
method meets the requirements of green
chemistry [8]. Ppy-PMB layers could be used for
optoelectronic applications, as a photosensitizer
for medical applications in deep tissue
treatment, or in solid-state photo-
electrochemical cells [9]. This study aimed to co-
deposit the Ppy-PMB layer on the ITO electrode
in the presence of three saccharides (lactose,
sucrose, and heparin) during a single-step
procedure and compare the effect of different
saccharides on the electrochromic properties.
The electrochemical deposition of the
polypyrrole layer was carried out by cyclic
voltammetry from a solution containing 50 mM
of pyrrole, 10 mM of methylene blue, and one of
the doping materials: lactose, sucrose, and
heparin. Surface morphology was analysed by
AFM and SEM methods. The saccharides used in
this study have a moderate effect on the surface
morphology and roughness of Ppy-PMB layers.
The Ppy-PMB layers were examined by varying
the pH of the BRB solution and the potential.

The (Ppy-PMB)suc layer had the best conduc-
tivity properties and the fastest bleaching and
colouration times. The suitability of the Ppy-PMB
layer for use as an electro-chromic sensor of
xanthine  derivatives, such as caffeine,
theophylline, and theobromine, was investigated.
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Doxorubicin (DOX) is one of the chemotherapeutic agents
used in the treatment of cancer. Its disadvantage is poor
selectivity for target cells and uncontrolled distribution
throughout the body, which causes serious side effects. In
this regard, the development of non-toxic carriers of
doxorubicin for targeted delivery of the drug to the tumor
tissue is an actual task. The carrier should have high tissue
permeability, loading capacity and be able to release the
drug in controllable way. Ideally, the carrier should be a
fluorescent particle allowing image-guided drug delivery to
the target tissue. Boron nitride quantum dots (BNQDs) have
been already demonstrated to act as such a fluorescent
shuttle for DOX molecules. However, BNQDs are not that
efficient because of their UV-blue luminescence overlaping
significantly with tissue autofluorescence.

Green fluorescent graphene quantum dots (GQDs) are likely
to become carriers appropriate for image-guided DOX
delivery to the target tissue: (i) GQDs are flakes of a few
layers of graphene suitable for m-stacking mechanism of
complex formation with large variety of analyties likely
including DOX; (ii) GQDs are biocompatible, non-cytogenic
or cytotoxic; (iii) five nm sized GQDs exhibit bright green
fluorescence [1].

To produce reliable protocol for application of GQDs as
secure and firm carrier for DOX, investigation of DOX-GQD
complexes formation was performed. Suspension of DOX
and GQDs of different concentrations (10°-10* M and 25-
50 pg/mL, respectively) were analyzed using steady-state
and time-resolved fluorescence spectroscopies.
Concentration and time-dependent decrease in
characteristic lifetimes was demonstrated. To reveal the
mechanism of DOX-GQD complexes formation,
photoluminescence excitation/emission (PLE) data maps of
DOX-GQD complexes of different concentrations and at
various time points were obtained and obvious differences
between the PLE characteristics of the complexes and those
of the GQDs and DOX were shown.

The concentrations of DOX and GQDs are in the ranges of
10°-10° M and 25-50 pg/mL, respectively, which makes
conventional Raman spectroscopy approach inappropriate.
In the present study we applied black silicon sputtered with
gold (bSi/Au) as a substrate for surface enhanced Raman
spectroscopic (SERS) investigation of DOX, GQDs and DOX-
GQDs complexes. BSi is a specifically etched silicon wafer
with high curvature cone-like structures of micrometers
height, which increase absorbance and suppress
reflectivity. After being sputtered with gold, these
structures serve as active sites for electromagnetic field
enhancement (hot spots) and induce Raman signal
enhancement up to 108 times (for the bSi/Au used in this
study [2]). Unlike Raman spectroscopy which failed in

getting any valuable spectra of low-concentration solutions,
SERS spectra were obtained for all investigated complexes
and complex-forming agents.

SERS spectra allowed revealing the complex structure of
functionalized GQD, i.e., green fluorescent GQDs (900712,
Sigma Aldrich) strongly passivated with oxygen-containing
groups, which are involved in additional DOX molecule
orientation on the grapheneisland. Based on the band shifts
in the spectra, as well as on the change in the relative
intensity of the doxorubicin and GQD bands, the main
functional groups engaged in the formation of the complex
were identified.

The obtained data were proved by further DFT calculations,
which were carried out both for individual compounds and
for their conjugates in vacuum and in an aqueous medium,
imitating the cytoplasm of living cells. SERS spectral data on
high enrichment of GQDs with oxygen-containing groups
became the basis for GQD model modification. Calculations
were performed for GQD, consisting of 114 carbon atoms,
and containing 10 hydroxyl groups (GQD_C114H20(0H)10).
A comparative analysis of the electronic structure of DOX
and the GQD-DOX complex revealed the decrease in the
AE = Exomo - Ewumo difference between the energies of the
lowest non-occupied and highest occupied molecular
orbitals, allowing to assume the formation of a stable
complexes. Moreover, the dipole moment of GQD obtained
after geometry optimization significantly increased when
complex with DOX is formed.

To summarize, in the present study concentration and time-
dependency of DOX-GQD complexes formation was
demonstrated. SERS spectroscopic analysis allowed to
reveal the main functional groups and GQD structures
responsible for the stable complexation of DOX molecules
with GQDs and provided sufficient data on the
functionalized GQD structure, which were further used for
DFT simulations of DOX-GQD complexes. The obtained
results will be used to develop methods of controllable
release of doxorubicin in the target tissue.
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Cardiomyopathies are a heterogeneous group of
myocardial diseases associated with electrical or
mechanical disorders of cells that cause
inappropriate functioning of the left atrium
Various forms of cardiomyopathies are recorded,
while  dilated cardiomyopathy (DCM) s
considered to be the most ubiquitous and
common form of cardiomyopathy in the world
defined by the dilation and contractile
dysfunction of left atrium leading to heart failure
and requirement of heart transplantation?. DCM
can be induced by many prolonged external and
internal influences such as diabetes, toxins,
alcohol intake, stress, chemotherapeutic agents
and others 34 Treatment of DCM is difficult
regarding the complexity of disease including
multiple  mutations, effect of pathological
modulators debilitating molecular mechanisms
performing heart tissue contraction and proper
cell functioning 4°. Therefore, a search for new
methods investigating intracellular changes of
dilated myocardium MSC is of particular
importance with the purpose to improve heart
tissue regeneration.

Scanning electrochemical microscopy (SECM) is
a versatile tool for studying and visualization of
surfaces electrochemical activity, by using small
Ultramicroelectrode (UME) as a probe with
resolution range from micro to nano ®. Even
though in the beginning it was mainly used to
research corrosion processes, today SECM is
widely applied to study biological samples as it is
non-invasive, capable of measuring in natural
growth environment in vitro?, capable to provide
insight about reaction kinetics which are
occurring locally, map diffusion gradient around
the sample®. Because of these inherit
characteristics SECM can be used to study cells
and their physiological state.

During the study of human heart atrium-derived
mesenchymal stem cells (MSC) the cellular
redox state was researched using feedback
mode of scanning electrochemical microscopy
while utilizing ferrocene monocarboxylic acid
(FcCOOH) as a redox mediator. The
mesenchymal stem cells (MSCs) were isolated
from human healthy and dilated heart
myocardium of left atriums. Cellular redox state
of MSC were evaluated by measuring efflux of
glutathione where it is reduced by [FcCOOHT*.

Measurements were performed by probe
approaching the surface of immobilized MSC.

FeCOOH

|
? / /icg)on

[FecCOOHJ+  FeCOOH

®. -
ggm FcCOOH

Fig. 1. Schematic representation of experiment in

feedback mode.
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Pulsed electric field (PEF), as an emerging eco-
friendly technology, has been used in the food
industry for the inactivation of enzymes and
microorganisms '. During PEF treatment, pulses
of high voltage electric field for a short time
(from nanoseconds to milliseconds) were
applied to the material between two electrodes
2 PEF technology offers several advantages over
traditional pasteurization methods in the food
industry, such as shelf-life extension, nutrient
retention, quality preservation, and cost-
effectiveness 3. Besides, PEF was utilized to
change the structural and techno-functional
properties of food proteins. In this study, PEF
treatment (at electric field strengths from 3.5-8.1
kV/cm, pulse duration (1) = 50 ps) employed to
facilitate the glycation between BSA and soluble
potato starch. The physiochemical and
emulsifying properties of the BSA/starch
conjugates were investigated (Fig. 1).
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‘emulsions.

Fig. 1. Summary of study design and steps.

Electroporation at 3.5-5.7 kV/cm decreased
fluorescence emission intensity of BSA/soluble
starch conjugates (Fig. 2). Furthermore, PEF-
treated (3.5-5.7 kV/cm) BSA/soluble starch
conjugates had better emulsifying properties
(lower droplet size of emulsions) and protein
solubility compared to native BSA and untreated
BSA/soluble starch mixtures (Fig. 3).
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Fig. 2. Fluorescence spectra of BSA and BSA/starch
conjugates. B; native BSA, BS; BSA/starch mixture
without PEF, BS-PEF 1- 4; PEF treated conjugates at
3.5, 4.5, 5.7 and 8.1kV/cm, respectively.
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Fig. 3. A) Particle size (z-average), B) Protein solubility
of BSA and BSA/Starch conjugates with and without
PEF treatment.

In conclusion, it is recommended to apply low-
moderate PEF treatment to improve the
emulsifying properties of BSA/starch complexes.
These findings could promote the application of
PEF technology in the food and pharmaceutical
sectors.

References

1. Jaeger, H., Meneses, N. & Knorr, D. Innovative
Food Science and Emerging Technologies 10,
470-480 (2009).

2. Taha, A. et al. Foods 11, 1556 (2022).

3. Arshad, R.N. et al. Trends Food Sci Technol 104, 1-
13 (2020).



4
| ."?? FIZINIU IR
TECHNOLOGIJOS MOKSLY

B, 0 CENTRAS

HUMAN UROTENSIN II: SURFACE-ENHANCED RAMAN
SPECTROSCOPY OF POTENTIALLY INDUCED CHANGES

Aliona Klimovich!, Sonata Adomavicitté-Grabusové?, Hamza Rehmans3,
Polina Kuzhir3, leva Matulaitiené
TState Research Institute Center for Physical Sciences and Technology, Department of Organic Chemistry,
Saulétekio av. 3, LT-10257 Vilnius, Lithuania
email: aliona.klimovich@ftmc.It

2 |nstitute of Chemical Physics, Vilnius University, Saulétekio av. 9, Ill bld., LT-10222 Vilnius, Lithuania

3 Institute of Photonics, University of Eastern Finland, Yliopistokatu 7, FI-80101 Joensuu, Finland

Raman spectroscopy as well as surface-
enhanced Raman spectroscopy (SERS) are
highly specific methods of investigation and
characterization of organic molecules as
nucleic acids, proteins and lipids. This
technique can be used in situ in conjunc-
tion with electrochemistry  to provide
information on bonding, intra- and extramole-
cular interactions. Urotensin-Il (U-II), a cyclic
peptide with 11 amino acid residues, was first
discovered in 1982 (Goby fish) and in
the human body characterized as the most
potential vasoconstrictor [1].
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Fig.l. SERS spectra of hU-Il adsorbed on a bSi/Au
at different electrode potentials. Measurement
conditions: 0.1 M Na2504 solution containing 0.01 M
phosphate buffer (pH 7.0) and 105 M of huU-Il;
excitation wavelength 785 nm; laser power at the
sample 50 mW,; integration time, 500 s.

In this Study the Human U-Il (hU-ID)
was investigated on black silicon-based
substrates (bSi/AW), which possess
exceptional SERS characteristics and were

previously described [2]. The figure 1 shows
the SERS spectra of hU-Il on bSi/Au in
potential range from -0.8V to 0.0V
We noticed that the electrode potential had no
effect on certain vibrational bands at 756, 1003,
1029 and 1075 cm?! (assigned to
phenylalanine ring vibrations). When the
potential changes from -0.8V to 0.0V, the
intensity of the bands at 1227, 1358, 1537 cm"!
(related to pyrrole ring) increase, while the
intensity of other bands related to pyrrole at
1263, 1421 cm-' decrease.

The changes in the spectra occurs as a result of
the reorientation of the peptide relative to the
bSi/Au surface and adsorption hU-Il on
gold surface through phenylalanine aromatic
ring.
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MIKROTEKMES CHIPO, SKIRTO LASTELIY ELEKTROPORACIJAI,
GAMYBOS TECHNOLOGIJA
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Mikrotékmés technologija apibddinama kaip
inzinerinis manipuliavimas skysciais nuo nano iki
mikro skalés. Ji jgauna vis daugiau potencialo
biologijos moksly srityje, nes leidzia atlikti
didelés apimties ir labai specifine analize
biologijoje, medicinoje ir chemijoje. Naudojant
mikrofluidinj  prietaisg tapo jmanoma visg
laboratorijg sujungti | vieng paprastg mikro dydzio
sistema, sunaudojant tik nedidelj kiekj reagenty ir
vietos. Mikrotékmés prietaisas dar vadinamas
"laboratorijos ant lusto” technologija [1]. Pereinant
nuo makrolygio prie mikrolygio, galima
beprecedenté procesy kontrolé, vykstanciy
skirtingoje plotméje laiko ir erdvés atzvilgiu, ko
nejmanoma uzfiksuoti jprastinése Petri IékStelése ir
Sulinéliy plokstelése [2]. Nepaisant to, néra vieno
standartinio mikrotékmés chipo, kurj bty galima
naudoti visoms skirtingoms tyrimy sritims -
kiekvienai jy reikia tam tikros geometrijos, jleidimo
ir iSleidimo angos, kanalo gylio ir kity parametruy,
kad bty galima tiksliai reguliuoti reikiama funkcija.
Todél mikrotékmés chipai dazniausiai yra gamina-
mi pagal konkrecius reikalavimus ir poreikius.
Masy tikslas yra pagaminti nepertraukiamo
srauto mikrotékmés chipa eksperimentams su
adhezinéms arba suspensinéms zinduoliy laste-
[émis, skirta lasteliy elektroporacijai. Visi manipu-
liavimo lastelémis veiksmai atliekami Igsteliy
kultivavimo kameroje. Polikarbonatiné membrana
padalija kanalg | du lygiagrecius mikrokanalus.
Polikarbonatiné membrana veikia kaip lasteliy
adhezijos pavirsius, tuo paciu ir kaip barjeras tarp
dviejy mikrokanaly. Lasteliy kultGros kameroje yra
integruoti elektrodai, skirti elektroporacijai. 1
paveiksle pavaizduota mikrotékmés chipo
schema ir gautas chipas (1 pav.).
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Electrodes
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1 pav. Mikrotékmeés chipas - scema ir realus chipas.

Kadangi kanaly perskyrimui ir lasteliy adhezijai
naudojame pokarbonatine membrang, buvo
atlikti eksperimentai lgsteliy adhezijos salygy
parinkimui.  Tikrinta Igsteliy adhezija po
membranos inkubacijos su PBS, FBS, poly-D-
lizinu (PDL) ir deguonies plazma kartu su PDL.
Apie 95 procentai prikibusiy lasteliy gauta
polikarbonatine membrang paveikus deguonies
plazma ir padengus PDL (3 pav.), Sios salygos
traktuojamos kaip optimaliausios.

C 0 [Dreliy adhezija ant membranos
10
8 o

2 2
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:

PBS ir FBS PDL 02 plazma + PDL

3 pav. Lasteliy linijja CHO-K1 buvo paséta ant
polikarbonato membranos, apdorotos (A) PBS arba FBS,
(B) poli-D-lizinu (PDL), (C) deguonies plazma kartu su
poli-D-lizinu. (D) Lasteliy adhezijos priklausomybé nuo
membranos apdorojimo. Duomenys ir nuotraukos
surinkti po 24 val. trukusios lasteliy inkubacijos ant
membranos.

Apibendrinant galima teigti, kad suklréme
technologija, skirtg gaminti nepertraukiamo srauto
mikrofluidinj lustg, skirtg zinduoliy Igsteléms
manipuliuoti ir elektroporuoti. Mikrochipui gaminti
pasirinkome polikarbonato membrang ir
parinkome optimalias sglygas lagsteliy adhezijai ant
polikarbonato membranos. SekancCiuose etapuose
sukrtas mikrotékmés chipas bus naudojamas
zinduoliy lgsteliy elektroporacijos poveikiui tirti
esant nepertraukiamam srautui.

Literatira

[11 Tabeling P. Oxford University Press (2005)

[2] Edmond W. K. Young and David J. Beebe. J Chem
Soc Rev.; 39(3): 1036-1048 (2010)



FIZINIY IR
TECHNOLOGIJOS MOKSLY

Bz, 3 CENTRAS

:‘ﬁz@eéh
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Mikroskopiné klampa (mikroklampa) - parametras,
kuris gali suteikti informacijos apie lastelés viduje
vykstancCius procesus, pavyzdziui, molekuliy
difuzijg ir lasteliy zatj. Mikroklampos pokytis
lgstelése taip pat gali indikuoti Alzheimerio liga,
kepeny susirgimus ir kitus sveikatos sutrikimus
[n.

Vienas is paprasciausiy mikroklampos stebéjimo
lgstelése bldy yra fluorescuojanciy molekuliniy
rotoriy panaudojimas. Jy veikimo principas
paremtas fluorescencijos ir vidujmolekulinés
rotacijos konkurencija: kuo greitesné rotacija, tuo
greitesné nespinduliné relaksacija [2]. Paprastai
tariant, klampesnéje terpéje iSauga fluorescencijos
intensyvumas [1]. Fluorescencijos gyvavimo
trukme paremti molekuliniai rotoriai yra vienas is
taikymuose naudojamy rotoriy tipy [3]. |terpus
Sio tipo molekules j bandinj ir zadinant jas lazeriu,
galime pasitelkti laike koreliuota fluorescencijos
mikroskopijg (angl. Fluorescence Lifetime Imaging
Microscopy, FLIM) ir stebéti fluorescencijos gesima
viso vaizdinamo bandinio plote. Naudodami
mikroklampai jautry fluoroforg, ilgesne fluorescen-
cijos kinetikg stebésime labiau klampioje terpéje.
Boro dipyrometeno (BODIPY) grupe paremtos
molekulés yra daznai sutinkamos mikroklampos
tyrimuose. BODIPY paremti rotoriai yra lengvai
modifikuojami, netoksiski lgsteléms ir pasizymi
monoeksponentine fluorescencijos gesimo
kinetika, o tai leidzia supaprasti rezultaty analize.
Taciau dauguma BODIPY mikroklampos jutikliy
yra zaliai fluorescuojantys. Tai yra didelis
trdkumas norint atlikti vaizdinimg lastelése, kur
ilgabangé fluorescencija yra privalumas, nes
leidzia iSvengti lasteléje esanciy organeliy
autofluorescencijos [4] ir patenka j giliyjy audiniy
vaizdinimo langg (650-1350 nm) [5].

Siame tyrime pristatomas naujas raudonai
fluorescuojantis mikroklampos jutiklis BP-Vinyl-
NO,, kuris pasizymi ypac¢ plaCiu klampos
jautrumo diapazonu [6]. Darbe nagrinéjami B-
dipakeisti BODIPY junginiai su fenilgrupiy ir
vinilgrupiy pakaitais, bei jvertinama mezo-fenil
pozicijoje esanti nitrogrupés jtaka. Metodika
sudaryta is teorinés ir eksperimentinés daliy.

BP-PH-m2M-NO,

BP-PH-ZM-NO,

1pav. Siame darbe pristatomy BODIPY junginiy
molekulinés struktlros: BP-Vinyl, BP-Vinyl-NO2, BP-PH-
m2M, BP-PH- m2M-NO2 and BP-PH-2M-NO.. Mélynai
pazymétos molekulés pakaity pozicijos.

Pirmiausiai, atlikti  teoriniai modeliavimai
naudojant tankio funkcionalo teorijg (angl. Density
Functional Theory, DFT). Véliau, eksperimentinéje
dalyje atlikta sugerties spektroskopija, nuostovioji
ir laike koreliuota fluorescencijos spektroskopija,
iSmatuoti kvantiniai naSumai. Gauti rezultatai
leido jvertinti pakaity jtakg molekuliy jautrumui
aplinkos klampai, temperatarai ir poliSkumui.
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SARS-CoV-2 virus and its’ comprising proteins
are of keen interest to the scientific community.
Nucleocapsid protein (SCoV2-N) is widely used
alongside the spike protein in COVID-19 rapid
detection kits. The nucleocapsid proteins
(SCoV2-N) are the earliest detectable diagnostic
markers for COVID-19 infection, also a high count
of anti-SCoV2-N can result in an increased risk of
hospitalization and admission to intensive care
on a subsequent infection of COVID-19 [1]. The
investigation of SCoV2-N and its’ interaction with
anti-SCoV2-N require highly sensitive systems
that can be used for real-time analysis.

To achieve high precision and accuracy, label-free,
non-contact methods need to be applied. This
work combines two highly sensitive methods,
that are widely applied when examining
reactions at the solid-liquid interface. One is the
optical method of spectroscopic ellipsometry, it is
a highly sensitive, non-destructive measurement
method. It measures parameters; ¥ - light wave
amplitude, and A - light wave phase shift. These
parameters allow for the determination of layer
thickness and refractive index of formed protein
monolayers, these are then used for the
evaluation of dry protein mass density
(evaluation that calculates only the immobilized
protein mass) [2]. Second method is quartz
crystal microbalance with dissipation, which is a
acoustic measurement method that measures; Af
- frequency change, and Ad - energy dissipation
of a quartz crystal sensor. When the sensor is
modified, has proteins immobilized or is affected
in a way that adds material on the surface of the
sensor - sensor’s frequency lowers to
compensate for the increased mass, this can be
utilized to evaluate the wet surface mass density
(evaluation that includes the material and
surrounding liquid mass on the sensor), a change
in energy dissipation can give information on the

immobilized protein viscoelastic properties [3].
Both methods are good tools for biomolecule
interaction analysis. A combined spectroscopic
ellipsometry and quartz crystal with dissipation
measurement method, allows the evaluation of
hydration, dielectric and viscoelastic properties
[4].

In this work, real time interaction of SCoV2-N and
anti-SCoV2-N was recorded using spectroscopic
ellipsometry and quartz crystal microbalance.
Formed protein layers were analyzed, providing
information on antibody flexibility and spatial
arrangement in SCoV2-N/anti-SCoV2-N immune
complex.
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Aerozolio juodosios anglies Saltiniy kilmés nustatymas ir
aerozolio daleliy optinés savybés 2021-2022 m.

Agné Minderyté, Lina Davuliené, Vadimas Dudoitis, Iwona Stachlewska, Steigvilé Byéenkiené

Fiziniy ir technologijos moksly centras, Aplinkotyros skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: agne.minderyte@ftmc.lt

Juodoji anglis (angl., black carbon (BC)), susidaranti nepilno
degimo salygomis degant bet kokiai organinei medzZiagai,
pasizymi stipriausia Sviesos sugertimi UV — IR bangy ruoze
[1] ir yra susijusi tiek su oro tarsa, tiek su klimato kaita.
Augantis iskastinio kuro ir biomasés kaip kietojo kuro
naudojimas lemia didesne BC, vieno stipriausiy Siltnamio
efekta skatinanciy komponenty, koncentracijg aplinkos ore
[2]. BCtarSos 3altiniy kilmés nustatymas yra kritiSkai svarbus
siekiant parengti iSmetimy j aplinkos org mazinimo planus,
norint gerinti oro kokybe ir kontroliuoti poveikj visuomenés
sveikatai bei atmosferos Siluminei pusiausvyrai. TarSos
Saltiniy kilmeés indélio jvertinimas leidZia nustatyti jvesty oro
kokybés gerinimo priemoniy veiksmingumga, kadangi yra
svarbu Zinoti ne tik bendra aerozolio juodosios anglies
masés koncentracijos pokytj, taciau ir suprasti skirtingos
kilmés tarSos 3altiniy mazinimo efektyvuma.

Sio tyrimo metu buvo atlikti 13 meén. (2021 m. birzelio —
2022 m. birZzelio meén.) testiniai BC masés koncentracijos
matavimai foninj miesto tarsos lygj atspindincioje aplinkoje
(Vilnius Air matavimy stotyje, FTMC). Nenutrikstami
ilgalaikiai matavimai gali suteikti Ziniy apie BC masés
koncentracijos dinamika bei leidZia detaliai istirti tarSos
Saltiniy indélio kitima jvairiais laikinés skyros skerspjiviais
skirtingy sezony metu.

Atlikto tyrimo tikslas yra jvertinti aerozolio juodosios anglies
masés koncentracijos dinamiky ir tarSos Saltiniy kilmeés
indélio pasiskirstymg bei nustatyti, kaip kinta aerozolio
daleliy optinés savybés vyraujant skirtingos kilmés tarSos
Saltiniams 2021 m. birZelio — 2022 m. birzelio mén.

BC maseés koncentracijos matavimui buvo naudojamas
Aetalometras (AE33 Magee Scientific). TarSos Saltiniy kilmés
atskyrimas (angl., source apportionment) yra pagrjstas
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2021 m. birZelio mén. — 2022 m. birZelio mén.

skirtinga bangos ilgiy sugertimi, kurig apibréZia sugerties
Angstremo eksponenté (AAE). BC Saltiniy kilmés atskyrimui
buvo pasirinktas ,Aetalometro modelis“ [3], kuris
naudojant Aetalometru iSmatuotg Sviesos silpimg ir AAE
vertes, tarSos Saltinius gali atskirti j du: iSkastinio kuro
deginima (BCr) ir biomasés deginima (BCes).

Aerozolio daleliy Sviesos sklaida buvo matuota 3 bangos
ilgiy integruojan¢iu Nefelometru. Remiantis Siy dviejy
prietaisy matuojamais parametrais, galima daugiau suZinoti
apie aerozolio daleliy charakteristikas (dydj, poveikj
atmosferos Siluminei pusiausvyrai) vyraujant skirtingiems
tarsos Saltiniams.

llgalaikiai 24/7 valandiniai matavimai yra pirmasis tokio tipo
darbas Lietuvoje, kuriame buvo surinkta 315400 rodmeny,
jy pagrindu buvo gautos vidutinés BC valandos
koncentracijos  panaudotos  apskaiiuojant  vidutinj
valandos, dienos, ménesio, sezoninj ir metinj koncentracijy
lygj miesto foninéje aplinkoje. BC masés koncentracijos
valandiné eiga 2021 m. birZelio 1 d. - 2022 m. geguzés 31 d.
pateikta 1 paveiksle. Nustatyta, kad vidutinés BC masés
koncentracijos skirtingais mety laikais kito nuo 0,55 pg-m?3
vasarg iki 1,14 ug-m Ziema. Aukstas procentinis BCss indélis
vasaros laiku uzregistruojamas dél sumazéjusiy transporto
iSmetimy j aplinkos org, nors absoliucios BCes ir BCrr vertés
yra Zemiausios lyginant su kitais sezonais. Vasaros sezonas
pasizymi Zemiausia absoliuc¢ia BC masés koncentracija, dél
Zenkliai sumaZzéjusiy transporto iSmetimy j aplinkos org
vasarg lyginant su kitais mety laikais.

Sio tyrimo rezultatai praturtins Zinias apie BC dinamika bei
tarSos Saltiniy kilmés indélio kitima bei poveikj aerozolio
juodosios anglies optinéms savybéms mety eigoje. Be to, Sie
rezultatai turi didelj poveikj visuomenei, nes yra tiesiogiai
susije su oro kokybe bei klimato kaita.
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PHOTOCATALYTIC DEGRADATION OF MICROPLASTIC
IN AQUEOUS ENVIRONMENT

Sonata Pleskyté*, leva Uoginté

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

Microplastics (MPs) pollution has become one of
the most threatening environmental concerns
today. MPs persist in the aquatic and terrestrial
environments as well as in the atmosphere. The
major part of microplastics contaminants are
found in the marine environment and might cause
adverse effects on organisms. Furthermore,
microplastics easily enter the human body via the
food chain due to their small size. Numerous
studies have shown that MPs can seriously impair
organism growth and reproduction and even
cause death. Rapid expansion of plastic pollution
requires new technologies and mechanisms for
the degradation of plastics, especially
microplastics.

Current microplastics degradation methods can
be divided into photothermal degradation,
ozone-induced degradation, catalytic
degradation, and biodegradation methods [1].
Nonetheless, finding efficient methods for MPs
fragmentation remains a huge challenge.
Photocatalytic degradation is considered one of
the most promising methods for microplastics
degradation. Solar or ultraviolet light (UV)
radiation, as well as a combination of UV
radiation and photocatalysts, are the most
studied advanced oxidation processes.
Photocatalytic degradation with UV radiation is
widely applied for the decomposition of
polymers. Photocatalytic degradation leads to
photooxidative degradation which results in
breaking polymers’ bounds, producing free
radicals, and reducing the molecular weight. The
main mechanism of photocatalytic degradation
is presented in fig. 1. UV light may change surface
morphology, mechanical properties, density, and
crystallinity [2]. Different reaction result occurs
due to time intervals, UV rays wavelengths, MPs
type, and additional substances. UV radiation
and catalyst-based technologies have a high
potential for microplastics removal and even
widespread use. However, further research is
necessary to make this technology applicable in
water source cleaning and other environmental
fields.

The principal aim of this study was to determine
the optimal microplastics degradation conditions.
In this research work, graphene oxide-based
nanocomposites were synthesized and character-
rized by using XRD, EDX, and TEM techniques.
Nanocomposites were used as catalysts in UV
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1 pav. Microplastics photodegradation mechanisms
[2].

light irradiated photodegradation process. Three
main factors affecting the photocatalytic
degradation of microplastics were analyzed and
fully described:

e irradiation time;

e microplastic to catalyst ratio;

e agueous environment pH.
UV light irradiation combined with nanotech-
nology is a promising energy and environmental
protection technique.
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EVALUATION OF WORK-RELATED PERSONAL EXPOSURE TO AEROSOL PARTICLES
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Vadimas Dudoitis?, leva Uoginté!, Martynas Skapas® and Steigvilé By¢enkiené!
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The studies of particulate matter (PM) in urban
environment have become of increasing importance due to
its adverse effects on human health and its radiative forcing
role in climate change.

Personal exposure to PM during daily commuting between
home and office (later referred to as sites FTMC1 and
FTMC2) was assessed in the city of Vilnius. Driving routes
were recorded on 17 and 18 March 2022, between 7:00 and
20:00 local time (LT), with a selection of points representing
the employee’s daily route through different environments.
The fixed site and indoor measurements in the office room
were performed at the FTMC1 site using aerodynamic
particle sizer (APS, TSI 3321). The field experiment was
performed with environmental monitoring sensor URAD
Monitor A3, version 9, SC MAGNASCI SRL, Dumbravita,
Romania. A general model for assessing the deposition dose
DD of aerosol particle in the human respiratory tract was
calculated:

DD = DF x MV x 5i(PMi x At;) (1)
where MV is the minute ventilation or airflow in the lung
(m3/min), PMi is the particulate matter concentration
during time step i, and Atiis the duration of time step i (min).
The multiple path particle dosimetry model was applied to
evaluate the deposition fraction DF during different time
periods when the field experiments were carried out.
Urban air pollution varies widely both spatially and
temporally, and commuter exposure can vary substantially
depending on the daily distance travelled between home
and work. PMa.s concentrations measured on the road can
exceed background levels by many times. Of the two
analysed routes, the time of the day when drivers and
passengers could be exposed to the maximum PM
concentrations was the morning hours. Urban background
PM..s concentrations ranges from 5 to 10 ug/m?3during the
morning and evening commutes (Figure 1).

FTMC1 -> FTMC2 -> FTMC1 Home -> FTMC1 -> Home Home -> FTMC1 -> Home

PM2.5

© inside car
100{| W outside car
APS at FTMC1 r 2
——PM1

—PM25 . .
PM10 )
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Figure 1. Timing of field experiments and PM2.5 mass
concentrations measured during each route inside (red circle) and
outside (black rectangle) the vehicle, and mass concentration of
PM1 (grey line), PM2.5 (black line), and PM10 (light grey line) at
the urban background site located at FTMC1.

1
10:00 1100 1200 1300 14:.00

PMoa.s concentrations at the road are above the 24 h limit
value (WHO) during these measurement sessions.
Compared to the PM mass concentration at the urban
background station, the mean PMas concentration at the
road reaches values of 4 to 10 times higher, and inside the
vehicle it reaches values 2-3 times higher. Office PM
concentrations are below the urban background
concentration and the WHO limits for PMz.s.

Due to its high toxicity, the smallest PM fraction, PM3,
attracts the most attention and is an important subject of
study. The PM1 dominates in both environments, i.e., in the
on-road vehicle and in the modern office, but mass
concentrations differ significantly due to differences in
infiltration. The minute deposition dose (MDD) for the
driver is about 14 times higher for PM1 (and PMao) during
the rush hour than in the office when the urban background
concentration of PMasis up to 10 pg/m?3 (Figure 2). During
the low urban background concentration period, the in-
vehicle PM concentration is underestimated, due to the
limitations of the mobile measurement device used. During
the workday, when driving takes less than 10% of the time
considered (commuting plus working), PM1exposure during
driving comprises about 80% of the PM1 exposure caused by
PM1 concentration in the office.

Head TB Alveolar region| TOTA

MDD, pg/min.
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Figure 2. Contributions of PM fractions (PM.1, PM1.2 5, and
PM.s.10) to total deposition dose calculated with the MPPD
model for different routes (corresponds to cases presented in
Figure 1) and for the modern office.
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MAGNETITO DEKORAVIMAS AUKSO IR SIDABRO NANODALELEMIS
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PavirSiaus sustiprintos Ramano sklaidos
spektroskopija (SERS) - metodas, kuris naudoja
plazmony sukelt3 Ramano signalo stiprinima,
siekiant aptikti jvairias molekules ir junginius,
pavyzdziui, baltymus ir kitas biomolekules [1].
Magnetiniy ir tauriyjy metaly nanokompozity
naudojimas Ramano sklaidoje sustiprina analités
signalg tiek plazmoniniu efektu, tiek ir koncen-
truojant daleles magnetu.

Derinant magnetines FezO4 ir Au ar Ag nanodale-
les sujungiami du skirtingi medziagy mokslo
pasauliai - magnetizmas ir fotonika nanomastelyje
.

Dél unikaliy savybiy ir plataus pritaikymo nano-
struktdros, turinCios magnetiniy ir plazmoniniy
savybiy, pastarajame deSimtmetyje tapo aktualia
moksliniy tyrimy tema. Sios struktdros susidaro
dél stiprios tauriyjy metaly ir magnetito
tarpusavio  sgveikos. Magneto-plazmoninés
struktUros gali bati pritaikomos katalizés
reakcijose, antibakteriniuose tyrimuose, biolo-
giniy medziagy atskyrimui, o taip pat jos
pasizymi puikiu SERS jautrumu [2].
Magneto-plazmoninés nanostruktlros gali bati
gaunamos jvairiais budais. |prastai magnetiné
medziaga - gelezis, gelezies oksidas ar nikelis,
yra kompozito Serdyje, o pavirsius padengiamas
plazmonine medziaga, taciau ir atvirkscias
variantas (plazmoniné nanodalelé padengta
gelezies oksido sluoksniy) buvo pritaikytas SERS
matavimams [3-5]. Ant magnetinés Serdies
suformuotas plazmoninis sluoksnis gali bdaGti
tolygus, sudarytas iS mazesniy nanodaleliy ar
uzaugintas i$ netolygiy, spygliuoty struktary [3,
6-71.

Siame tyrime buvo susintetintos kubinés formos
magnetinés FezO4 nanodalelés, kuriy dydis ~50
nm ir pasizyméjo neigiamu zeta potencialu.
Toliau buvo sintetinamos skirtingy dydziy bei
neigiamo zeta potencialo plazmoninés aukso ir
sidabro nanodalelés (ND). Gautos sidabro ND ~13
nm, o aukso ND ~40nm dydzio. Kad pagerinti

REILEJAUS

LAZERIS SKLAIDA

P m) SERS

‘ MAGNETITAS DEKORUOTAS
PLAZMONINENIS AUKSO IR
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1 pav. SERS mechanizmas.

sgveika tarp magnetiniy gelezies oksido daleliy ir
plazmoniniy aukso bei sidabro nanodaleliy,
susintetinty magnetiniy nanodaleliy pavirsius
buvo  modifikuotas polietileniminu (PED.
Modifikavus magnetines daleles PEl, jy zeta
potencialas tapo teigiamas. FezO4 nanodalelés
toliau dekoruojamos aukso ir sidabro koloidais,
naudojant skirtingas koloidy koncentracijas,
skirtingg seka bei jy misinius.  Gauti
nanokompozitai (1 pav.) buvo charakterizuojami
rentgeno spinduliy difrakcijos, UV-Vis ir Ramano
spektroskopijos metodais. SERS stiprinimas,
naudojant gautus nanokompozitus, buvo
iSbandytas kaip analite pasirenkant merkapto-
benzoine ragstj (MBA).
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THREE-DIMENSIONAL Au(NiMo)/Ti CATALYSTS FOR EFFICIENT
HYDROGEN EVOLUTION REACTION

Sukomol Barua, Aldona Balciunaité, Jurate Vaicilnieng,
Loreta TamasSauskaité-Tamasiunaité, Eugenijus Norkus

Department of Catalysis, Center for Physical Sciences and Technology,
Saulétekio av. 3, LT-10257 Vilnius, email: sukomol.barua@ftmec.lt

In this study, gold-nickel-molybdenum
‘Au(NiMo)’ coatings have been studied as
catalysts for hydrogen evolution reaction (HER).
The catalysts have been deposited on a

titanium surface using electroplating and
galvanic displacement techniques. The
electrocatalytic performance of those

fabricated catalysts was investigated for HER
by using Linear Sweep Voltammetry at different
temperatures ranging from 25 up to 75 °C.
Scanning electron microscopy and Inductively
Coupled Plasma Optical Emission Spectroscopy
were used for the characterization of catalysts
morphology and composition. Moreover, the
stability of prepared catalysts was evaluated by
Chronoamperometric measurements. It was
found that the Au(NiMo)/Ti-3 and NiMo/Ti-3
catalysts with the highest metal loadings
demonstrate the lowest overpotential of 252
mV and 288 mV respectively for HER to reach
the benchmark current density of 10 mA-cm™.
The current densities for HER increase 1.1-2.7
times with an increase in temperature from 25
°C to 75 °C using the prepared 3D binary or
ternary catalysts. The highest mass
electrocatalytic activity of 1.53 mA-ug™ for HER
has been achieved on the Au(NiMo)/Ti-1 coating
with a metal loading of 23.9 pgmetarcm=2 at 25 °C.

Table 1. Composition of the
electrochemical bath.

Catalysts

Concentration in mol-dm=3

Ni2* Mo®*
NiMo/Ti-1 0.1 0.03
NiMo/Ti-2 0.2 0.03
NiMo/Ti-3 1.0 0.03

Table 2. The metal loading in the catalysts
as determined by ICP-OES analysis.

Ni loading Mo Au Total metal
Catalyst (ugnem) loadings | loadings loading
KO (MOMoCM™) | (MGALCM ™) |(UDmetalCM2)
NiMo/Ti-1 | 23.43 4.9 28.3
NiMo/Ti-2 29.6 5.3 34.9
NiMo/Ti-3 99.5 6.7 106.2
Au(NiMo)/ 18.3 4.4 1.2 23.9
Ti-1
Au(NiMo)/ 254 4.6 1.7 31.7
Ti-2
Au(NiMo)/ 81.4 6.0 52 92.6
Ti-3
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OSMOSINIO SOKO POVEIKIS ELEKTROPORUOTOMS
SACCHAROMYCES CEREVISIAE LASTELEMS
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Saccharomyces cerevisiae yra vienalasciai
eukariotiniai grybai [1]. Nataralioje mieliy lasteliy
aplinkoje osmosinis slégis nebldna pastovus,
lastelés patiriancios osmotinj stresa, patiria tario
ir formos pokycius. Tariui ir formai po osmosinio
streso grazinti mielés yra prisitaikiusios naudoti
HOG (angl. high osmolarity glicerol) signalinj
kelig [2]. Vienas i$ abiotiniy poveikiy, susijusiy su
vidulgsteliniy junginiy praradimu ar uzlasteliniy
medziagy patekimu | lastele yra impulsinis
elektrinis laukas (IEL) - fizikinis metodas, kurio
metu lgstelés yra veikiamos trumpais jvairaus
stiprio elektrinio lauko impulsais siekiant
suformuoti poras membranoje ir padidinti jos
pralaiduma. Sis reiskinys vadinamas elektropora-
cija [3]. Siame darbe buvo tiriama staigaus
osmosinio slégio pokycio po IEL jtaka mieliy
lasteliy gyvybingumui, dydziui, pralaidumui ir
atsistatymui. Darbas atliktas su YOOOOO (WT) ir
Y02724 (Ahog kamienais.

Buvo parodyta, kad lasteliy gyvybingumas
priklauso nuo IEL poveikio ir mazéja stipréjant
elektriniam laukui. Pralaidumas ir lgsteliy dydis po
2-10 kV/cm IEL poveikio didéja. Mieliy inkubacija
hiperosmosinése salygose (1.75 M sorbitolio
tirpale) po impulso poveikio padidina WT mieliy
gyvybinguma vidutiniskai 20,4 %, o Ahodlasteliy
gyvybinguma vidutiniskai 33,2 %; WT mieliy
pralaidumg vidutiniskai 25 %, o Ahog lasteliy
pralaiduma vidutiniskai 29.5 %. Lasteliy spindulys
taip pat buvo sumazéjes. Taip pat, membranos

atsistatymo laikas buvo sumazintas nuo 1 min iki
30 s WT mieléms ir 40 s AhogPriesinga poveikj
turéjo inkubacija hipoosmosinése (0,25 M
sorbitolio tirpale) salygose: po 2-10 kV/cm
elektrinio lauko impulso poveikio sumazina WT
lasteliy gyvybinguma vidutiniskai 21,8% ir Ahog
lasteliy gyvybinguma vidutiniskai 34,7%, o taip pat
padidino WT mieliy lgsteliy pralaiduma vidutiniskai
26,1 %, o Ahodasteliy pralaiduma vidutiniskai 39,9
%. Gyvybingumo tyrimo rezultatai pateikti 1 pav.
Apibendrinus tyrimo rezultatus galima daryti
iSvada, kad keiciant osmosinj slégj po IEL poveikio
mieliy lasteliy gyvybingumas ir pralaidumas gali
bati reguliuojamas (padidinamas arba
sumazinamas). HOG biocheminis kelias parodyta
kad dalyvauja mieliy lasteliy atsistatymo po IEL
poveikio procese, nes lgstelés turinCios
iSveiklintg HOG geng yra jautresnés IEL poveikiui.
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Since cancer is a leading cause of human deaths
worldwide accounting for nearly 10 million
deaths in 2020 [1], biosensors could be used to
detect these disorders using biomarkers at an
early stage of pathogenesis. Thus, rapid and
targeted treatment could increase patient
survival. Biomarkers - biological molecules
present in the blood, other body fluids or
tissues that are a sign of a normal or abnormal
process, condition or disease - are necessary
for the rational development of medical
technologies.

Electrochemical biosensors as devices designed
of a transducer and recognition element to
determine the presence of an analyte are
applied in the detection of many biomarkers in
complex biological fluids such as blood, saliva,
urine, etc. [2]. Biosensors are used to solve
some of the challenging medical tasks, such as
designing sensors for drug monitoring or
disease detection [3]. Numerous traditional
immunoanalytical methods provide precise
measurements of different analytes, however,
most of these methods, including the
enzyme-linked immunosorbent assay, depend
on the use of expensive immune chemicals
and/or lengthy analyte determination
methodologies, as well as high-end tools, and
are required to be operated by a specialist.
Molecularly imprinted polymers (MIPs) provide
a wide range of possibilities for the
development of biosensors including low-cost,
easy preparation, advanced storage stability,
quick read-out time, good specificity, and the
possibility of clinical or point-of-care testing.
Conducting polymers such as polypyrrole,
poly(3,4-ethylenedioxythiophene), polytoluidine
blue, etc. can be used in MIP-based biosensors
to achieve higher sensitivity, short response
time, and room temperature operations.

In this presentation reviewed MIP-based
electrochemical biosensors can be used to
detect various cancer biomarkers such as
cancer antigen 15-3 (CA15-3) [4], human
epidermal growth factor receptor 2 (HER-2) [5]
and prostate-specific antigen (PSA) [6] (Fig.D.
It could be a potential alternative to expensive
and time-consuming laboratory tests.

CA15-3
blood

Breast

HER-2 e B Sos,
blood, -
tumor

Ovarian —— HER-2 l
blood,
tumor . .
} e Diagnosis
P * Monitoring
/ 3'
Prostate — PSA

blood

<l
Vet
§ — iy —

Fig. 1. Breast (CA15-3, HER-2), ovarian (HER-2) and
prostate (PSA) cancer biomarkers for which
electrochemical MIP-based biosensors are reviewed.
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PLONUY SLUOKSNIU FORMAVIMAS ANT
3D MIKROSTRUKTURUY PAVIRSIYU NAUDOJANT ATOMINIY SLUOKSNIY
NUSODINIMO TECHNOLOGIJA
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Tobuléjant mikrooptiniy komponenty gamybos
technologijoms yra keliami vis aukstesni
reikalavimai optinéms dangoms [1, 2]. Vienas i$
jy yra galimybé suformuoti optine dangg ant itin
sudétingos formos mikrostruktlry pavirsiy,
kuriuos galima pagaminti netiesinés lazerinés 3D
nanolitografijos bldu [3]. Taciau tokiu atveju
efektyvus pritaikymas jprastai optiniy dangy
formavimui naudojamy fizinio gary nusodinimo
metody yra komplikuotas. Galima alternatyva
yra atominiy sluoksniy nusodinimo technologija
(ALD - angl. k. atomic layer deposition),
leidZianti suformuoti dangg ant 3D formos
pagrindy. Sios technologijos principas yra
atomo storio sluoksnio suformavimas vieno ALD
ciklo metu vykstant pirmtaky reakcijoms su
pavirsiumi [4].

Siame darbe buvo tiriama plony sluoksniy,
suformuoty naudojant ALD technologijg, jtaka
mikrostruktGroms. Mikrodariniai buvo pagaminti
i5 hibridinio organinio-neorganinio polimero
S72080™ tiesioginio lazerinio raSymo metodu
[5]. Ant mikrostruktiry buvo nusodinti ploni,
mazdaug 300 nm storio, aliuminio ir titano
oksidy sluoksniai bei skaidrinanti (AR - angl. k.
anti-reflective) danga, susidedanti iS TiO; ir Al,O3z
sluoksniy, kuriy storiai 28,8 nm ir 130 nm,
atitinkamai.  Siekiant  iSvengti  temperatdrai
jautraus hibridinio polimero modifikaciju,
sluoksniai buvo nusodinami 60 °C temperatudroje.
TiO2 ir AlxO3z sluoksniy sintezei buvo naudojami
tetrakisdimetilaminotitano ir  trimetilaliuminio
pirmtakai, atitinkamai. Oksidavimui buvo naudo-
jama deguonies plazma. MikrolesSiy geometrijos
pokycCiams jvertinti buvo naudojama optiné
profilometrija. Mikrostruktdry pavirsiaus morfolo-
gija buvo nustatyta naudojant atominiy jégy
mikroskopija (AFM - angl. k. atomic force
microscopy). Be to, siekiant nustatyti sluoksniy

1 lentelé. Mikrolesiy zidinio nuotolio

pokyciai.

Danga Dangos storis, nm Af, %
TiO2 301 7
Al20s3 302 -8

AR danga 153,8 2,5

optines charakteristikas visos dangos buvo
nusodintos ant kvarciniy pagrindy. Plony
sluoksniy l0zio rodikliai ir nuostoliy koeficientai
buvo apskaiciuoti naudojant pralaidumo spektrus.
LeSio zidinio nuotolis yra vienas i$ svarbiausiy
parametry, todél Sio darbo metu buvo tiriama
optiniy dangy jtaka mikrolesiy geometrijai.
Pirmoje lenteléje yra pateikti Alb,Osz ir TiO2
sluoksniy bei AR dangos sukelti mikroleSiy
zZidinio nuotolio pokyciai (Af). Kaip matome,
mikrolesSiy zidinio nuotolis padidéja ant jy
nusodinus TiO2 sluoksnj arba skaidrinancig
danga. Al;Osz sluoksnio nusodinimas sukelia
priesingg efektg - mikrolesSiy zidinio nuotolis
sumazéja. Taip pat atlikus AFM matavimus buvo
pastebéta, jog po kiekvienos iS§ dangy
suformavimo mikrostruktary pavirsiaus
SiurkStumas sumazéja (1 pav.)

Su AR dangzr :
2,59 m %
>

10.0 nm 10.0 nm

A

10.0 pm

1 pav. Mikrostruktlry pavirsiaus morfologija pries
AR dangos nusodinimg ir po to.

Sie rezultatai yra reikémingi, nes parodo, jog
skirtingos dangos nevienodai keicia mikrodariniy
geometrijg. Naudojant tokias dangas praktikoje,
yra svarbu atsizvelgti | dangy sukeltas
deformacijas ir mikrooptiniy elementy gamybos
etape jvesti reikalingas geometrijos korekcijas,
priklausomai nuo to, kokig danga yra planuojama
ant mikrolesSiy nusodinti.
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SPUTTERED SILVER FILM GROWTH INVESTIGATION
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In recent study [1], we compare in-
situ transmittance and plasma emission
spectra  with ex-situ  resistance and
ellipsometric measurements performed on
ultrathin silver films with thicknesses varying
from 3 nm through 40 nm and on relatively
thick layers up to 100 nm. We show that the
transmittance broadband monitoring (BBM)
of the growing silver layer allows for /n-situ
reliable estimation of the minimum thickness
when the film becomes continuous. Moreover,
a proper selection of the monitoring
wavelength(s) renders the coalescence and
percolation stages of the film growth clearly
distinguishable. For our films deposited by
magnetron sputtering on fused silica
substrates, the minimum thickness when a film
becomes continuous was found to be
approximately 12nm. The percolation
threshold was determined as approximately 6
nm. The method of selective-wavelength
transmittance BBM is practical, intuitive and
hence may represent a useful tool enabling
high-precision growth of ultrathin silver layers.

Furthermore, we show here for the first
time that ellipsometry is sensitive to the metal
coalescence development. In particular, the
ellipsometric analysis suggests that the
percolation of silver sputtered films begins at
the top of the growing layer and hence
propagates towards the film bottom.
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Covered ultrathin silver film growth stages
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Fizinio gary nusodinimo (PVD - angl. k. physical
vapor deposition) technologijos buvo ir yra vienas
pagrindiniy jrankiy, labai reikalingy optiniy
komponenty, naudojamy lazeriuose ir lazerinése
sistemose gamybai. Taciau tobuléjant lazerinéms
technologijoms atsiranda poreikis tokiy kompo-
nenty, kuriy gamyba PVD technologijomis, dél
technologiniy suvarzymuy, neuztikrina reikalaujamy
dangos charakteristiky Viso dengiamo
komponento pavirSiuje. Tai dazniausiai yra
sudétingos formos pagrindai, tokie kaip fotoniniai
kristalai, lesiai, mikrooptiniai komponentai ir kt.
Viena i$ alternatyviy technologijy yra atominio
storio nusodinimo (ALD - angl. k. atomic layer
deposition) technologija. ALD yra cheminio gary
nusodinimo (CVD - angl. k. chemical vapor
deposition) technologijos atSaka. Nusodinant
dielektrinius sluoksnius ALD metodu, padéklai
cikliSkai paveikiami dujiniais pirmtakais. Toks
cikliSkas procesas uztikrina, jog pirmtaky
reakcijos nevyksta dujy fazéje, todél reakcijos
vyksta tik ant pavirsiy. Sios pavirsinés reakcijos
leidzia kontroliuoti nusodinamos plévelés storj
angstremo tikslumu [1].

Siekiant geriau suprasti ALD metu vykstancius
procesus bei reakcijos mechanizmus nuolat
ieSkoma naujy baty kaip juos stebéti. Vienas is
tokiy metody yra optinés emisijos spektroskopija
(OES). OES metu registruojama elektroniskai
suzadinty liekamuyjy dujy optiné emisija. Taciau,
Siuo metu placiausiai naudojama OES - ALD
konfiglracija leidzia stebéti tik plazminio ALD
plazmos veikimo Zingsnj, todél negaunama
informacijos apie pirmtaky impulsy bei reaktoriaus
prasiurbimy metu vykstancius procesus [2].
Siame darbe ALD proceso stebéjimui ir optimi-
zavimui buvo naudojama asmeninés-plazmos
optinés emisijos spektroskopija (SPEOS - angl. k.
self-plasma optical emission spectroscopy). Buvo
analizuojami hafnio ir titano oksidy nusodinimai,
naudojant metalorganinius pirmtakus ir vanden;.
Nusodinimai buvo atliekami 150°C naudojant N
kaip nesanciasias bei prasiurbimo dujas. ALD ciklas
susidéjo is keturiy daliy: 1) metalorganinio pirmtako
impulsas, 2) prasiurbimas, 3) vandens impulsas, 4)
prasiurbimas. Atsizvelgiant | SPEOS rezultatus ir
siekiant rasti optimalig verte, prasiurbimo trukmés
buvo kei¢iamos 2 -120 s ribose.

Nusodinimy metu naudojant SPOES buvo regis-
truojami du signalai (1 pav.). Registruojamas CN*
signalas parodo, jog reaktoriuje yra nesurea-
gavusio pirmtako ir / arba reakcijos produkty. OH*
signalas parodo, kad reaktoriuje yra vandens.
Nusodinimy metu, greta SPOES buvo naudojamos
kvarcinio kristalo mikrosvarstyklés (QCM - angl. k.
quartz crystal microbalance) sluoksniy augimo
stebéjimui.

:fRégistruojam Registruoja
.i OH* signalai | mi CN*

| 'é 4;“\\;‘"‘\ i A\? : il “,‘LWJ v‘

1 pav. Standartinis spektras uzregistruotas
nusodinimo metu naudojant SPOES.
Atvaizdavus Siy signaly intensyvumo priklauso-
mybe nuo laiko (2 pav.), SPOES metodas leido
tiksliau jvertinti pavirSiy jsisotinimo pirmtakais
tendencijas. Taip pat, prieSingai nei QCM, SPOES
leido stebéti pirmtaky pertekliaus bei reakcijos
produkty pasiSalinimo i§ reaktoriaus laika.
Optimizavus HfO, nusodinimo procesg SPOES
metodu buvo pasiektas 1,9% sluoksnio storio

tolygumas reaktoriaus plote.

3000
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isisatinima
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2 pav. CN* ir OH* signaly priklausomybé nuo laiko

daugiaimpulsinio HfO2 nusodinimo metu, naudojant

TDMAMH ir vandeni.
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Modelling of strong coupling between surface plasmon polaritons and
protein-dye complex exciton of HSA antibody labeled with
RhodaminelO1 dye
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Strong coupling regime has gained a lot of
attention in these past several years. Coupling
between different optical and material
excitations, opens new possibilities for chemical
reaction rate[1], advanced biosensors[2,3],
plasmonic nanolasers[4], quantum information
processing[5]. The fundamental problem of dye
exciton is attributed to photobleaching, however
latest experiments[6] on the polimeric layers
with organic dyes and metal nanostructures have
shown that this phenomenon could be minimized
with the help of strong coupling effect. Light -
matter strong coupling occurs when two
interacting oscillators exchange their energy
faster than the dissipation rate of the system.
Such newly formed system introduces new
eigenstates and the energy gap between new
states is known as Rabi energy. Modelling of
strong coupling regime between the surface
plasmons polaritons induced in Ag/Au films and
excitons in protein-dye complex of HSA (Human
Serum  Albumin) antibody labelled with
RhodaminelO1 has been performed. The model
consists of 45 nm Au/Ag layer and HSA antibody
labelled with RhodaminelO1 dye on top of BK7
glass prism (Kretschmann configuration).
Thickness of HSA + RhodaminelOl was varied
between 4 - 16 nm (which is typical dimensions
of the HSA protein) in order to evaluate the
coupling strength dependence on the thickness
of labelled antibody. The obtained dispersion
relation have shown the anti-crossing effect at
531 nm wavelength compared with single
dispersion lines (Fig.1)
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1 Fig. Surface plasmon polariton and labelled
antibody exciton dispersion relations for coupled

(dark lines) and uncoupled system (red lines).

Total internal reflection configuration has been
used to determine optical response of modelled
system. Difference between incident and
refracted light were evaluated by changes in
polarization for s- and p- polarized light.
Modelled absorption spectra showed clear
indications of Rabi splitting for p-polarized light
at anti-crossing point, suggesting the system is in
strong coupling regime. Calculations for different
angles of incidence showed altered dispersion
relations for coupled light-matter interaction as
compared to uncoupled. Bending of dispersion
curves implies that plasmo-exciton system is in
strong coupling and formed new polaritonic
mode. Modelling of such systems showed
potential possibilities of achieving strong
coupling between plasmonic excitations in
metals and labelled antibodies. Furthermore
coupling strength can be altered using different
thickness of labelled antibodies allowing for
better control and minimization of
photobleaching effect. Such advanced
biosensing combines label free and labelled
optical methods in one hybrid application which
allows to control the chemical reactions rate in
photosensitive molecules through the strength
of strong coupling regime. Different modelled
protein-dye film thicknesses have shown that by
manipulating the structure and number of the
protein-dye complexes in the vicinity of the
plasmon mode volume the properties of coupled
states can be controlled by the strength of strong
coupling.
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Remote epitaxy is an arising single-crystalline
and free-standing thin film growth technigque.
This growth method adds advantages to regular
epitaxy. The remote epitaxy uses two-
dimensional (2D) material as an interlayer
between the substrate and epilayer. Van der
Waals (vdW) materials like graphene must be
used as an interlayer. Thus, only weak vdwW
forces between the growing epilayer and
substrate are dominant [1]. Such a weak
interaction allows grown film exfoliation [2].
Furthermore, it neglects regular heteroepitaxy
difficulties - thermal expansion and lattices
constant matching conditions between epilayer
and substrate. This improvement gives the upper
hand in the wider selection of cost-effective
growth substrates. Recently, remote epitaxy was
proposed as a new thin film transfer, flexible
membrane fabrication method. The huge
advantage is that substrate below 2D material
interacts with the layers growing during the
epitaxy and enables high-quality growth through
interlayer [1].

In the remote epitaxy process, the vdW material
growth or transfer on a bulk substrate plays an
important role because it defines the bonding
forces of an epilayer. Through defects of vdW
material, ionic or covalent bonds can form. These
bonds complicate layer release and induce strain.
In this work, we tested and optimized graphene
transfer using a laminator. The laminator transfer
method promises one of the most cost-effective
ways to transfer graphene. It utilizes the
commercially available and dissolvable in-water
polyvinyl alcohol polymer foil as a carrier
substrate for graphene and commercial hot-roll
office laminator. The cleaning procedure of
carrier foil after the transfer was optimized as the
plastic residue was seen with an optical
microscope. Several other graphene transfer
methods also were performed in comparison.
The quality of transferred graphene was
investigated with Raman spectroscopy (Fig. 1)
and scanning electron microscopy. Afterward,
samples with graphene were used in the epitaxial
growth of gallium nitride (GaN).
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Fig. 1. Raman spectra of graphene after wet, dry and
using laminator transfer.

Metalorganic vapor-phase epitaxy of GaN was
performed on graphene/GaN/sapphire
substrates. GaN below the graphene modulated
GaN epilayer crystal orientation - provided
remote effect. The difficult part is preventing
graphene degradation and etching during high-
temperature GaN growth. Graphene can be
damaged due to the decomposition of substrate
or aggressive carrier gases [3]. A two-step
growth method with low-temperature island
growth and high-temperature coalescence was
used to prevent damage. We managed to grow
as good quality GaN on graphene transferred
using a laminator as grown directly on sapphire.
GaN epilayer quality was evaluated by x-ray
diffraction.
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SCALING OF EMPIRICAL COMPARTMENTAL DISTRIBUTIONS

Justas Kvedaravicius?, Aleksejus Kononovicius?

TFaculty of Physics, Vilnius University, Lithuania
Saulétekio av. 9, LT-10222 Vilnius, email.: justas.kvedaravicius@ff.stud.vu.lt

2|nstitute of Theoretical Physics and Astronomy, Faculty of Physics, Vilnius University, Lithuania
Saulétekio av. 3, LT-10257 Vilnius.

Sociophysics is a physical approach to modeling social
phenomena. Yet at times there is a lack of comparison
between theoretical models and empirical (observed) data
[1, 2]. To enable comparison some authors explicitly include
space (geography) in their models [1, 3].

This research analyzes changes in empirical compartmental
distributions and spin-lattice systems by rescaling the data.
Here we consider empirical data from United Kingdom 2011
census. Further comparison is done against Ising and noisy
voter models.

Firstly, a randomized spatial model is proposed to assess the
nature of observed distributions of empirical compartments
(distinct  territorial units). Model takes empirical
compartments from the finest scale and combines them
randomly to replicate compartments of a coarser scale.
Some diversity measures (e.g., standard deviation) are
chosen for which relative changes in their values are
calculated. It is shown that results produced by the
proposed model follow the inverse square root law.
However relative changes in the diversity measures for the
empirical data differ from the theory thus suggesting
existence of spatial structures.
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Figure 1. Relative changes of the standard deviation of chosen
demographic indicators. Horizontal axis entails mean population in
a compartment for the chosen scale.

Other considered diversity measures exhibit different
power laws. For example, relative changes in Theil index
(which is a case of generalized entropy) follow inverse
linear law.

Building on the qualitative description of spatial structures
a new measure is introduced for quantitative description. A
numerical diversity index (/) is developed to describe certain
configurations of spin-lattice models . These states are

namely ferromagnetic, anti-ferromagnetic or random
configuration. The latter is an instance of already proposed
random model and is an intermediate between the other
two.
Diversity index values are calculated for spin models at
thermal equilibrium. Metropolis and Kawasaki dynamics are
employed for simulation of Ising model as well as noisy voter
model. Index values were evaluated for the empirical data
to ascertain the demographics exhibiting recognizable
spatial structures.
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Figure 2. Diversity index values for Metropolis dynamics at

equilibrium. Solid line shows index median value, dashed line

shows 95% confidence gap. Critical temperature point is

approximately at 2.269.

Proposed index [/ excelled at capturing spatial structure for
Metropolis dynamics at critical temperature. However,
it failed to capture polarization at low temperature
values. Noisy voter model showed logarithmic
dependence for values of index in terms of noise
probability. For Kawasaki dynamics proposed index
obtained biggest values at phase coexistence state. Results
produced by Kawasaki dynamics were by far more
comparable to the values for empirical data thus
indicating  better fit to model demographic
phenomenon.
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PAVIENIAIS FEMTOSEKUNDINIO LAZERIO IMPULSAIS
SUFORMUOTI PERIODINIAI AUKSO MIKROGUMBELIAI,
ZADINANTYS HIBRIDINE PLAZMONINE MODA
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Tauriyjy metaly mikro- ir nanodariniai placiai
tyrinéjami dél jy sgveikos su Sviesa ir plazmoniniy
savybiy atsiradimo. Paveikus pavienes
nanodaleles elektromagnetine spinduliuote,
suzadinami laisvujy elektrony svyravimai -
lokalizuoti pavirsiniai plazmonai (LPP).
Suformavus tokiy dariniy periodine gardele, nuo
jos difragavusi spinduliuoté sagveikauja su
atskiruose dariniuose pasireiskianciais LPP ir
suzadina hibridinius plazmonus, pasizymincius
paviriiniu gardelés rezonansu (PGR) [1]. Sis
hibridinis rezonansas yra itin siauras, didelio
kokybés faktoriaus bei pasizymi dispersinémis
savybémis.

Daznai periodinés dariniy gardelés formuojamos
elektrony pluosto arba koloidine litografija,
tacCiau Sie metodai yra arba brangds ir reikalau-
jantys daug laiko sgnauduy, arba jais sudétinga
pasiekti vienody dariniy formacijag. Alternatyvus
metodas periodinéms gardelés suformuoti yra
tiesioginis lazerinis rasymas (TLR), kai metalo
pavirSius tiesiogiai paveikiamas sufokusuotu
lazerio pluostu [2]. Naudojant vieng lazerio
impulsg, suformuojami auksiniai mikrodariniai,
kuriy morfologija stipriai priklauso nuo impulso
energijos [3]. Naudojant nedideles energijas,
modifikavus sluoksnj susiformuoja nedideli
gumbeliai.

Tyrimo metu buvo tiriamas aukso mikrogumbeliy
formavimasis bei plazmoniniy savybiy priklau-
somybé nuo formavimo periodo. Dariniai buvo
gaminami TLR metodu, naudojant astriai
sufokusuotag 515 nm bangos ilgio lazerine
spinduliuote (1 pav.), keiciant gardelés perioda.
Plazmoniniy savybiy nustatymui buvo matuojami
atspindzio spektrai.

Nustatyta, jog gardelés suzadina hibridinj
rezonansa, kuris pasizymi siaurais spektrais tiek
s-, tiek p-poliarizacijoje, kuriose rezonansy vietos
spektre skiriasi (2 pav.). Rezonansinis bangos
ilgis gali bati kei¢iamas tiek keic¢iant spinduliuo-
tés kritimo j gardele kampa, tiek masyvo perioda.
Suformuotos gardelés rezonansinis bangos ilgis
gali bati apskaiciuojamas ir teoriskai, pasinau-
dojant vienmatés difrakcinés gardelés formule.
Mikrodariniy masyvai, Zzadinantys hibridines
plazmonines modas, gali bdti naudojami bezy-
meniuose biologiniuose jutikliuose, pritaikomi
netiesinéje optikoje bei lazeriavimui [4].

NA=0.5

1 pav. Aukso mikrodariniy formavimas TLR metodu,
naudojant 515 nm bangos ilgj.
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2 pav. Aukso mikrogumbeliy masyvas.
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TIESIOGINIS LAZERINIS RASYMAS DIDELIO MASTELIO
SIDABRO MIKRO-GUMBELIU MASYVO FORMAVIMUI
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Metalo nanodalelés placiai pritaikomos dél jy
sgveikos su Sviesa, vadinama plazmonika, kuri
kelia didziulj susidoméjimag daugelyje tyrimy
sriciy, kadangi naujausi optiniai prietaisai yra
paremti Sia sgveika pavirSiaus plazmony
polaritonais (SPP). SPP yra kolektyviniai kravio
svyravimai, susieti su iSoriniu elektromagnetiniu
lauku ir sklindantys iSilgai metalo ir dielektriko
sanddros [1]. Taciau norint sekmingai pritaikyti
Sio sgveikos ir metodo privalumus, nauji tyrimai
yra batini, ypac su tokia medziaga kaip sidabras.
Siame tyrime SPP efektas pasiekiamas naudojant
difrakcijos reiskinj [2], kai periodiskai iSdéstytos
metalo nanodalelés veikia kaip difrakciné
gardelé, kurioje krintanti spinduliuoté suzadina
plazmony rezonansus. Plazmony suzadinimo
atveju, juos zadinantys fotonai sugeriami ir
pasireiSkia konkretaus bangos ilgio ar tam tikro
spinduliuotés kritimo kampo sugertis. Toks
difrakcinés gardelés panaudojimas yra pagrjstas
teorija, jog SPP bangos ploksCiame nestruk-
tdrizuotame pavirSiuje negali bati suzadintos
tiesiogiai kritusia Sviesa dél impulso skirtumy -
laisvo fotono impulso dydis mazesnis nei
pavirsiaus plazmony polaritono.

Tyrimo metu ant plono 50 nm storio sidabro
sluoksnio tiesioginio lazerinio rasymo budu,
naudojant 11 nJ lazerio impulsus, buvo
suformuotos sidabro mikrogumbeliy gardelés.
Gautos gardelés buvo istirtos naudojant
skenuojantj elektroninj mikroskopa (SEM) ir
spektrofotometra.

ISanalizavus rezultatus buvo pastebéta, jog
pavirsiaus plazmony rezonansas (SPR) priklauso
nuo gardeliy periodo, Sviesos poliarizacijos,
Sviesos kritimo kampo ir bandinio pasukimo
kampo. Geriausi rezultatai (giliausios ir siauriau-
sios smailés) buvo gauti matuojant darinius su
lygiagreciai orientuotomis skenavimo linijomis
bei naudojant s-poliarizacijg. Tokie eksperimen-
tiniai pastebéjimai gerai sutampa su teoriniais
jvertinimais. Gumbeliy periodiSkumas pade-
monstravo  stiprig priklausomybe, kadangi
naudojant mazesnj perioda buvo pasiektos
siauresnés ir gilesnés SPP smailés.

Zinant jog sidabras oksiduojanti medZiaga, buvo
atliktas papildomas oksidacijos jtakos rezultatams
tyrimas. Matavimai buvo pakartoti po meénesio.
Buvo nustatyta, jog rezonanso gylis sumazéjo

beveik du kartus. Dél Sios priezasties, buvo pasit-
lytas oksidacijos poveikio eliminavimo badas.
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1 pav. Sidabro mikrogumbeliy masyvo plonoje sidabro
dangoje (50 nm ) SEM mikrografija. Nuotraukos atliktos
esant 52° bandinio pasukimo kampui. Kiekvienas
mikrogumbelis buvo pagamintas naudojant pavienj 1,1 nJ
energijos lazerinj impulsa.
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Selective Laser Solidification (SLS) is one
of the most rapidly advancing manufac-
turing technologies based on the added
production of layer forming techniques.
The use of metal particles in the 3D
printing process makes it possible to
produce parts with mechanical
properties superior to those of traditional
industrial products. Alloys made from
titanium-based powders are widely used
in aerospace applications due to their
lightness, corrosion resistance and
mechanical properties, but the cost of

Table 1. Mechanical properties of alloys.
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ECKART (G23)| 976.0+2.2 | 1017.8+2.1 | 119.0+0.7 | 27.0+5.3 | 10.7+0.4
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Osprey (G23) [1042.0+8.5| 1075.1+7.8 | 119.5+1.0 | 24.7+8.6 | 9.2+1.6

these powders is considerably higher
than that of iron or aluminium-based powders[1].
It is therefore necessary to investigate which
manufacturers’ powders are of the best quality
and worthy of use in production. In this work, two
grades (G23 and G5) and four manufacturers of
Ti-6Al-4V powders have been investigated for
their chemical composition, morphology and
particle size distribution. 3D printing using SLS
technology was carried out and the charac-
teristics of the alloys were evaluated. Based on
the results obtained, the most suitable powders
for SLS printing were selected.
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Fig. 1. Particle size distribution of titanium powder.

Fig. 2. Particle size distribution of titanium powder.

mdp (G23) titanium powder has the best
morphology of the test substances. m4p and
Osprey (G5 and G23) powders stands out with
low polydispersity. The minimum particle size at
the D90 Ilimit was the m4p manufacturer’'s
powder. Thus, of all the manufacturers studied,
the most suitable powder for 3D printing is m4p,
as the smaller metal powder particles ensure
more uniform alloy formation during printing,
lower porosity, and surface roughness.

After evaluation of the ultimate tensile strength
and modulus of elasticity of titanium alloys
produced by 3D printing, the strongest alloy was
made of m4dp (G23) powder with the lowest
vanadium concentration (3.75%) of all tested
powders. Meanwhile, the weakest alloy was
made from ECKART (G23) powder with the
highest vanadium concentration (4.25%). The
highest value of the modulus of elasticity (121.3
GPa) belonged to the ECKART (G5) alloy, which
had the largest relative elongation (32.88%) and
the smallest relative change in cross-sectional
area (6.68%).
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Pastaruosius kelis deSimtmecius mokslininkai tiria
aktyviosios terpés miniaturizacijg, kurdami tokias
struktdras kaip kvantiniai taskai, kvantinés duobés,
kvantinés vielutés ir kt. Tokiu atveju jvairGs
technologiniai protokolai, kaip skirtinga kvantiniy
duobiy forma, atomy difuzijai skirtos pauzés
auginimo metu, ex-situ ar in-situ atkaitinimai,
leidzia koreguoti prietaisy parametrus.

Siems tikslams pritaikyti labai patraukli yra Alll-BV-
Bi junginiy grupé, dar vadinama bismidais. Bismidai
yra aktualUs dél savo unikalios savybés - draustiniy
energijy tarpo valdymo As pakeiciant Bi atomais.
Taciau bismidy auginimas vis dar kelia jvairiy
auginimo temperatlra (375°C - 425°C) lemia
bismuto segregacija | pavirSiy, taip iSdarkant
struktlrg bei nepasizymint didelio intensyvumo
liuminescencinémis savybémis.

Iki Siol paprastai buvo auginami ir tiriami stori
bismidy sluoksniai ir standartiniy kvantiniy duobiy
dariniai. Taciau muisy grupés ankstesni tyrimai
parodé, kad galima turéti ir kitokj kvantiniy duobiy
dizaing [1]. Tai leido iSgauti didesnj optiniy savybiy
atkartojamuma struktlrose bei iSskirti optinius ir
auginimo parametrus darancius didziausig jtaka
atkortojamumui.

Apie bismuto kvantinius taskus pateikty darby dar
néra, nors tai baty patraukliausia ir intensyviausia
struktlra lazeriniams prietaisams. Dazniausiai
kvantiniai taskai yra auginami Stranski-Krastanov
(S-K) auginimo metodu. Bi atomy tasko ir GaAs
gardelés neatitikimas yra per didelis kvantiniy
tasky auginimui Siuo metodu. Taigi Siame darbe yra
naudojamas segregacijos metodas, kuomet
atkaitinant  struktirg Ga-Bi cheminis rySys
nutriksta ir Bi segreguoja suformuodamas kvantinj
taskg (1 pav.) [2].

Ga As Bi

Segregacija’

Temperatlra
Segregacijos
intensyvumas

1 pav. Segregacijos proceso modelis, augant
temperatirai didéja segregacijos intensyvumas.

Ankstesni tyrimai parodé, kad taikant ex-situ
atkaitinimg Bi nanodalelés buvo sékmingai
suformuotos ir pasizyméjo liuminescencija 1000
nm - 1300 nm bangy ruoze [3]. Kvantiniy duobiy
lazeriai pademonstravo lazeriavimg 1000 nm -
1200 nm bangy ruoze, kas atitinka pirma ir antrg
telekomunikacijy langus.

Segregacijos metodu suformuoty kvantiniy tasky
dydis priklauso nuo kvantinés duobés plocio,
taCiau daznu atveju susiformavusiy tasky
diametras virsija kvantinés duobés plotj. Kadangi
masy atveju naudingi kvantiniai taskai yra tik tie
kuriy diametras yra mazesnis negu 16 nm [3], AlAs
tuneliniai barjerai yra pasitelkiami j pagalba siekiant
kontroliuoti norimg kvantiniy tasky diametra. Tai
leidzia pasiekti trecig telekomunikacijy langa, kuris
atitinka 1,5 um bangos ilgj.

Siame darbe Bi kvantiniai taskai buvo suformuoti
pasitelkiant segregacijos metoda MBE reaktoriuje,
in-situ atkaitinant GaAsBi kvantines duobes 600-
750°C temperatdroje. HR-TEM ir PL matavimai
buvo naudojami charakterizuoti uzaugintas
struktdras. HR-TEM rezultatai parodé, kad AlAs
tuneliniai barjerai sékmingai sulaiko Bi kvantinius
taskus GaAsBi kvantinés duobés plotyje (2 pav.).

2 pav. GaAsBi kvantinés duobés su Bi kvantiniais
taskais skerspjavio HR-TEM paveikslas.
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Only a few percent of bismuth is enough to
incorporate in GaAs lattice to significantly
reduce the energy band gap of the material.
Together with properties like increased spin-
orbit split-off energy and band gap which is less
sensitive to temperature GaAsBi/GaAs multiple
quantum wells (MQWSs) makes a great candidate
as an active media for optoelectronic devices
operating at near-infrared range. However, from
the technological point of view it is hard to grow
high quality GaAsBi/GaAs quantum structures
using conventional single-substrate-temperature
(SST) technique due to large size of Bi atoms and
consequent surface-segregation. Two-subs-
trate-temperature (TST) method suggested by
Patil et al. [1] was demonstrated to be an efficient
way to reduce the segregation of Bi atoms and
therefore improve the quality of layers and
interfaces. Patil et al [2015] also declared
increased photoluminescence (PL) intensity
when using TST method. This could be asso-
ciated with thermal annealing of MQWs during
the growth process, since the quantum well layer
is grown at low temperature, but for the
deposition of the barrier layer temperature is
increased.

In this work GaAsBi/GaAs MQWs grown by
molecular beam epitaxy (MBE) using SST and
TST techniques were compared. Growth
protocols for investigated structures are shown
in Fig. 1. In SST method GaAs buffer was grown
at 600°C and the following periods of GaAs:Be
barriers and GaAsBi QWs were deposited at
370°C. Whereas TST method required to
alternate growth temperature between 450°C
and 370°C for the deposition of barrier and QW
layers, respectively. Although higher PL intensities
were expected for structures grown using TST,
results were comparable between structures
obtained by both techniques (Fig. 2). X-ray
diffraction (XRD) and scanning transmission
electron microscopy (STEM) proved higher
structural quality of MQWs grown using SST.
Meanwhile, quantum structures obtained by TST
showed lower carrier localization and higher
emission efficiency. Higher optical quality of
GaAsBi/GaAs MQWs grown using TST could be
associated with the annealing of the uncovered
quantum well layer during the growth step where
the temperature is raised for the upcoming

barrier layer. Due to higher temperature of the
substrate Bi atoms segregated to the surface of
the layer could evaporate, while atoms in the
lattice might migrate to their assigned points
reducing the amount of point defects. This leads
to the sharper interfaces between layers of the
guantum structure and lower localization.

SST TST
10 nm GaAs:Be 450°C
11 nm GaAsBi QW 370°C 370°C
X5 4
10 nm GaAs:Be 450°C
130 nm GaAs buffer 600 °C 600 °C

S.I. GaAs substrate

Fig. 1 Growth protocols of structures grown
by SST and TST.
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Fig. 2 Comparison of PL intensity and photon energy
of GaAsBi/GaAs MQWs grown by SST and TST
techniques.

References

1. P.K. Patil, F. Ishlkawa, S. Shimomura, Journal of
Alloys and Compounds 725 (2017) pp. 694-699;

2. P. Patil, T. Tatebe, Y. Nabara, K. Higaki, N. Nishii,
S. Tanaka, F. Ishikawa, S. Shimomura, Journal of
Surface Science and Nanotechnology 13 (2015)
pp. 469-473.

Acknowledgement
This work was supported by Research Council of
Lithuania under the grant No. P-MIP-22-309 (LMTLT).



FIZINIV IR
TECHNOLOGIJOS MOKSLY

| /7% ; "33 CENTRAS

:":Fiz@eéh

BIMETALIU Au-Ag NANODALELIYU GENERAVIMAS IS PLONY DANGUY
ANT STIKLO PADEKLO NAUDOJANT NANOSEKUNDIN|] LAZER]

Vita Petrikaité, Evaldas Stankevicius

Fiziniy ir technologijos moksly centras, Lazeriniy technologijy skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: vita.petrikaite@ftmc.It

Tauriyjy metaly aukso ir sidabro nanodalelés
pasizymi dideliu ploto ir tario santykiu, elektriniu
laidumu, cheminiu stabilumu, katalizinémis
funkcijomis ir geru biologiniu suderinamumu [1,
2]. Dél siy savybiy plagiai naudojamos jvairiose
technologijose: katalizatoriuose, SERS ir optiniy
bei elektroniniy prietaisy komponentuose, kuriy
savybés priklauso nuo lokalizuoto pavirsiaus
plazmony rezonanso (LPPR) [2]. LPPR - tai
daznis, pasireiSkiantis dél laidziy elektrony
virpesiy, kurie sukuriami dél sgveikos su
elektromagnetine banga [3]. Vizualus LPP
rezonanso indikatorius yra ryski nanodaleliy
spalva, neblddinga makro-medziagai ir atomams.
Aukso ir sidabro nanodaleliy sugertis ir sklaida
vyksta skirtingose matomo elektromagnetinio
spektro srityse. Norint pasiekti tarpinj rezonan-
sinio bangos ilgio diapazong pasitelkiamos
hibridinés aukso-sidabro nanodalelés, kuriomis
galima reguliuoti optines ir elektronines savybes
pladiame diapazone, kei¢iant santykj tarp jas
sudaranc¢iy metaly [4]. Taip pat dviejy metaly
suliejimas | vieng medziagg gali sudaryti
sinergetinj efekty, dél kurio sumazéja lydymosi
temperatira, padidéja biologinis suderinamumas
ir iSlaikomas stabilumas [5].

Nanodaleliy morfologija, stabilumas ir fizikinés
bei cheminés savybés priklauso nuo sintezés
metodo. Pagrindiné problema, su kuria susiduria-
ma, yra tolygus ir pasikartojantis nanodaleliy
nusodinimas ant padéklo. Sig problema padeda
iSspresti Siame darbe pristatomas termiskas
lazerio ir plony metaliniy dangy naudojimas. Sio
metodo privalumai - tikslumas, lengva lazerio
parametry kontrolé, mazas poveikis aplinkinéms
sritims ir paciam pavirSiui. Naudojant §j metodg
nanodalelés gali bati tiesiogiai ir gana tolygiai
nusodinamos ant jvairiy substraty ir gali baGti
lengvai atkartojamos.

Siame darbe nanodalelés buvo generuojamos i
plony 1-4nm aukso ir sidabro sluoksniy
padengty vienas ant kito, sudarant plonas hibri-
dines 3-5nm dangas, kurios paveikiamos
nanosekundiniu impulsy lazeriu (1 pav.). Jvairaus

santykio, storio ir eiliskumo (Au-Ag ir Ag-Au)
dangos pasizymi individualia morfologija dél
sgveikos su tarpusavio ir stiklo pagrindu. Todél
svarbus generuojamy nanodaleliy morfologijos ir
plazmoniniy savybiy tyrimas. Taip pat yra
lyginamas ir analizuojamas skirtingy metaly
santykio skirtumas tarp sferiniy nanodaleliy
dydzio, dispersijos ir optiniy savybiy. Gauti
rezultatai lyginami su monometaliniy aukso ir
sidabro nanodaleliy charakteristikomis.

1 pav. Monometalinés ir hibridinés nanodalelés, gene-
ruotos ant stiklo padéklo. a) Skaitmeniné nuotrauka
skirtingo santykio Au-Ag ir Ag-Au dangy po ns-lazerio
veikos b) Nanodaleliy SEM nuotraukos.
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Black carbon (BC) levels for urban areas are not
available from the standard air quality
monitoring networks in many countries, as BC is
not currently regulated by the EU Air Quality
Directive [1]. The urban environment is very
complex due to the different emission sources
and their emission activities, therefore, a
combination of mobile and stationary
measurements allows a better understanding of
the dynamics of BC, which spatial variation is
greater than that of PM.s - EU ambient air quality
regulated standard. In this study, real-world
measurements and work-related personal
exposure and deposition dose of BC were
investigated in the office and everyday
commuting routes. The study was conducted in
Vilnius, Lithuania, in the spring (March 2022).
Mobile measurements on the street showed that
BC concentrations were higher at peak hours,
reaching up to 714 ug/m?3 at hotspots. Hourly
mean BC mass concentrations varied from 0.30
to 9.01 ug/m3, with traffic-related black carbon
(BCtr) accounting for 66% of the total BC mass
concentration depicted in (Fig. 1).

The MPPD model results showed that the minute
deposition dose of BC (MDDgc) during the
working day (including commuting and office
hours) was highest in the morning rush hour,
0.031 pg/min, and in the evening, 0.015 pg/min,
demonstrating the influence of traffic exhaust on
aerosol particles, especially for fine particles
mode. Significant differences were observed
between the office and in-vehicle MDDgc. The
MDDgc of 0.005 ug/min in the office
microenvironment was almost six times lower
than for drivers during the morning rush hours.
Deposition dose showed that the daily in-vehicle
BC exposure during commuting could account
for one-third of the work-related exposure
among office workers, depending on the time
spent driving to work. Almost half of the inhaled
BC particles are deposited in the lowest part of
the respiratory system, the alveolar region (Fig.
2).
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Fig. 1 Time series of total particle number and
mass concentrations of 10-430 nm aerosol particles
from SMPS measurements at the urban background

site, and source apportioned BCw and BCwb mass
concentrations (stacked: BC from traffic (BCw) and
wood burning (BCwb)) one-hour averages in March
2022. The black dashed lines represent the period of
the street-level BC pollution assessment experiment.
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Fig. 2 MPPD model application: (A) minute
deposition dose of BC for different routes in Vilnius
and the office, (B) human respiratory tract -
visualization of deposited mass of BC (1 um diameter)
on the route from home to office (FTMC1) on

18/03/2022.
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PLONU SLUOKSNIY CINKO OKSIDO DANGU FORMAVIMAS
ISSUKIMO (SPIN-COATING) METODU

Deividas Vainauskas, Vidas Pakstas, Arnas Naujokaitis, Rokas Kondrotas

Fiziniy ir technologijos moksly centras, Medziagy struktdrinés analizés skyrius
Saulétekio al. 3, LT-10257 Vilnius, el. p.: deividas.vainauskas@ftmc.It, rokas.kondrotas@ftmc.It

Cinko oksidas (ZnO) yra puikus II-VI tipo placia-
tarpis puslaidininkis, paizymintis n-tipo laidumu,
didele eksitony rysSio energija, dideliu optiniu
pralaidumu regimajame Sviesos diapazone, jo
geras cheminis bei terminis stabilumas, tai néra
toksiska aplinkai medziaga.

Dél Siy priezasCiy cinko oksidas didelj potencialg
turinti medziaga konstruojant optoelektronines,
skaidrias medziagas ir ypac tinka plonasluoksniy
saulés elementy formavimui [1]. |prastai, dél gero
energetiniy lygmeny suderinamumo, stibio
selenido saulés elementuose heterosandulrg yra
formuojama ant kadmio sulfidu (CdS) padengty
padékly. Taciau CdS, dél jame esancio Cd yra
zalingas aplinkai ir zmogui. CdS galima pakeisti
oksidy junginiais ir cinko oksidas (ZnQO) kuris yra
iS tos pacios lI-VI medziagy klasés, yra vienas is
perspektyviausiy kandidaty. Pramoniniu pozitriu
tai taip pat nebrangi, lengvai modifikuojama ir
apdorojama medziaga [2].

Cinko oksido dangos formuojamos jvairias
metodais. Tai radijo daznio ar magnetroninio
uzdulkinimo, cheminio nusodinimo iS gary fazés,
lazeriniy impulsy energijos nusodinimu, purskimu
ant karsto padéklo, zoliy- geliy procesais [3].
Siame darbe cinko oksido dangoms formuoti buvo
pasirinktas zoliy- geliy chemijos metodas- kombi-
nuojant jj su issukimo (spin-coating) technika. Sio
metodo esminiai privalumai: tirpalai iS kuriy
dengiama - iSmaiSomi molekuliniu lygiu, lengvai
kontroliuojamos reagenty koncentracijos bei
kompozicijos, lengva kartoti dengimy skaiciy ir
pasiekti norimg dangos storj. Metodas lengvai
automatizuojamas ir pasizymi pigumu [4].
Darbe formuojant dangas buvo kei¢iamos
reagenty koncentracijos ir dengimy skaicius.

Principiné metodo schema pavaizduota 1 paveiksle.

Dangos formuojamos i$ cinko acetato tirpaly, kuriy
koncentracijos buvo 0,3 M; 0,5Mir 0,7 M. Dengimy
ciklai kartojami 1, 2, 5 ir 8 kartus. Tarp dengimy
naudota 300 C (10 min.) tarpinio kaitinimo tempe-
ratdra, o galutinis atkaitinimas, norint pilnai sufor-
muoti kristalinés fazés ZnO danga atliekamas
500 C (120 min) temperataroje.

Padengus cinko oksido dangas ant fluorinto
alavo oksido (FTO), pastebima daug didesné
varza, kuri atitinka cinko oksidui bldinga varza.
Atlikus Rentgeno spinduliy difrakcine analize
(XRD) pastebéta, kad polikristaliné cinko oksido
danga pradeda formuotis jau prie 300 C, o
galutinai atkaitinus prie 500 C, kristaliSkumo

laipsnis zymiai padidéja.

Skleidziamosios  elektroninés  mikroskopijos
(SEM) fotografijos bei perpjauty dangy SEM
vaizdai parodé, kad didéjant dengimy skaiciui
dangos storis didéja, jis lengvai kontroliuojamas,
dangy pavirSiaus morfologija néra tolygi.

2-metoksietanolis Monoetanolaminas,
CH.OGH,CH,OH | | NH,CH,CH.OH
(tirpiklis) (stabilizatorius)

Danga, tirpikliai

l [ Tarpinis kaitinimas (300 C, 10 min)

Polikristaliné danga

l | Galutinis kaitinimas (500 C, 120 min) |

8

Tpm
FTMC Vilnius

2 pav. ZnO dangos SEM nuotrauka po vieno
dengimociklo i$ 0,5 M koncentracijos tirpalo.
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KOHERENTINIO IR NEKOHERENTINIO THz VAIZDINIMO
STRUKTURINIAIS PLUOSTAIS PALYGINIMAS SKAITMENINIAME
EKSPERIMENTE

Karolis Mundrys, Paulius Kizevicius, Justinas Minkevicius, Sergejus Orlovas

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

Fotonika yra jvardijama kaip pagrindiné jgalinanti
technologija Europos Komisijos paskelbtame
Bendrijos strateginiame plane. Tarp |jvairiy
fotonikos sriciy yra bdadtina iSskirti  elektro-
magnetiniy Saltiniy erdvine sandarg formuojancig
optika ir tokios struktdrinés spinduliuotés jvairius
pritaikymus. Elektromagnetinés THz bangy ruozo
spinduliuotés Saltiniai per pastaragjj deSimtmet;
susilauké daug démesio dél savo plataus
pritaikymo potencialo: nuo neinvazinés spektros-
kopijos iki nejonizuojancio story (virs keliasdeSimt
bangos ilgiy) siekianciy bandiniy vaizdinimo
metody. Tobuléjant THz spinduliuotei skirty
optiniy elementy gamybos technologijoms,
atsirado poreikis istirti struktdriniy pluosty savybiy
pritaikomuma milimetriniy elektromagnetiniy
bangy ruoze atliekant bandiniy neinvazinj vaizdi-
nima. Sio proceso metu vis dazniau reikalaujami
netradiciniai struktdriniai pluostai, kadangi be
spinduliuotés bangos ilgio tampa svarbi ir pluosto
struktdra Zidinio arba linijinio zidinio aplinkoje.
Viena svarbesniy specialios optikos taikymy
sriciy yra objekty vaizdinimas, jy atpazinimas,
medziagy detekcija, bandiniy inspekcija. Sios
uzduotys yra kompleksiSkai susijusios su
difrakcijos teorija - tokie klausimai, kaip raiskos
pagerinimas, geresnis kontrastas, platesnis regos
laukas bei lauko gylis yra sunkiai iSsprendziami
be fotonikos ziniy. Standartinis vaizdinimas yra
atliekamas su nekoherentiniais Saltiniais, kuomet
informacija apie elektromagnetinio lauko faze
yra prarandama. Vaizdinimas su koherentiniais
Saltiniais iSlaiko informacijg apie bandinio faze,
taciau vyksta elektromagnetiniy bangy inter-
ferencija, tad kyla klausimas, kokie privalumai
arba trukumai atsiranda vaizdinant objektus
koherentiskai.

Sio darbo idéja yra vaizdinimo eksperimentui
pasinaudoti struktdrine Sviesa. Vietoje klasikinio
Gauso pluosto ir jj generuojancio leSio atlikti THz
vaizdinima su specialios optikos elementais,
generuojanciais kitus banginés lygties sprendi-
nius - nedifraguojancius cilindrinius (Zinomus
kaip Beselio) bei nedifraguojanciais Airy
pluostais. Siam tikslui pasiekti buvo sumodeliuoti
plokstieji difrakciniai elementai, kurie surinkty
spinduliuote nuo bandinio apsviesto struktdri-
niais pluostais. Buvo nagrinéjama Siy elementy
fazés moduliacijos profilio jtaka (pvz. kubing,
tiesing, ir kitos) koherentiniame ir nekoheren-

tiniame vaizdinime (1-2 pav.), buvo ieSkomas
optimaliausias vaizdinimo metodas, leidziantis
iSgauti didziausio kontrasto objekto vaizda. Sio
darbo metu buvo apzvelgtos tokio vaizdinimo
pritaikymo medziagy inspekcijoje perspektyvos.
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1 pav. Vieno pikselio nekoherentinio vaizdinimo
eksperimento intensyvumo rezultatai. Praéjusi pro
bandinj Sviesa buvo surinkta su zonine plokstele plius
Airy kauke.
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2 pav. Vieno pikselio koherentinio vaizdinimo eksperi-
mento intensyvumo rezultatai. Praéjusi pro bandinj
Sviesa buvo surinkta su zonine plokstele plius Airy
kauke.
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Laser-based devices have immense potential in
many application fields including optical fiber
communication systems, material processing,
LiDAR systems, Raman spectroscopy. Main
parameters that define the capabilities of lasers
are emission wavelength, beam quality,
wavelength tunability, output power and the size
of the device [1, 2]. From a technological point of
view, there are numerous epitaxy limitations
leading to the creation of structural defects or
features, which reduce the optical quality,
including non-radiative Auger recombination
processes, temperature related instabilities [3]. It
is very important for both electrically and
optically pumped lasers to understand how
crystal growth influences laser characteristics.
Moreover, the ability to tune and/or flexibly
control laser performances could extremely
extend the application area. Thus, the
optimization of the gain region composition and
dimensions becomes a crucial step. As in order
to obtain desired characteristics of the laser
source, various challenges need to solved during
the growth of the active media and the quantum
structures.
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Therefore, the goal of this work was to grow and
characterize multiple quantum well (MQW)
structures based on two different materials -
INnGaAs and GaAsBi for laser devices operating in
the near-infrared (NIR) region. All samples were
grown using solid-source MBE system (Veeco
GENxplor R&D). The structures were grown on
semi-insulating GaAs substrate oriented in (001)
crystalline plane. The optimization was perfor-
med varying molecular beam epitaxy conditions
(temperature, pressure) and QW composition,
number and thickness.

Fig. 1. shows the photoluminescence results obtai-
ned for InGaAs and GaAsBi MQW grown under
optimized conditions. The insets demonstrate the
surface peculiarities of the grown structures,
characterized by atomic force microscopy.
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Fig. 1. Photoluminescence spectra of InGaAs (a) and GaAsBi (b) MQW.
Insets depict surface morphology.
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In today’s quickly technologically emerging
world infrared frequency range sensing systems
are becoming more and more attractive for
versatile applications like security, healthcare,
agricultural industry etc. [1, 2]. Quantum well
infrared photodetectors (QWIP) first demonstra-
ted detector types for such sensing systems due
to its economic efficiency and relatively simple
manufacturing process [3]. Up to now the
majority of applications, require cryogenic QWIP
cooling in order to cancel out the room
temperature background and obtain reasonable
sensitivity and response time [4]. In the current
study less cooling-dependent QWIP of the 7-12
um wavelength range to (atmospheric window)
were developed to respond to the high demand
of infrared detectors for specific gas sensing [5].
In this work, the properties of GaAs/AlGaAs
QWIP detectors designed and built using the
FTMC facilities for 8-9 um wavelength detection
range are investigated. Characterization at room
temperature as well as at the temperatures
below 100 K was performed by measuring
electrical properties and acquiring infrared
photoresponse spectra in order to estimate
signal to noise ratio and spectral responsivity.
Spectra were obtained using conventional
infrared Fourier spectroscopy. The collimated
radiation emanating from the spectrometer was
focused by a parabolic mirror (f = 5 cm) onto a
surface of the QWIP. It was placed on the cold
finger in the cryostat and biased with the DC
voltage. Photo response was measured by using
the Lock’'in technique, mechanically chopping
output radiation at 211 Hz. Spectra obtained with
QWIPS having different grating couplers on top
are presented in Fig. 1 (bottom). Each spectrum
is smoothed and shifted by constant value in
horizontal axis for easier comparison.

The obtained results give an opportunity for the
development of room temperature QWIPs which
in turn opens possibilities for compact and light-
weight sensing systems to be developed and
used in wide amount of practical applications.
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Fig. 1. The photo of the part of QWIP detector and its
schematic cross section (top). Spectra obtained at
room temperature (bottom).
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Several types of lasers, such as, solid-state,
semiconductor, gas, excimer, and dye lasers,
have been developed. Today lasers are used in
many fields, particularly in optical fiber
communication, optical digital recording, material
processing, biology and medicine, spectroscopy,
imaging, entertainment, and many others. Due to
exceptional material properties and/or investiga-
tion conditions various application require unigque
set of laser parameters - emission wavelength, its
tunability, beam quality, operation temperature,
optical output power, as well as convenient
method of laser excitation, power consumption,
high-speed modulation and device size is very
important.

Vertical-external-cavity surface-emitting lasers
(VECSEL) also called optically pumped semicon-
ductor lasers (OPSL) or semiconductor disk laser
(SDL) belong to relatively new laser family that
combines many of the desirable properties.
VECSELs were developed to overcome key
problems typical to conventional semiconductor
lasers. In comparison to both types of electrically
pumped Vertical-cavity surface-emitting lasers
(VCSELSs), which emit circular fundamental trans-
verse mode beam but exhibit low power and edge
emitting lasers (Fabry-Perot and DFB) that can
reach high output power but an asymmetric beam
with strong angular divergence, VECSELS are
capable to generate high optical power with
circular beam quality.

In this work the main activity was focused on the
comparison between the proprieties of active
areas obtained using InGaAs and GaAsBi multi-
quantum wells (MQW).

We started by studying the effect of the growth
and design parameters in the emission wave-
length of an active area composed by InGaAs
MQW. In particular we focused on the effect of In
content and quantum well width.

In order to compare these results with an active
area containing GaAsBi MQW we started by
investigating the main technological parameters
required to grow high quality GaAsBi and sharp
interfaces between GaAsBi and GaAs. We than
analysed different types of GaAsBi quantum
wells to optimize the confinement and obtain
good emission from the photoluminescence

measurements.

The two types of MQW investigated are GaAsBi
quantum wells enclosed in AlGaAs parabolic
barriers. In one configuration each quantum well
was enclosed in parabolic wells, while in the
second one three rectangular GaAsBi/GaAs
wells were contained in the parabolic AlGaAs
barriers.

In both configurations the Al percentage was
varied from 0% to 30% to obtain the parabolic
barriers.

The last step of this work consisted in the
fabrication of multiple full VECSEL chips using
INnGaAs/GaAs active area and others using
GaAsBi/AlGaAs aiming at comparing the lasing
proprieties of such devices.

To grow the full structure we started by
fabricating a distributed Bragg reflector (DBR)
with central wavelength matching the emission
wavelength of the final device On top of this DBR
we grew the active area and window layers on
top. These sample were characterized using XRD,
reflectance, STM, AFM, temperature dependent
PL and PL. The photoluminescence spectra
obtained from these structure are shown in Fig.1.
These show high PL emission intensity and
wavelength correspondent with the central
wavelength of the DBR.
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Fig. 1. Photoluminescence spectra of the full VECSEL
structures, InGaAs/GaAs in a and GaAsBi parabolic
MQW in b.
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Perovskite solar cells based on organometal
halide light absorbers have been highlighted as a
viable photovoltaic technology because of its
exceptional power conversion efficiency (PCE)
and extremely low material prices. Nearly 90% of
the solar cells (SC) produced today on the
market are silicon-based. [1]. Perovskite and
silicon SC have been experimentally combined to
create tandem solar devices, which is significant
since they outperform state-of-the-art silicon SC.
In the two-terminal (2T) arrangement, the wide-
bandgap cell is exactly positioned on the narrow-
bandgap cell and both SC are monolithically
included. [2]. The wide-bandgap cell is stacked
on top of the narrow-bandgap cell, and the two
cells are mechanically coupled in a four-terminal
(4T) configuration [3].
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Fig. 1. Architecture of the triple cation perovskite/
silicon tandem solar cell composed of perovskite top
cell and bottom silicon cell.

We investigated the photovoltaic properties of a
four terminal triple cation perovskite/silicon
tandem SC built on an industrial n-type
monocrystalline bifacial PERT silicon SC with a
Cso0.06(MAo017 FAo0s3)0.94Pb(loss Broiz)s layer as
shown in Fig.l. The triple cation perovskite film
developed on the mesoporous titanium dioxide
layer has a variety of grain sizes, some of which
are greater than 1000 nm, as seen by the SEM
image. The measured transmittance spectrum of
the perovskite layer shows that it is semitrans-
parent in the infrared and a good absorber of
visible light. Transmittance in the 800-1100 nm
wavelength range is significantly more than 80%.
The top perovskite solar cell has an open circuit
voltage of 111V, a short-current density of
23.6mA, a fill factor (FF), and a PCE of 19.4%,
respectively. The bottom cell displays 7.2% PCE,
71%FF, 15.8mA short-current density, 0.64V open
circuit voltage, and 7.2% PCE. Therefore, the
overall PCE of the 4T perovskite/silicon tandem
solar cell, which is 26.6%, is significantly higher
than the efficiency of each subcell [4].
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